
SI.No CONTENTS PAGES1

1 ORGANIC FARMING- CAN IT MEET 

TODAYS NEED

1 j
1

2 HOMESTEAD FARMING 30

J

1

L—

CROP RESIDUE MANAGEMENT IN 

ARABLE LAND

69
1
1i
1

4
I i

SOIL POLLUTION AND REMEDIATION 1 16

5 CONTRACT FARMING 171

6I SELF HELP GROUP FOR RURAL 

PROSPERITY

196

"7 |
i
FUNCTIONS (>F VI P( K KI R M \M : r

8 PRAC I 1C AL U 1 II I 1 Y Ol PRINCII’Al 

COMPONL.N 1 ANALYSIS

24 S



Organic farming : Can it meet 
today’s needs?

Sindhu, P.V. 
(2004 -21 -01 )

■s*

, / v / i  , ,  -J'r
, / o / L i l fe
l ° (
\\ -V- \
V \

'Vx v

/ /  i ,  ,  I .‘ ^  I A

SEMINAR REPORT

S u b m i t t e d  in p a r t i a l  fu lf i l lm e n t  fo r  th e  r e q u i r e m e n t  o f  th e  
C o u r s e  No. A g ro n  751, S e m in a r  (0+ 1)

DEV A R I ’M  ENT OF A GRONOMY 
COLLEGE OF HORTICULTURE  

KERALA AGRICULTURAL UNIVERSITY  
VELLANIKKARA-680656 

THRISSUR, KERALA, INDIA
2005



DECLARATION

I, Sindhu, P.V. (2004-21-01) hereby declare that the seminar entitled “Organic 

farming: Can it meet today's needs” has been prepared by me, after going through the 

various references cited here and has not been copied from my fellow students.

vl
f



This is to certify that the seminar report titled “Organic Farming: Can it 

meet today’s needs?” has been solely prepared by Sindhu, P. V. (2004-21- 01), 

under my guidance, and has not been copied from any seniors, juniors or fellow 

student’s seminar reports.

,

Vellanikkara Dr. C. Gerog&-Thomas

Date: 20-11-05 Major advisor

Associate professor 

Department of Agronomy 

College of Horticulture 

Vellanikkara 

Thrissur



SLNo. Title Page No.

1 Introduction 1

2 Organic fanning: concept and definition 1

3 History o f  organic farming 2-5

4 Variants o f  organic farming 5-7

5 Myths attached to organic farming 7-15

6 Organic farming and India’s food security 16-20

7 Organic farming disaster in China 21

8 Conclusion 22

9 References
• • 

1-1V

10 Discussion v -vi



Introduction

After nearly four decades o f  globally celebrated agro technological revolution termed as
■

“green revolution” Indian agriculture is at cross roads again. On one side o f  the spectrum 

are the developed countries with almost zero growth rate o f  population and threatened with 

a serious problem o f  over production in agriculture sector. On the ULiici aiuc cue 

developing countries like India, with population growth out stripping agricultural 

productivity and required to produce more and more food, fibre and fuel from ever 

shrinking agricultural land.

The post green revolution problems often referred to as ‘second generation problems’, 

presently threatening the sustainabil'ty o f  Indian agriculture as a whole and raising serious 

concerns about India’s food security. It is due to these problems that the echo o f

ecofriendly back to nature agriculture became louder.

%

Development o f  organic food markets in some developed western countries that are scared 

o f  consuming the fo o d .g ro w n  locally with high amount o f  pesticide residues due to 

excessive use o f  agro chemicals gave further momentum to the promoters o f  organic 

agriculture in developing countries like India.

O rg an ic  fa rm ing : C oncep t  and  definition

Organic agriculture avoids or largely excludes the use o f  synthetic fertilizers, pesticides, 

growth regulators and livestock feed additives and to this list may be added the use o f  

genetically modified (GM ) crops

Organic farming system solely depends on the use o f  on farm and oft' farm crop residues, 

organic wastes, animal manures, green manures, crop rotations, incorporating legumes and 

biological pest control to maintain soil productivity (Palaniappan and Annadurai, 1999).



History of Organic Agriculture

The first 40 years o f  the 20th century saw simultaneous advances in biochemistry and 

engineering that rapidly and profoundly changed farming. The introduction o f  the gasoline 

internal combustion engine ushered in the era o f  the tractor, and made possible hundreds of 

mechanized farm implements. Research in plant breeding led to the commercialization of 

hybrid seed. And a new manufacturing process made nitrogen fertilizer - first synthesized 

in the mid-1800s - affordably abundant. These factors changed the labor equation: there 

were some 600 tractors in the US around 1910, and over 3,000,000 by 1950; in 1900, it 

took one farmer to feed 2.5 people, where currently the ratio is 1 to well over 100. Fields 

grew bigger and cropping more specialized to make more efficient use o f  machinery.

In England in the 1920s, a few individuals in agriculture began to speak out against these 

agricultural trends. The British botanist Sir Albert Howard is often referred to as the father 

o f  modem organic agriculture. From 1905 to 1924, he worked as an agricultural adviser in 

Pusa, Bengal, India, where he documented traditional Indian farming practices, and came 

to regard them as superior to his conventional agriculture science. His research and further 

development o f  these methods is recorded in his writings, notably, his 1Q40 book, An 

Agricultural Testament, which influenced many scientists and farmers o f  the day In 

Germany, Rudolf Steiner’s biodynamic agriculture was probably the first comprehensive 

organic farming system (the apparent beginning o f  which was a lecture Steiner presented 

in 1924)

In the early 1900s, American agronomist F H King toured China, Korea, and Japan, 

studying traditional fertilization, tillage, and general farming practices He published his 

findings in f  armers o f Forty Centuries (1911) King probably did not view himself as part 

o f  a movement, organic or otherwise, but in later years his book became an important 

organic reference. In 1939, influenced by Sir Howard's work, Lady Eve Balfour launched 

the Haughley Experiment on farmland in England. It was the first scientific, side-by-side 

comparison o f  organic and conventional farming. Four years later, she published The



The coinage o f  the term organic farming  is usually credited to  Lord Northboum, in his
fc

book, Look to the Land  (1940), wherein he described a holistic, ecologically-balanced 

approach to farming. J.I. Rodale coined it in an article for the publication Fact Digest. 

Shortly thereafter, he launched Organic Farming and Gardening (OFG) magazine —  for 

many years the flagship publication o f  Rodale Press. J.I. Rodale drew his concept o f  

organic agriculture from a number o f  sources, including Louis Bromfield (the author o f  

Malabar Farm and other books on conservation farming), Dr. William Albrecht (from the 

Department o f  Soils at the University o f  Missouri), and the Biodynamic movement. 

However, his key ideas about farming came from Albert Howard.

In America, Rodale expanded on H ow ard’s ideas. In his seminal book on organic 

agriculture, Pay Dirt, he identifies a number o f  other “good farming practices" —  like crop 

rotation and mulching —  that gave further definition and clarification to what have become 

accepted organic practices and inputs. This is important because organic farming embodies 

the elements o f  a sound agriculture —  traditional practices that have been proven over 

time. In fact, a good, convenient, working definition for organic agriculture is good 

farming practice without using synthetic chemicals. This working definition distinguishes 

organic practice from the general milieu o f  agriculture that existed in the pre-chemical era, 

much o f  which was exploitative and unsustainable. Organic farming was never intended to 

be a “ throwback” or regressive form o f  agriculture

In 1944, an international campaign called the Green Revolution was launched in Mexico 

with private funding from the US. It encouraged the development o f  hybrid plants, 

chemical controls, large-scale irrigation, and heavy mechanization in agriculture around 

the world. During the 1950s, sustainable agriculture was a topic o f  scientific interest, but 

research tended to concentrate on developing the new chemical approaches. In the US, J.I 

Rodale began to popularize the term and methods o f  organic growing, particularly to 

consumers through promotion o f  organic gardening.



A truly significant event in the history o f  organics took place in 1962, with the publication 

o f  Rachel Carson’s Silent Spring. Silent Spring is a strong and dramatic statement about 

the impact o f  pesticides on the environment. A  bestseller in many countries, including the 

US, and widely read around the world, Silent Spring is widely considered as being a key 

factor in the US government's 1972 banning o f  DDT. The book and its author are often 

credited with launching the worldwide environmental movement.

When environmentalists and others began looking around for an alternative to pesticides 

and industrial agriculture, organic farming was there. Not only was it an approach that did 

not use synthetic pesticides, it also had an attractive counter-culture name that grew to 

signify a philosophy o f  living as well as a method o f  farming.

0

While Silent Spring and the environmental movement were not about organic farming per 

se, they brought it to public consciousness on a vast scale. It is not uncommon, in fact, for 

some writers to suggest that organic agriculture began with Rachel Carson’s book. Though 

this assertion is untrue, the book clearly played a major role in stimulating industry growth 

and in altering public perceptions From the mid-1960s onward, organics was increasingly 

identified with pesticide issues. It became the idealized alternative for providing clean, 

healthy food and environmental protection.

In Japan, Masanobu Fukuoka, a microbiologist working in soil science and plant 

pathology, began to doubt the modern agricultural movement. In the early 1940s, he quit 

his job as a research scientist, returned to his family's farm, and devoted the next 30 years 

to developing a radical no-till organic method for growing grain, now known as Fukuoka 

farming. In 1975, Fukuoka released his first book, One Straw Revolution, with a strong 

impact in certain areas o f  the agricultural world. His approach to small-scale grain 

production emphasized a meticulous balance o f  the local farming ecosystem, and a 

minimum o f  human interference and labor.

i

Technological advances during World W ar II accelerated post-war innovation in all

aspects o f  agriculture, resulting in big advances in mechanization (including large-scale
\



irrigation), fertilization, and pesticides. In particular, two chemicals that had been produced 

in quantity for warfare, were presupposed to peace-time agricultural uses. Ammonium 

nitrate, used in munitions, became an abundantly cheap source o f  nitrogen. And a range of 

new pesticides appeared: DDT, which had been used to control disease-carrying insects 

around troops, became a general insecticide, launching the era o f  widespread pesticide use.

The International Federation o f  Organic Agriculture Movements, abbreviated and best 

known as EFOAM, began life in a very historic place - Versailles, France on November 

5th, 1972. It all started during ah international congress on organic agriculture organized 

by the French farmer organization Nature et Progres. The initiative came from the late 

Roland Chevriot, President o f  Nature et Progres. There were five founding member 

organizations at the cradle o f  IFOAM: The Soil Association from Great Britain represented 

by Lady Eve Balfour, the Swedish Biodynamic Association with Kjell Arman, the Soil 

Association o f  South Africa in the person o f  Pauline Raphaely, Rodale Press from the 

United States o f  America whose representative was Jerome Goldstein and o f  course. 

Nature et Progres with Roland Chevriot.

V arian ts  of o rgan ic  fa rm ing

There are several variants and incarnations o f  organic farming One extreme is the 

agriculture practices by Amish community in the north eastern parts o f  U S A , who do not 

use tractors for ploughing the field since they arc driven by diesel and or petrol and instead 

use horses for tilling the land

Rishi krishi

Acharya Vinoba Bhave initially experimented with this approach at his Paunar Ashram 

(Wardha). He advocated his supporters to till the land with bare hands, as the Rishis 

possibly did for meeting their food and fiber requirements. Later he relented and allowed 

the use o f  bullocks to till the land. It was believed that cosmic energy is the only source o f  

plant growth and no organic manures or fertilizers are required to raise the plants



Biodynamic Agriculture

In this approach some nine preparations (BD 500 to BD 508) are made using cowdung 

from lactating cows, silica or blossoms, leaves, bark etc. o f  some temperate plant species 

filled in the hollow o f  cow horn, stomach, intestine, peritoneum, skull or urinary bladder o f  

male deer’s and composting them for a season by burying them in the soil during some 

auspicious moments. These BD preparations applied in very small quantities are claimed 

to have magical properties o f  meeting crop nutrient demands, preventing and curing 

diseases and pest infestations and increasing soil fertility particularly nitrate nitrogen.

A calendar developed by the Biodynamic enthusiasts attempts at linking o f  planetary 

rhythms and constellation with nutrient use efficiency, with recommendations to apply 

manures with an ascending moon or full moon period to derive maximum advantage 

(Menon and Karatnarkar, 1994). Similar recommendations are made for other agricultural 

operations.

Homn fa rm ing

This variant o f  organic farming involves Agnihalhra (burning whole rice grains mixed 

with cow ghee in a copper pyramid o f  specified size, along with chanting o f  mantras al 

sunrise and sunset). This practice is said to gather tremendous energy around the copper 

pyramid, which goes to the atmosphere along with holy smoke and exerts dramatic 

benefits to the crop growth and productivity by way o f  injecting nutrients to the 

environment and mitigating the ill effects o f  pollution. The ash left after performing the 

Agnihothra is treated as complete plant food though the fact remains that it contains 

mainly potash (Pathak and Ram, 2003). '

Natural farming

A Japanese farmer, Masanobu Fukuoka who practices what he calls the “no-plowing, no

fertilizing, no-weeding, no-pesticides, do-nothing method o f  natural farming”, developed
f



this method. To him the idea that people can grow  crops is egocentric. Ultimately it is 

nature that grows crops. He sees modem agriculture as doing-this and doing-that to grow 

crops, but it is meaningless work. With his do-nothing method he is able to get yields in his 

rice fields that are equal to the highest yields attained with chemical, do-something 

agriculture.

Perm a culture

The word "permaculture" was coined in 1978 by Bill Mollison, an Australian ecologist, 

and one o f  his students, David Holmgren. It is a contraction o f  "permanent agriculture" or 

"permanent culture."

Permaculture is about designing ecological human habitats and food production systems. It 

i3 a land use and community building movement, which strives for the harmonious 

integration o f  human residence, microclimate, annual and perennial plants, animals, soils, 

and water into stable, productive communities. A central theme in permaculture is the 

design o f  ecological landscapes that produce food. Emphasis is placed on multi-use plants, 

cultural practices such as sheet mulching and trellising, and the integration o f  animals to 

recycle nutrients and graze weeds.

M yths a t ta c h e d  to o rgan ic  fa rm ing

There are several myths being proposed among the public about organic farming The 

validity o f  these myths has been discussed in detail by Chhonkar (2003) and Trewavas 

(2004). Some o f  these myths are discussed below.

Organic fo o d  tastes better and is o f  supeno^ quality

The traditional belief that organic manure promotes quality, while mineral fertilizers 

promote quantity, was shown to be over simplistic by Qual (1974) on the basis o f  trails 

conducted over a decade. Regardless whether the nutrients arc from organic or inorganic 

source, plants absorb the same in the form o f  inorganic ions: ammonium, nitrate, 

phosphate, potassium etc.



Once absorbed, the nutrients are re synthesized in to compounds that determine the quality 

o f  produce e.g. Flavour, shelf life etc., which is the function o f  genetic make up o f  plants. 

Thus any difference in taste o f  modem high yielding varieties is due to difference in 

genetic material.

There is no scientific evidence presented as yet to show organically produced food is o f  

better quality and taste and the use o f  inorganic fertilizers deteriorates it. The better taste 

o f  organically grown food is o f  psychological in nature and could be attributed to ‘Placebo 

effect’ widely used in drug industry.

Studies conducted shows that levels o f  C vitamins, flavonoids or antioxidants in organic 

foods are to be two or three times the level found in matched samples o f  conventional 

foods. Although very few studies directly addressed the issue, the polyphenol content o f  

vegetables produced by organic or sustainable agriculture is certainly higher than that o f  

those grown in conventional or hydroponic conditions (Manach, 2004)

Organic fo o d  is more nutritions and safer

There are no consistent and valid reports o f  differences in the mineral contents o f  organic 

and conventional food. Many taste assessments o f  organic and conventional foods have 

been conducted. In these individuals were provided with three pieces o f  same produce and 

asked to state which two arc the same Such tests have indicated that there is common 

confusion o f  freshness for organic produce and that the public cannot easily distinguish 

between organic from conventional (I Iascn, 1981 and Baskcr, 1992)

In a study conducted to assess the effect o f organic sources o f  plant nutrients on yield and
/

quality o f  brinjal (Prasanna, 1998) the ascorbic acid content o f  fruits was higher in 

treatments which received higher levels o f  N as compared to lower levels irrespective of 

the sources o f  nutrients



The attitude that organic foods are safe and healthy is based on misconception that hazards 

in food are mainly from agro chemical additives. In fact, microbes are the major source o f  

food borne diseases such as typhoid, gastro enteritis and dysentery etc. animal waste can 

be an effective nutrient source, but pathogen risk must be seriously considered. Animal 

waste contains intestinal bacteria many o f  which may present substantial human health 

threats. Land application o f  manure is particularly associated with Salmonella, E. coli etc. 

that can contaminate the soil. These pathogens are known to survive in the soil for a long 

period. They may be carried on to edible plant parts and get in to the food chain. They 

may also be introduced in to shallow surface waters as well as ground w ater polluting 

potable water supply (Mikkelson and Gilliam, 1995).

Organic farm ing  is ecofriendly

It is advocated that organic farming is ecofreindly. It keeps the soil healthy and does not 

pollute the environment. It is well known that nitrate is the main end product o f  manure 

decomposition and is continuously released from organic matter undergoing 

decomposition. Since nitrate release is not synchronized with either crop demand or its 

uptake, it tend to accumulate in excessive amounts in soil and cause environmental risk 

Nitrate thus formed without being taken up by plants may leach polluting ground water or 

may denitrify and pollute the environment. The ions irrespective o f  their origin whether 

from organic or inorganic source will behave similarly. There is no evidence that nitrate 

ions from organic sources are less mobile or having lower denitrifying potential than from 

inorganic fertilizers.

Trace elements and heavy metal concentrations in animal wastes (manures) and sewage 

sludge vary widely and can be at times very high (Table 1). Some times their 

concentration may exceed normally what present in inorganic fertilizers. Field application 

o f  such organic manures which have to be applied in very huge quantities in order to meet 

the requirements o f  major plant nutrients may lead to heavy metal accumulation in soil 

polluting arable land. These will find way in to edible plant parts and will get in to food 

chain becoming a serious health hazard (Table 2).



Increased emission o f  green house gases are thought to increase the potential for global 

wanning and climate change. Carbon Dioxide, methane and nitrous oxide are the three 

most important green house gases associated with agriculture. CO2 emission comes 

besides from burning o f  fuels, from decomposition o f  organic matter and crop residues. 

Methane originates predominantly from cattle manure, which is an integral part o f  organic 

farming. Nitrates formed in excess o f  the crop demand may further denitrify to yield 

nitrous oxide, which tend to further increase on Manuring as denitrification is positively 

correlated with microbial biomass and organic matter.

Table  1. Tota l concen tra t ion  of selected heavy metals an d  trace  elements 111 

fertilizers, m a n u re s  and  biosolids (mg/kg of d ry  weight)

Source As Cd C r Cu Pb Ni Zn Reference

Urea <0.04 <0.2 <0.6 <0.04 <0.2 Raven and 

Leoppert(1997)

DAP 9.9- 

16 2

4.6-

35.5

5.5 ^2.41 2 . 1-

3.7

7.4-

222

10.3
1 »

MOP 0.4 - 0  2 < 1.0 <2.35 <0.4-

10

<0.2 4.59
* «

Tripple super 

phosphate

10.3 15 0
•

133 3.5 1 1 17 159 Charter et al , 

(1993)

Cow manure 8 1 58 62 16 29 71 Webber and 

Singh (1995)

Poultry manure 0.35-

110.5

0 .6-

19.6

3.5-

13.5

51-

538

Combs et al., 

(1998)

Sewage sludge 3.6 2.3 35 511 65 22 705 Stchouwer,

( 1 9 9 9 )



Table 2. Cadmium concentration (mg k g 1) in different parts of rice, sesame and
»

cowpea as influenced by nutrient application

Plant Plant parts Treatments

Absolute

control

Fert+FYM+Lime Fert+Lime

Rice Grain 1.0 2.1 1.7

Straw 1.2 2.7 2.2

Root 2.8 6.2 5.2

Sesame Pod 3.2 4.7 3.5

Haulm 4.0 5.3 5.0

Root 7.0 7.8 8.0

Cowpea Grain 1.2 1.7 1.3

Haulm 1.3 2.2 2.1

Root 3.8 6.5 4.3

(Mathew et al., 2002)

Organic farm ing improves soil fertility and inorganic fa n n in g  deteriorates it
0

Long term fertilizer trails conducted at various agroclimatic conditions have shown that 

balanced application o f  nutrients through inorganic fertilizers alone or through combined 

use o f  fertilizers and manures over a period o f  three decades have sustained crop 

productivity (Table 3).



Tabic 3. Mean grain yield (t ha'1) of crops under long term fewa;™*™ ? t a  

Manuring

Location Crops Mean grain yield (t ha'1)

Unfertilised 100%NPK 100%NPK  

+ FYM

150%NPK

Barrackpore Rice 1.6 3.9 4.1 4.3

Wheat 0.8 2.4 2.5 2.9

Bhibaneswar Rice 1.6 2.8 3.5 3.0

Wheat 1.4 3.0 3.7 3.3

Coimbatore Finger

millet
1.0 3.0 3.5 3.2

Maize 0.7 3.0 3.4 3.2

Ludhiana Maize 0.4 2.6 3.2 2.5

Wheat 1.0 4.8 5.0 4.9

Jabalpur Soybean 0.9 2.1 2.2 2.1

Wheat 1.1 4.2 4.6 4.4

Pantnagar Rice 3.1 5.3 6.0 5.3

Wheat 1.5 3.8 4.5 4 1

Palampur Maize 0.3 3m J , A m 4.6 4 0

Wheat 0.3 sA m  .  ' 3 3 3 0

(Swam p and Wanjcri, 20001

The results o f  the famous Broadbalk experiment started in 1843 by Lawes and Gilbert
9

shows that the soil carbon content has increased in the manure only plot by more than two 

fold but the mineral only plot recorded a carbon content o f  20 per cent (Johnston, 1QCU)

Organic farm ing sustains higher yields

There are dependable research evidences to show that balanced inorganic fertilizers and 

intrgarted nutrient management have sustained crop yields on long term basis (Dwivedi cl
I
1



al., 2002). Results o f  initial four years o f  long term experiment on rice wheat system at 

Modipuram shows that the yields o f  both rice and wheat remained sizably low under 

organic fanning compared with conventional farming owing to lesser number o f  effective 

tillers and fewer number o f  grains (Table.4).

Table  4. Yield a n d  yield a t t r ib u te s  of rice an d  w h ea t  u n d e r  conven tiona l and  organic 

m an ag em en t d u r in g  the  fou rth  y ea r  of c ropp ing

C rop T re a tm e n t G ra in  

(t h a 1)

S traw  

(t h a 1)

Ears/m^ G ra in /e a r G ra in w t. /ea r

(g)

Unfertilised control 2.34 3.09 196 43 0.62

100%N?K 5.15 6.59 250 94 1.68

Rice

75% NPK+25% N 

as FYM
5.24 6.48 258 95 1 75

Soil test based 

NPK
5.53 6.86 285 94 1.71

Organic farming 3.84 4.69 236 77 1.65

Unfertilised control 2.11 2.91 238 26 1.16

100% NPK

<NCO 6.54 375 38 1.70

W h ea t

75% NPK+25% N  

as FYM
5.20 6.95 370 42 1 74

Siol test based 

NPK
5 45 7 72 380 42 1.93

Organic farming 4.16 5.35 282 35 1 73

(Yadav el al., 2002)
J

In the two sections o f  Broadbalk experiments winter wheat has been grown continuously 

on land either given only manure (35 t ha '1) or only mineral fertilizers. After nearly 160 

years o f  the experiment the yields remained identical. Yields have chaniged in parcllal in 

the two sections with the introduction o f  new winter wheat varieties, herbicides, fungicides



and all the constantly improving agronomies that are now part o f  farming. It is quite clear 

from these data that, with in the confines o f  the experiment, conventional agriculture using 

minerals is sustainable, 160 years long enough (Rasmussen et al., 1998). v

From many reports it is clear that organic yields are usually lower, the extent depends on 

the crop. Leake (1999) reported that organic wheat, beans and peas yields where 60-70 per 

cent where as oats were 85 per cent conventional yields (Table 5).

Table  5. Yields of crops grow n conventionally  and  in o rgan ic  m ethods

T rea tm en t W in te r  w hea t W in te r  oats W in te r  beans Dried peas

Organic 4.82 4.87 2.60 2.13

Conventional 7.12 5.75 3.60 3.473.47

(Leake, 1909)

Enough organics arc available to replace the inorganic fertilizers

Projections on the availability o f  plant nutrients from organic sources for agriculture in 

India during 2000-2025 as worked out by Tandon, 1007 are given in table 6 . and projected 

plant nutrient NPK addition and removal as per Katyal (2001 ) arc given in table 7 These 

figures apparently reveal that all tappable nutrients from organic sources will be barely 

able to meet the deficit o f  nutrients in soil after crop removal at present level o f  production, 

what to say o f  replacing chemical fertilizers presently used



Resource * N +P2O 5+ K 2O (m t)

2000 2010 2025

Crop residue 2.05 2.34 3.39

Cattle manure 2.00 2.10 2.26

Human excreta 1.60 1.80 2.10

Total 5.50 6.24 7.75

(Tandon, 1997)

Table 7. Projected plan t nu tr ien ts  (N+P2 O5 +K 2 O) add it ion  and  rem oval in India  

(million tones)

2000 2020

Addition through 

fertilizers
18 07 29.60

Crop removal 28.00 37.46

Balance - 10,00 -7.86

Availability from

organic sources 7.75



Organic farming and India’s food security

India is the second largest populous country in the world next only to China. The total 

population in India was 1.0968 billion during 2003. The present growth rate in population 

is 1.68 per cent per annum. To feed this ever growing population there is a need for 

adequate food grains in a sustained manner.

Food security’

Zeller et al., (1997) defined food security at the house hold level as access by all people at 

all homes to the food needed for a healthy life.

Food insecurity includes a temporary short fall o f  adequate food for a proper diet, called 

‘transitory food insecurity’ as well as a long term food shortage called ‘chronic food 

insecurity’

India Development Report spells out the state o f  food insecurity in India The per capita 

availability o f  cereals has come down from 429.2 g per daily during 1999 to 407.1 g per 

day during 2003. Availability o f  pulses has come down from 36.5 g per day to 29.1 g per 

day in the same period As o f  now India’s 47 per cent children are malnourished, 74 per 

cent anemic and 36 per cent o f  married women in the age group o f  15 to 49 in rural areas 

suffer from chronic energy deficiency.

Reports on per caipta food consumption (FAC), 2000) shows that the food supply is lower 

in India compared to developed countries and many o f  our neighbouring developing 

countries (Table 8 and fig I)



Table 8 . Country wise food supply in kilo calories per capita per day

Country Food supply in (kilo calories per 

capita per day)

USA 3699

Belgium 3619

France 3518

Germany 3382

Israel 3278

UK 3276

South Africa 2990

Japan 2932

China 2897

Indonesia 2886

India 2496

(FAO, 2000)

Fig. 1. U n d e rn o u r ish m en t  (n u m b e r  of persons p e r  1000 by region)
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The primary concern o f  all organized communities and civilized governments is to meet 

the food requirements o f  its people. To maintain the present level o f  food grain production 

in India without input o f  chemical fertilizers the net additional area needed to be brought 

under cultivation is more than the total geographic area o f  the country. The countries food 

security Will be further compromised since in this calculation the additional food demands 

for projected population growth as given by Sekhon (1997) has not been taken in to 

account (Table 9).

Table  9. P ro jec tions  for popu la tion  grow th  an d  food g ra in  d e m a n d  in India

2001 2011 2021 2025

Population

(million)
1032 1262 1542 1690

Demand for 

food grain 

(million tones)

•

206 253 308 338

(Sekhon. 1997)

Nutrient NPK addition through fertilizers (18 mt) and nutrient removal by crops (2S ml) 

over a period (1960-61 to 1999-2000) indicates a gap o f  nearly 10 mt, which was met by 

mining the native nutrient reserves o f  the soil. The fertilizer use is projected to reach 29.60 

mt by 2020, following an increase o f  0.58 mt year'1. Against this projected use, the crop 

uptake related to removal would sum up to 37 *16 mt o f  NPK, leaving a negative balance of 

about 8 mt o f  NPK by 2020 provided the present growth rates o f  production and 

consumption o f  fertilizers arc maintained (Katyal, 2001).

In India per hectare use o f  fertilizers is lower than the developed countries and even some 

- o f  our developing countries (Table 10). With in India, among the major states the per 

hectare consumption o f  fertilizers is lower than all India average (Table 11)



Table 10 . Fertilizer consumption and food grain productivity in 2002-2003

C o u n try N P K  consum ption  (kg h a 1) Yield of food grains (kg 

h a 1)

Egypt 438 6983

Korean Republic 410 5649

Netherlands 367 8146

UK 313 6675

Japan 291 5343

China 276 4707

Germany 220 5693

Bangladesh 178 3222

Pakisthan 138 2009

USA 1 10 5976

India 90 2031



States below Indian average States above Indian average

State Consumption (kg ha' 

*)

State Consumption (kg ha' 

')
Assam 46.6 West Bengal 122.4

Bihar and Jharkand 80.5 Haryana 167.1

Orissa 41.4 Punjab 184.0

Himachal pradesh
a

49.4 Up and Uttaranchal 126.7

Jammu and Kashmir 71.4 Anthrapradesh 136.8

Karnataka 74.9 Tamil Nadu 112.5

Kerala 63.6 Gujarath 95.1

Madhyapradesh 55.0

Chattisgargh 46.5

Maharashtra 65.7

Rajasthan 40.5

(Fertiliser statistics, 2003-04)

The most optimistic estimates show that about 25 30 per cent nutrient needs o f  Indian 

agriculture can be met by utilizing various organic sources. Since the estimates o f  NPK 

availability from organic sources arc based on their total nutrient content the efficiency of 

these sources to meet the crop nutrient requirement o f  crop is not as assured as inorganic 

fertilizers.- Further on per kg nutrient basis organic manures and residues arc more 

expensive than inorganic fertilizers

With ever increasing population having huge requirement o f  food and meager availability 

o f  organic sources, pure organic farming is not feasible in India. The commercial 

fertilizers will remain to be the major source (Prasad, 2000)



Organic farming disaster in China

China attempted to impose organic farming regime nation wide in 1950s aiming at 

increasing food production without investing in fertilizer production. The Chinese 

intensified their traditional efforts to collect all animal manure and night soil besides 

gathering as much biomass as possible. There was hardly any input o f  nutrients from 

inorganic fertilizers. After several years o f  mass organic farming, China suffered an 

appalling famine with 30 millions o f  starvation deaths in 1959-60. Looking at the sources 

(organic and inorganic) from which Chinese mobilized plant nutrients (Table 12) it is 

apparent that 99.9 per cent nutrients came from organic sources in 1949, which gradually 

declined to 30.3 per cent by 2000 with concurrent increase in the use o f  nutrients from 

inorganic sources from 0.1 to 69.7 per cent. Also there was a corresponding increase in 

productivity o f  rice and wheat. This massive gain in food production without bringing 

additional area under cultivation was primarily inorganic fertilizer driven, and also due to 

utilization all available sources o f  organic nutrients. This lesson o f  utter failure o f  organic 

agriculture in alleviation o f  malnutrition and sustenance o f  high productivity has to be 

learned by other developing nations, particularly India (Chhonkar, 2004)

Table  12. P ropo rtion  of organic and inorganic  n u tr ien t  inpu ts  in total nu tr ien ts  

applied in d ifferent years  in C hina

Y ear Total NPK  

applied

Source of application Yield (t ha ')

Inorganic

1%)
O rgan ic  (% ) W h ea t

■

Rice

1949 4.32 0 1 99 9 0 74 2.40

1965 8 68 22 4 77.6 1.09 2,Q4

1975 14.94 32 7 67.3 1.39 3.51

1985 31.52 56.3 43.7 2.94 4.20

1990 40 86 63.4 36.6 3.15 5.72

2000 60.28 69.7 30.3 3 74 6.27

2005* 66,31 75.0 25.0

* projected (Chhonkar. 2004) v



The post independence India with population increasing at alarming rate and food grain 

production stagnating around 50 million tones was the object o f  mockery around world 

wide. The vision and collective efforts o f  planners, scientists and farmers proved these 

predictions wrong, leading to arousal o f  the country from ship to mouth status to self 

sufficient and food grain exporting nation. While listening to ecological fundamentalists, 

farmers and all those associated with agricultural sector must remember how India has 

traversed from famine to plenty and from humiliation to dignity. Any alternate technology 

will be welcome so long it ensures present and future food security.

Such alternate technology must answer few pertinent questions related to the food security. 

The questions include, what level o f  yield is acceptable? Is it acceptable for a country like 

India with a large population to feed? Are available organic sources o f  plant nutrients 

sufficient for pure organic farming? Are organic farming technologies are sustainable in 

long run?. Policy initiatives directed at reducing or eliminating the use o f  inorganic 

fertilizers will in long run prove disastrous for Indian agriculture.

Conclusion

Due to its lower productivity and high cost o f  production, organic farming will leave manv 

Indians hungry and malnourished Since “a hungry man is an angry man” (Swaniinathan, 

2003) mass hunger may even lead to social strife and unrest. As the requirement for 

feeding the burgeoning population, pure organic farming is not possible in India The gap 

between nutrient addition and removal causing the nutrient mining cannot be allowed to 

continue. Therefore, organic resources should be used in conjunction with inorganic 

fertilizers to narrow down this gap as well as to sustain ti c quality soil and achieve higher 

crop productivity.
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Discussion

Q: Which are the crops suitable for organic farming? And why?

A: Spices, Vegetables for house hold purpose etc. The crop which are more 

remunerative and has high export potential can be selected for organic farming. Most
m

important factor to be considered Is its market demand.

Q: What are the main organic certification agencies in India?

A: INDOCERT, Ernakulam and SKAL international, Banglore

Q: Response o f  high yielding varieties to organic farming compared to inorganic

farming?

A: High yielding varieties are more responsive to fertilizers and hence they respond 

well in integrated management system

Q: There are reports about increases in secondary metabolite content in certain 

medicinal plants in organic farming system when compared to inorganic farming, what 

may be the reason for this?

A: For the formation o f  secondary metabolites presence o f  certain micronutrients are 

necessary. Usually the straight fertilizers such as urea lack these and provide only the 

primary major elements. If we add poultry manure or compost, in addition to major 

nutrients they provide micro nutrients also. This will lead to proper functioning and 

utilization o f  secondary metabolite production system in plants,

Q: To maintain the soil health and crop yield what practice o f  nutrient management we 

should follow?

A: An integrated nutrient management system, combing all the sources o f  nutrients 

such as organic manures, biofertilisers and chemical fertilizers nrc req>>irprt for 

increasing the productivity o f  crops



A: Pokfcali rice, spices cultivation in high ranges

Q: Is there any problem spraying pesticides cropping systems?

A: I f  recommended pesticides or chemicals are sprayed in correct quantity, time and 

under the guidance o f  an expert there w on’t be any problem. But the over doses may 

cause problems.

Q: What is the major problem associated with organic farming and India’s food 

security?

A: The productivity in organic faming will be very' low. So the price o f  commodities 

will increase and poor Indian farmers may not able to purchase these at a higher price 

and result in poverty
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A b s t r a c t

India is the second largest populous country in the world next only to China. The 

present growth rate in population is 1.68 per cent per annum (Chanda, 2005). F o o d  

supply per capita in kilo calorie per day is lower in India compared lo many developed 

and even developing countries.

Organic agriculture avoids or largely excludes the use of  synthetic fe r t i l izers ,  

pesticides, growth regulators and livestock feed additives. Total nutrient supply insg 

potential o f  some important organic sources in the country as r e v i e w e d  by T a n d o n .  l ° ‘-r  

is barely sufficient to meet the gap between the nutrient N P K  addition t h r o u g h  fer t i l izers  

and nutrient removal by crops. Estimates show that about 25 - 30 per com nutrient n e e d s  

of Indian agriculture can be met by utilizing various organic s o u r c e s .  H o w e v e r  on unit 

nutrient basis, organic manures and residues are more e \ p e n s i \ e  than i n o r g a n ic  

fertilizers.

Due to its lower productivity and high cost of  production, organic farming will 

leave many Indian's hungry and malnourished. In the name of organic farming s c w e i a i  

myths are being propagated. The claims of better taste, quality, ficcdom from to>ic 

materials, better yield etc. are contentious issues and Chhonkai (2003) and hewavas 

(2004) discuss these claims as merely myths.

As (he requirement for food will continue to rise loi feeding the burgeoning 

population, pure organic farming depending on (he meager availability of organic 

resources is not possible in India. The jommcrcial fertilizers will continue to be the 

major source (Chhonkar, 2003). The gap between nutrient addition and removal causing 

the nutrient mining from soils cannot be allowed' to continue. Therefore, organic
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Introduction

A homestead is an operational farm unit, in which a number o f  crops are grown with 

livestock and/or poultry mainly for the purpose o f  satisfying the basic needs o f  farmers. 

Home gardens can be found in almost all tropical and subtropical ecozones where 

subsistence land use systems predominate.

Crop production in small holdings adjacent to human settlements is the oldest and most 

enduring form o f  cultivation. Farmers utilize the land in and around their homes to 

undertake different agricultural enterprises. It resembles a multistoried cropping system 

withy the tree component occupying the uppermost vegetation and the agricultural crops, 

the lower most layers.

Homestead farming or Home gardens are common in the State o f  Kerala, where the 

average size o f  the farm holding is quite small This type o f  homesteads has been one or 

the survival strateuies o f  the traditional farmers of  Kerala since time immemorial. The 

traditional home garden had tremendous structural and functional diversity with crops, 

livestock and other subsidiary enterprises like apiculture, sericulture and agro-based 

cottage industries Unfortunately these home gardens are on the \e rge  o f  disappearance 

due to a shift in favour o f  perennial cash crops, lack o f  family labour and high cost of  

labour Homestead gardens known to be repositories o f  biodiversities have not been 

studied and documented much The strategy o f  reintroducing homestead farming 

research has been thought upon to alienate nutritional and financial insecurity by 

incorporating variety o f  crops and by securing sustainable food production and access to 

the same

Homestead farming can be seen as attempt o f  combining the farm related enterprises for 

financial, nutritional and food security to a wide range o f  population It was often 

neglected due to its complex nature and sophisticated structure but now being revived by 

planners for its significance as low external unit being felt widely and maneuvering o f  the 

existing homesteads in the desired direction for it sustainability



The home and its adjoining land owned and occupied by the members o f  dwelling unit, 

including the immediate area surrounding the dwelling unit used for cultivation o f  trees 

and vegetables and unused space if  any (Hanman, 1986).

Home gardens were defined as “man made forest fitted to family needs (Soemarwoto, 

1984).

A homestead is an operational unit in which a number o f  crops are grown in 

conjunction with livestock, poultry and/or fish mainly for the purpose o f  satisfying 

farmer’s basic needs (Tejwani, 1994)

Homestead farming in different countries

Found in almost all tropical and subtropical ecozones where subsistence land use 

system predominates In Asia, the home garden system is common in Indonesia, The 

Philippines, Cambodia, Malaysia, Vietnam, Thailand, Bangladesh. Sri Lanka, Nepal 

and India (Landauer and Brazil, 1990)

Homestead agroforesry in Bangladesh

These are often called as 'homestead forests’, since they play vital role in supplying 

timber and fuel needs o f  Bangladeshi people A typical farm in Bangladesh contains an 

extended family unit which lives in a 'hari' The hah  contains several houses for the 

different sub families, vegetable gardens planted and maintained by female members 

and is surrounded by fences and/or trees and shrubs (William and Kibriaul, 1987).v.



Kandyan gardens represent a home garden system practiced in small holdings, o f  an 

average size o f  1 ha, in Srilanka, mainly in Matale and Kurunegalle districts. This 

centuries old system consists o f  mixed cropping with a variety o f  trees and perennial or 

semi perennial shrubs such as spices, fruit trees, medicinal plants and timber species,

where the components are arranged randomly. In most o f  the farms the base crop will
/

be either coffee or arecanut (Jacob and Alles, 1987):7

In the homestead gardens, fences o f  Gliricidia sepium are used, while in the intermediate 

and dry zones kapok is used (Bombax malabaricum). The canopy cover in this system is 

not dense, ranging from about 25% to 75% o f  the area o f  the homegarden. Animals such 

as cattle, goats and chickens are reared in these systems; goats are particularly common 

in the dry zones Leucaena leucaccpha/a spp grows profusely in the dry- zone 

homegardens, increasing soil fertility and providing food and fodder In some dry-zone 

homestead gardens the 'drumstick' tree, known locally as munmga (Monnyci o/cifcm), is 

grown in the form offences or hedges In other systems. Seshanui gra/h/iflum  is planted

The Chaf’f’a hom cgardens  of North T anzan ia

These types o f  home gardens are characterized by an intensive integration o f  numerous 

multi purpose tress and shrubs with food crops and animals, simultaneously on the same 

unit o f  land The 'c h a ^ a ' are skilled farmers with an intimate knowledge about the 

crops and their ecological requirements They have good idea about functions and uses 

o f  the plant species on their farms flic great diversity provides for both subsistence 

and cash crops. It enables the farmer to keep his management options open and 

provides insurance against drought, pests and economic risks (Fernandes et al., 1984)



Compound gardens are homestead type o f  agro forestry system involving the deliberate 

management o f  multipurpose trees and shrubs in a multistoried association with 

agricultural crops and livestock with in the compounds o f  individual houses. In 

addition to the advantages o f  diversified production, risk minimization and improved 

use efficiency o f  resources, compound farms represent germplasm banks containing 

many o f  the useful tree/shrub species currently disappearing due to indiscriminate 

clearing o f  forests and woodlands (Okafor and Fernandes, 1987). '

The home gardens  of A n d a m a n  and  N icobar  islands

Home garden Andaman and Nicobar Islands were under complete forest cover in 1691 

when man first colonized the Islands After independence, union government o f  India 

adopted an urgent programme o f  colonization in Andaman for the purpose of 

rehabilitation o f  refugees o f  East Pakistan, Sri Lankan repatriates, Burma repatriates. land 

less people from different parts o f  country and ex-serviceman families The settlers were 

provided 2 ha o f  paddy land, 2 ha o f  hilly land and o I ha land for house construction 

Settlers raised coconut, arecanut and fruit trees in the premises o f  their houses, which 

developed gradually into home garden and became a permanent system of rural economy 

Presently, home garden/homestead agro forestry is found in more than 50,000 ha land in 

the islands (Ghosh, 1994) /

Homesteds o f  Kerala

In India, homestead is mostly popular in Kerala as it enjoys an equatorial climate which 

supporting variable plant species and where land holdings are below 0 5 ha in size as 

against, national average o f  1.69 ha. It is especially applicable in areas where 

fragmentation o f  land and population pressure on scarce land is seen. In such cases both 

vertical and horizontal spaces can be efficiently utilized to generate income. Kerala’s 

homestead is unique being more or less coconut based with an array o f  intercrops



resulting in multistory cropping system, thereby efficiently harnessing solar energy and
v

using soil moisture and nutrient (Fernandes and Nair, 1986). Homestead farming can be 

seen as attempt o f  combining the farm related enterprises for financial, nutritional and 

food security to a wide range o f  population.

Characteristics o f  homesteads

J
Ruthenberg (1971) distinguished homestead cropping from arable cropping by the 

following features which are usually, but by no means in all cases, found simultaneously:

•> cropping those plants for personal consumption that cannot be collected nor 

supplied by arable farming 

•> small plots

v  proximity to the house

•> fencing

•t* mixed or dense planting o f  a great number o f  a n n u a l ,  semi-permanent, and 

perennial crops 

•> a high intensity o f  land use

•> land cultivation several times a year

•> permanence o f  cultivation and

•> cultivation with hand implements.

Classification of  Hom esteads

Based on physiographic features o f  the land and the components involved Salam. cl.al, 

(1995) classified the homesteads o f  Kerala in to five groups. These are

• Uplands with crop components alone 

Uplands with crops and livestock

• Uplands and adjacent low lands (with crop components)

Uplands and adjacent low lands (with crop and portents)



• Uplands and adjacent low lands and backwaters (with crops, livestock and agro 

based industries)

Structure of  homesteads in Kerala

The homesteads o f  Kerala evolved in response to the pressure o f  shrinking land resource 

base coupled with a high population density, which necessitated a conscious attempt from 

the part o f  farmers to achieve their goals with in biophysical, ecological and economic 

constraints. High density farming involving several species o f  seasonal, annual and 

perennial crops thus evolved to meet their demands and to achieve highly efficient use of  

natural resource

The selection and inclusion o f  crops are influenced by climate, household preferences, 

requirements and dietary' habits o f  the family

Coconut is the base crop in most o f  the agro climatic areas, except in high ranges. The 

spaces between coconut palms are used to raise an array o f  inter crops, resulting in a 

multistoried cropping patter with distinct canopy stratification Thus, perennial crops 

such as coconut, arecanut, jack, mango, cashew, tamarind and forest tree species occupy 

the upper layer Pepper, clove, nutmeg, cinnamon etc occupy the second layer Banana, 

cassava, yam etc occupy the third layer. The resultant canopy architecture otlen 

approaches that o f  a tropical rain forest in its structure and species diversity (.Shehana et 

al., 1992)

The homesteads o f  Kerala very often combine crops with livestock rearing, where the 

components interact synergistically to sustain productivity (Salam and Srcckumar, 1990) 

Cows, buffaloes, goats, fishes and poultry are the most common livestock The animal 

components play a vital role in maintaining nutritional status o f  the family members and 

also provides additional income by the sale o f  milk, egg and kids. The manure and litter 

o f  the livestock provide renewable sources o f  organic matter and plant nutrients and help
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to reduce the dependence on chemical fertilizers, resulting in a high degree o f  organic 

recycling.

Mangroves form an essential part o f  the homesteads o f  backwater areas in the low lands

o f  Kuttanad, Pokkali and the coastal tracts o f  northern zone. The mangroves protect the 

homesteads from mud and sand washed down by rivers and also from high tide. Often 

they constitute the boundaries between homesteads.

same agro climatic zone. This can generally attributed to the differences in the socio 

economic conditions o f  the house hold and their responses to the externally determined 

changes, particularly prices o f  inputs and products.

The components are so intimately mixed in horizontal a n d  ve r t i c a l  strata, as  wel l  as in 

time, which causes a complex interrelations and i n t e r d e p e n d e n c e  o f  the  c o m p o n e n t s ,  t ha t  

leads to over all sustainability o f  th e  s y s t e m  F i g u r e  I r e p r e s e n t s  t h e  s c h e m a t i c  

presentation o f  the interaction a m o n g  m a j o r  c o m p o n e n t s  o f  th e  h o m e s t e a d  s y s t e m

Fig. I Schematic  rep resen ta t ion  of energy How in the homesteads  system

Wide variation in the components and cropping intensity exist between homesteads on

2 BUFFALOES
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The size o f  the homesteads in Kerala varies from 0.04 ha to 3.6 ha with an average of  

0.33 ha per holding. 95 per cent o f  homesteads have a size o f  0.80 ha (fig. 2). Majority 

(58.25%) o f  the holdings are small sized. This is followed by very small holdings which 

constitute 37 per cent. The large sized holdings (>2.0 ha) constitute only 1.25 per cent
K-r

(John, 1997). Between agro ecological regions there are difference with respect to 

holding size. The maximum was notices in high ranges (0.55 ha) followed by midlands 

(0.32 ha) (Table 1). This difference may be due to the difference in population density, 

which is highest in the mid lands

Fig. 2. Average size of homesteads in Kerala

Size of homesteads in Kerala

□ Verysmatl 

0 Small

□ Large



Table. I. Difference in holding size and species diversity of the homesteads in 

different agroecological regions

Attribute
Average per home garden

High land Low land Mid land

Area (ha) 0.55 0.23 0.32

Total No. o f  plants 765 139 386

No of  species 14 13 15

(John, 1997)

Physical and chemical  properties  of  homestead soils

Good soil is essential for a g o o d  h a r v e s t  1 he phys ica l  a n d  c h e m i c a l  p r o p e r t i e s  o f  t h e  soil 

make it ideal for crop p r o d u c t i o n  Soil  m u s t  h a v e  all t he  n u t r i e n t s  n e c e s s a r y  fo r  plant  

growth The soil structure m u s t  ho ld  e n o u g h  air a n d  w a t e r  fo r  p lan t  r o o t s ,  bu t  must a l l o w  

excess wafer to drain away

Physical and chemical properties o f  homestead soil were compared with that o f  an open
i/

soil by Issac, (2001) The results shows that the homestead soil has got a low bulk 

density and higher water holding capacity as compared to open soil, which makes it ideal 

for supporting more number o f  crops (Table 2) The organic carbon and organic matter 

contents, the most important soil parameters which decides its fertility status were higher 

in homesteads (Table 3).



P a ra m e te r H omestead O pen

% moisture 12.37 12.69

BD (g cm-3) 1.21 1.27

PD (g cm-3) 2.46 2.45

MWHC (%) 42.75 35.82

Tabic  3. Chemical properties  of homesteads

P a ra m e te r Homestead Open

Organic carbon (%; 0.71 0 41

Organic matter (%) 1 21 0 70

pH 5 80 5 70



The farmers deliberately retain and manage numerous species o f  crops and trees in their
V

homesteads. According to a survey conducted by Babu et al., (1992) the number o f  each 

species in each homestead vary from 5 to 40. The species diversity is a deliberate 

strategy aimed at producing harvests through out the year, so that there will be always 

some product o f  economic value available for household use or cash sale. Species 

diversity is also well planned in terms o f  pest and disease management risk aversion and 

efficient use o f  natural resources. Table 4 shows the relative pre dominance o f  different 

crop categories in relation to holding size.

It can be seen from table 5 that a reduction in the holding size has led to an intensification 

of cultivation In such situation it is common to increase the intensity o f  trees (Nair and 

Krishnankutty, 1984)

Table 4. Relative dom inance  of different crops with respect to holding size

Category
Very small 

(0 .02-0.2 ha)

Small 

(0.2-0.8 ha)

M edium  

(0 .8-2.0 ha)

! Large 

(>2.0 ha)

Oil seeds 21 70 14 40 47 SO 4 40

Fruit crops 10 80 lo 00 7 50 54 70

Tuber crops 41 00 47 00 00 80 10 20

Spices 5 20 4.50 1 30 1.70

Vegetables 3 50 4 20 0 60 0 20

Timber and fuel trees 3.20 3 60 0.50 0 40

Fodder crops 0 70 2.00 0.50 0

Miscellaneous 2 60 0 90 3 50 0 80



Size of holding (ha)

Mean tree 

cropping 

intensity*

Mean No. of 

trees/ha

Very small (0.02-0.2) 51 621

Small (0.2-0.8) 38 277

Medium (0 8-2.0) 27 212

Large (>2 0) 23 121

*% o f  total area occupied by the tree canopy

( N a i r  an d  K r i s h n a n k u t t y ,  1084)

Interaction between components

A typical homestead with a multitude o f  crops presents a multi tier canopy configuration 

Under such situation it is natural to occur some sort o f  interactions These may he either 

synergistic or antagonistic Competition occurs mainly for light, nutrients and water To 

avoid the competition for sunlight the leaf canopies of  components ate arranges in such a 

way that they occupy different vertical layers, with the tallest component having the 

foliage tolerant to strong light nnd high evaporative demand and shorter component 

having foliage requiring or tolerating shade or high humidity (Nair. 1088) /

Where ever coconut is present as the dominant component intercrops that arc grown vary 

with the age and canopy size o f  the coconut Table 6 . Shows the percentage light 

infiltration in a coconut based homestead situation



Tim e (hrs) Radia t ion  (micro moles m ' V 1)

10-11 272.8

11-12 365.9

12-13 216.2

13-14 196.4

14-15 173.9

15-16 186.7

Total 1411.9

Percent 48.8

(Abraham, K 1993)

Allelopathy

In a multistory cropping plant to plant interaction involving allelopathy arc presumed 

The accumulation o f  tree litter on the soil under agro forestry system o f  fanning could 

have negative efTects on the agricultural crops Consequently seed germination and 

establishment o f  certain crops may be inhibited (Table 7)

Trees are rich sources o f  secondary metabolites and these chemicals impose certain kind 

o f  environmental stress on other plants growing in their vicinity, by a phenomenon called 

‘tree allelopathy’.



Table 7. AUelopathic effect of leaf extracts of different tree species on cowpea

Treatment Germination (%) Plumule length (cm) Radicle length (cm

Acacia 74.7 8.93 3.93

Albizzia 89.3 4.70 1.27

Leucaena 85.3 2.50 3.37

Jack 86.7 10.30 7.90

Mango 89.3 3.23 4.03

Ailanthus 81.3 1.87 0.40

Tamarind 68.0 4.30 0.90

Nutmeg 88 0 6 . 0 7 5 . 2 7

Cashew 7 7  3 3 .23 0 .93

Control 95  0 12.03 8 . 7 0

( J o h n .  1097)

Tannina p r e s e n t  in the  plant  p a r t s  h a v e  h e e n  ident i f i ed  a s  th e  m o s t  e f f e c t iv e  s u b s t a n c e  

causing a l l e l o p a t h y  T h i s  m as  be  the  l e a s o n  foi the  s e v e r e  s u p p r e s s i o n  c a u s e d  by 

ailanthus, cashew a n d  t a m a r i n d  w h i c h  has  ve ry  h igh  t an n in  c o n t e n t  in the i r  l e a v e s

Micro cl imate in homesteads

The micro climate in a homestead system varies widely when compared with a pure crop 

system or in an un cropped land Trees act as a buffer against drastic changes in the 

climate and also play a predominant role in amelioration o f  the micro climate

Relative hum id i ty

Relative humidity is an important factor indirectly influencing crop yields, by bringing 

changes in the rates o f  evapo transpiration and by incidence o f  pests and diseases The



relative humidity in the homestead is always higher than in open (Mathew, 1993). Nair
J

and Balakrishnan (1977) reported that shading reduces the air temperature in crop 

communities and the resultant higher relative humidity values causes considerable 

reduction in the rates o f  evaporation. They also reported that the evaporation in the 

ecoclimate o f  crop combination is always 30 per cent less that o f  open area and the main 

reason for this is the higher values o f  relative humidity in crop combinations

Soil temperature

The soil temperature in the homestead is always lower than the open condition. This may 

be due to less exposure o f  bare soil The tree canopies and ground crops help to reduce 

temperature at the soil surface during summer months and crop combinations act as 

buffer against drastic changes in the micro climate Ramakrishna and Sastri (1977) 

observed that the air and soil temperature were lower under crop canopies

Light intensity

Solar radiation is the ultimate source of  energy lor all plants The leaf canopies in a 

typical homestead are arranged in such a way that they occupy different vertical layers, 

with the tallest component having the foliage tolerant to strong light and high evaporative 

demand and shorter component having foliage requiring or tolerating shade or high 

humidity

The light intensity available at the floor o f  the different tree species in the home garden 

are very low Thus, the light available for the crops grown in the inter spaces under the 

canopy o f  trees are much less of  what is required for it's potential photosynthesis (Table 

8) One o f  the main reasons for low productivity of  most o f  the seasonal and annual 

intercrops grown in homesteads might be the lower availability o f  solar radiation (Bai, 

1981)



Shade

intensity

(%)

C ro p  yield (t h a '1)

G inger T urm er ic Coleus
Sweet

potato

0 21 49 34 8

25 22 49 27 2

50 20 53 20 0.14

75
i

14 29 10 0

Nutrient recycling in homesteads

O n e  o f  the  m a i n  p r i n c ip l e s  in soil  m a n a g e m e n t  m h o m e s t e a d s  is to  m a k e  the  bes t  u s e  o f  

r e s o u r c e s  T h e r e  fo r e  it is e x t r e m e l y  use fu l  to h a v e  a n u t r i e n t  b u d g e t  fo r  the  w h o l e  

s y s t e m  b a s e d  o n  t h e  nu t r i e n t  d y n a m i c s  o f  the  s y s t e m

N u t r i e n t s  t a k e n  u p  by  the  p l a n t s  a re  e i t h e r  s t o i e d  in the  s t o r a g e  c o m p a r t m e n t s  o r  a r e  u s e d  

for  the  p r o d u c t i o n  o f  n o n  s t o r a g e  o r g a n s  Par t  o f  the  n u t r i e n t s  a r c  t a k e n  u p  by  th e  p l an t s  

a re  r e t u r n e d  t o  t h e  soi l  t h r o u g h  t w o  w a y s

*  through litter fall

*  through the process o f plant cycling

Plant cycling represents that part o f total uptake o f nutrients which is again leached out 

from the vegetative parts through crown as canopy tlrip and stem flow The presence o f 

this fraction which is circulated with in the ecosystem is a sort o f necessary waste (Nair,



1979) and it must be encountered while calculating nutrient budget in planting 

communities.

Litter fall and nutrient addition in homesteads

In a homestead system with number o f  tree components the major source o f  organic 

matter addition to the soil is in the form o f  litter fall. Table 9 depicts the amount litter fall 

and addition o f  major nutrients to soil.

Table 9. L it ter  fall and  nu tr ien t  addit ion in homesteads

Tree species
Lit ter  addit ion 

(kg ha 1 tree 1)
i\ (kg h a 1) P (kg h a 1) K (kg h.i ')

Jack 103 1 1 22 0 05 0 3

Mango 102 4 1 07 0 05 0 3 5

Cashew 73 30 0 00 0 04 0 16 i

Tamarind 10 02

_ _«-w_ _ - _ . - .

0 27 0 12 0 05

Mahagony 0 20 0 07 () 002 0 03

Ailanthus 0 K7 0 17 0 004 0 3 3

Total 3 1 1 04 1 70 0 200 1



Tabic 10. Half life values of tree litter under open and homestead condition

Tree species condition Half life (Days)

Mango
Open 108

Homestead 90

Jack
Open 93

Homestead 63

Cashew
Open 90

Homestead 78

T i m e  r e q u i r e d  fo r  d e c o m p o s i t i o n  o f  t r e e  l ea ves  w e r e  l o w e r  in h o m e s t e a d s  c o m p a r e d  to 

tha t  in o p e n  ( T a b l e  10) T h i s  d i f f e r e n c e  in t ime  m a y  b e  d u e  to  th e  d i f f e r e n c e  in m i c r o  

c l ima te  p re v a i l i n g  b e n e a t h  t h e  t r ee  c a n o p i e s  w h i c h  c r e a t e s  a c o n g e n i a l  e n v i r o n m e n t  for  

the  ac t iv i ty  o f  soil  f a u n a  an d  f lora,  t he  c h i e f  d e c o m p o s i n g  o r g a n i s m s  ( T a b l e  1 1)

Table 11. C oun t  of cnrlli worm (m ') and microflora (g soil ') in soil on ja c k  litter 

decomposition

Organism Open

— —---------- —-  —  ---------------  - - — ■ -------------------------— --------------------------------------------1

Homestead

Earth worm 26 2 27.97

Fungi fx I O ') 17 43 24 90

Bacteria ( x l 0r’) 21 80 30 54

Actinomycets ( x I O  ) 10 15 12 57



Nutrient addition through stem flow and canopy drip

In addition to litter fall stem flow and canopy drip are the two important avenues of 

nutrient addition to soil. Rain striking on the plant surfaces causes leaching o f  nutrients 

from the plant parts either as stem flow or canopy drip and add substantial quantities of 

nutrients to soil. The studies conducted reveals that coconut ids the crop which add 

maximum amount o f  nutrients to soil in this way (Table 12).

In general about 60 kg N, 21 kg P and 31 kg K is added per hectare o f  homestead by 

various components (Table 13).

Table 12. N utr ien t  addit ion  th rough  stem flow (g t ree ’1)

Tree N P K

Mango 0 72

fc----------- 1-------------------T ■  ------ ,-------- —

0 17 1.06

Jack (J 92
“  "■ "" —- ■ r" ——  ̂ ■» i 

0 12 I 30

Coconut 8 69 0 ss 12.02



Source N (kg h a 1 year'1) P (kg ha' 1 year'1) K (kg ha' 1 year'1)

Organic

manures
49.17 19.11 21.22

Litter fall 8.49 2.00 6.37

Through fall 2.05 0.30 3.18

Stem flow 0.01 0.01 0.02

Total 59.72 21.41 30.79

Major differences between homestead agriculture and commercial  

agriculture

Characteristics Homestead Commercia l

*  Holding size E x t r e m e l y  smal l I a r u e

*  Major objective M e e t i n g  h o m e  d e m a n d I n c o m e  u e n c r a t i o n

*  Resource use level Intensive Extensive

X Species Diversity High Low

*  Nature o f  cropping Polyculturc Single crop

X Characteristics Homestead Commercial

X Integration o f  farm



Nutrient recycling High Low

Purchased inputs Low High

+ Sustainability High Low

4* Market linkage Poor Well developed

Scope for im provem ent  o f  homesteads

Even though homesteads are considered as the hall marks o f  staggered settlement pattern 

in Kerala and are the most vulnerable heritage that influences the unique living standards, 

cultural identity and other socio economic features (Peter and Rao, 2005), these home 

gardens are on the verge o f  disappearance due to a sliift in favor o f  perennial cash crops, 

lack o f  family labour and also high cost o f  labour Since small holdings are inevitable in 

densely populated developing countries fine tuning and diversification o f  homesteads by 

integrating new technologies to the existing traditional methods are essential to make it 

economically viable and socially acceptable Some of such interventions include

1 Correcting the farmers’ practices- with respect to spacing, manures and fertilizers 

application, plant protection methods etc

2 Increasing cropping intensity by adding new crops like introduction o f  suitable high 

value crops such as cardamom, vanilla, medicinal plants and tree crops like teak, 

mahagony etc in tom suitable areas

3 Integrating new enterprises as subsidiary source o f  income to the farmers as apiary, 

poultry, mushroom cultivation, nursery and floriculture



5. Promoting the recycling o f farm waste by introducing farm composting, 

vermicomposting, bio gas plants etc. in to the homesteads and thereby increase the use of 

organic manure.

6 . Integration o f  high yielding varieties o f  crops and livestock and there by increase the 

productivity and profitability

7 . addition o f  fodder component in to the system and there by reducing the cost of 

livestock rearing

8 Promotion o f  scope for processing o f  farm products and production o f  value added 

products such as squash, jam etc

9. Farm mechanization -  using labour saving, user friendly and drudgery relieving 

implements such as coconut husking tool, jack fruit harvester, tree basin lister etc

10 Developing better market l i n k a g e s  and  p r o v i d e  b e t t e r  c re d i t  faci l i t ies

Results of  a project undertaken at Kerala Agricultural Universitv with the objective of 

developing integrated farming models for resource use efficiency in the homesteads 

(Regeena et a l , 2004) shows that coconut based homesteads o f  Keiala has tremendous 

scope for improvement and profit maximization through meaningful interventions in 

technology and management As a result of  various interventions, on an average the 

number o f  crops per homestead increased from one to five, the cropping intensity 

increased from 92 to 212 Consequently the there was an increase in the number of 

labour hours used as well as in the net farm income Table 14 Shows the improvement 

in the component and system productivity achieved by the integration o f  new components 

in to the cropping system So with the integration o f  new components in to the 

homesteads it is possible to make the system more productive, protective, economically 

viable, adaptable and sustainable



Tabic 14. Component and system productivity of different integrated farming 

systems

Farming

system

Component productivity (kg) System 

productivity 

(kg ha'1)

%

increased 

over CCS
Crop Poultry Pigeon Fish Goat

Cropping

alone
12995 - - - 12995 -

Crop + 

Fish + 

Poultry

26352 1205 - 2052 29609 128

Crop +■
i
1

Fish + 

Pigeon

24854 - 2545
-  -

1774

-  — -  - j 

1075

20173
|

124

Crop +■ 

Fish + 

Goat

25725 i - - 0070 5 7o 7 o 1°0



Conclusion

Homesteads have proven to be the most productive units that ensure conservation of 

biodiversity, resource recycling, water and energy use efficacy and ecological 

sustainability.

Almost all the homegarden systems have evolved over time under the influence of 

resource constraints. These include population pressure and consequent reduction in 

available land and capital. Moreover, physical limitations such as remoteness o f  the area 

force the inhabitants to produce most o f  their basic needs by themselves, and lack of  

adequate market outlets compel the farmers to p r o d u c e  some portions o f  everything they 

need.  Scientific attention ha s  s e l d o m  f o c u s e d  o n  i m p r o v i n g  t h e s e  t r a d i t io n a l  systems. 

Scientists who are n o t  familiar w i t h  t h e m  d o  no t  rea l i ze  the  i m p o r t a n c e  a n d  po ten t i a l  

contribution o f  these s y s t e m s  to  the  f r a m e w o r k  o f  a g r i c u l t u r a l  d e v e l o p m e n t .  O t h e r s ,  w h o  

are under the i n f lu e n c e  o f  the  t r ad i t i ona l  o u t l o o k  o f  m o n o c u l t u r a l  a g r i c u l t u r e ,  c o n s i d e r  

homegardens to be  v e r y  s p e c i a l i z e d  s y s t e m s  a d a p t e d  to  s u b s i s t e n c e  l a n d - u s e  and  

structurally t o o  c o m p l e x  to  be  su i t a b le  for  m a n i p u l a t i o n  a n d  i m p r o v e m e n t

H o m e g a r d e n s  a r e  v e r y  c o m p l e x  s y s t e m s  wi th  a very'  s o p h i s t i c a t e d  s t r u c t u r e  and  a la rge  

n u m b e r  o f  c o m p o n e n t s  F a r m e r s  w h o  p r a c t i c e  h o m e g a r d e n  s y s t e m s  a r e  g u i d e d ,  in the  

a b s e n c e  o f  a un i f i ed  set  o f  e x p e r t  r e c o m m e n d a t i o n s ,  by  th e n  o w n  p e r c e p t i o n s  and 

c o n v i c t i o n s  a b o u t  s p e c i e s  se l e c t i o n ,  a d m i x t u r e ,  an d  m a n a g e m e n t ,  so  tha t  e a c h  f a r m  uni t  is 

a s p e c i a l i z e d  e n t i t y  in i t s e l f  T h e s e  i m p o i t a n t  s y s t e m s  d e s e r v e  m o i e  s e r i o u s  a t t e n t i o n  A 

s y s t e m s  a p p r o a c h  s h o u l d  p r o v i d e  the  bas i s  for  r e s e a r c h  o n  h o m e g a r d e n s .  a n d  s h o u l d  

inc lude  s t u d i e s  o f  b o t h  b io l o g i c a l  a n d  s o c i o e c o n o m i c  a s p e c t s

Since small holdings are inevitable in densely populated developing countries, fine tuning 

and diversification o f  homestead farming system, integrating new technologies to the 

traditional methods and maximum utilization o f  existing methods are essential to make it 

economically viable and socially acceptable The better utilization o f  such system will 

help to solve the problem of  rural unemployment to a greater extent
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Discussion

1. Which variety o f  fish you recommend for homesteads?

Rohu, Catla

2. Scope o f  terrace cultivation in homesteads?

Terrace cultivation can be successfully recommend for urban areas where there is 

scarcity for land for cultivation. This system will help the urban people to get 

fresh fruits and vegetables.

3. What are the ideal tree crops for homesteads?

Multipurpose trees like jack, mango, tamarind etc are more ideal. Also we can 

include trees like teak, Machanuicha etc.

4 In India, which are the states where homestead cultivation is practicing9

Kerala is the major state, then also in West Bengal and north eastern parts o f  India

5 What is plant cycling9

Plant cycling represents that part of  total uptake o f  nutrients which is again 

leached out from the vegetative parts through crown as canopy drip and stem 

flow The presence o f  this fraction which is circulated with in the ecosystem is a 

sort o f  necessary w aste

6 Scope o f  kitchen garden in homesteads9

In almost every homestead there will be a kitchen garden, but may not be in the 

scientific manner People grow vegetable crops like cow pea. drumstick, curry 

leaf, bhindi, hrinjal, chilly, lab lab bean etc depending on the preferences of  the 

family members

7 Describe your homestead

The size o f  my homestead is only 5 cents Four coconut palms, two three clumps 

of  palayankodan banana, one curry leaf plant, few mounds o f  colacassia are there 

In addition to these we cultivate vegetables on the terrace o f  my house

8 Scope o f  vermicomposting in homesteads

Vermicomposfing can be successfully practiced in homesteads. This will help to 

solve the problem o f  waste disposal and at the same time will give high quality 

compost



List of some crop species found in the homesteads of Kerala

Scientific name

Amaranthus sp.

Emblicci officinalis

Common Name 

Amaranthus 

Aonla 

Arecanut 

Arrow root

Bamboo 

Banana 

Betel vine 

Bhendi 

Bitter gourd 

Black pepper 

Bottle gourd 

Bread fruit 

Bnnjal 

Cacoa 

Cardomom 

Cashew nut 

Chilli

Chinese potato

Cinnamon

Clove

Coconut

CofFee

Cow pea

Cucumber

Custard apple

Dioscorea

Drumstick

F.lephant foot yam

Areca catechu 

Mciranta arundinacea 

Bambusa arundinacea 

Musa paradisiaca 

Viper betel

A helmoschus esculent us 

Momordica charantia 

Viper nigrum 

Ixigenaria siceraria 

Artocarpus altihs 

Solatium mclonuma
o

/  heobrnma cacao  

I Ict/iirni cardamomum  

Anacardium occnlentale  

( 'ap.sicum annuum 

( Oleii\  parvifloru.s 

( 'innamomum zyhuucum  

Svzvvium aromatii urn 

( 'ocas nucifera 

( 'offea spp.

Vigna unguicu/ata 

Cucumis sativus 

A nnnna squamosa 

Dioscorea spp.

Moringa ole i f  era 

A morphophallus companulatus



Erythrina Erythrina indica

Garcinia Garcinia indica

Giant taro Xanthosoma sp.

Ginger Zingiber officinalis

Glyricidia Glyricidia sepium

Guava Psidium gnaja\’a

Guinea erass Panictim maximum

Jack Artocarpus heterophyllus

Lemon grass Cympopogon citrains

Lemon Citrus lemon

Little gourd ('occinia grandis

Mango Mangifera indica

Mung bean J igna radiate

Napier grass / 'emuseturn purpureum

Nutmeg A fynstiea fragrans

Orange ( itrus au/anfia

Papaya ( \inea papaya

Passion fruit / ’. is si flora edulis

Pigeon pea f d/anus cajan

Pineapple A nanus comosus

Pummclo ( 'itrus grandis

Pumpkin ( 'ucurhita moschata

Ridge gourd 1 uffa in utangu/a

Rubber Hcvea brazihcnsts

Sapota A t hrus sapota

Snake gourd Trichosantfws anguim i

Sweet potato fpomoea batatas

Tamarind I am aril u /us it u lici /

Tapioca Manihot esculenta

Teak Tectona grandis

Tomato Lycopersicon esculcntum
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Abstract

A homestead is an operational farm unit, in which a number o f  crops are grown 

with livestock and/or poultry mainly for satisfying the basic needs o f  farmers. Home 

gardens can be found in almost all tropical and subtropical ecozones where subsistence 

land use systems predominate. The kandyan gardens o f  Srilanka, homestead agroforestry 

in Bangladesh, chaggci gardens o f  North Tanzania, home garden agriculture in Kerala etc. 

are some of the time tested homestead systems in various reuions of  the world
j  '— .

Homesteads are hallmarks of  the .staggered settlements in Kerala and are the most 

vulnerable heritage that influences the unique living standards, cultural identity and other 

socio economic features (Peter and Rao, 2<>0 \)  l he homesteads of  Kerala evolved in 

response to the pressure o f  shrinking land resource base coupled with high population 

density, which necessitated a conscious attempt from the part o f  tanner to achieve their 

goals with in biophysical, ecological and economic constraints (Salam, ct a ! , 190S)

The selection and inclusion o f  crop components are influenced by the climate, 

household preferences, requirements and dietary habits In Kerala coconut is the base 

crop in most o f  the agro climatic areas, except in high ranges The spaces between 

coconut palms are used to raise an array o f  inter crops, resulting in n multi tier cropping 

pattern with distinct canopy stratification (Salam and Sreekumar, 1900) The leaf 

canopies are arranged in such a way that they occupy different vertical layers, with the 

tallest component having foliage tolerant to strong light and high evaporntive demand and



Mixed farming system in homesteads leads to substantial improvements in the 

physical and biological characteristics o f  the soil. The use o f  waste materials for feeding 

the cattle, poultry and fish results in efficient recycling o f  these wastes. The animal 

component plays a vital role in maintaining the nutritional status o f  the family members 

and also provides additional income by the sale o f  milk, egg and kids (Nair, 1983).

Like any other production system, homestead farming does not remain static over 

time and space. Unless the homestead’s dynamics are directed in the right path, there is 

imminent danger to the sustainability o f  the system Since small holdings are inevitable 

in densely populated developing countries fine tuning and diversification o f  homestead 

farming system by integrating new technologies to the traditional methods and maximum 

utilization o f  existing methods are essential to make it economically viable and socially 

acceptable
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1. Introduction

Crop residues are parts o f  plants left in the field after crops have been harvested 

and threshed or left after pastures are grazed. These materials have at times been 

regarded as waste materials that require disposal, but it has become mcieasmgiy 

realized that they are important natural resources and not wastes.

Soils in India are often not only thirsty but also hungry. The addition o f  organics 

in the form o f  crop residues plays an important role in the maintenance o f  soil fertility 

by improving physical conditions o f  soil for sustaining better plant growth. Therefore, 

what is needed is a reduction in the use o f  market purchased inputs and not of  inputs 

per se It is in this context that integrated systems o f  nutrient supply assume 

importance

Components  of crop residues

1 Harvest refuses

Eg straw, stubbles, stover, etc

2 Process wastes

Eg coir pith, groundnut shell, rice luisk etc

2. Crop residue potential in India

A large number of  crops arc grown annually in India After making use of 

their economic parts, the remaining portion is mostly wasted except in a few crops 

The potential o f  crop residues of  major cereals, oil seeds and commercial crops for 

recycling o f  valuable plant nutrients for sustained crop production is enormous



State
Crop residue production 

(million tonnes)
Available for incorporation 

(million tonnes)

U P 60.00
•

26.00

Punjab 29.90 10.50

M.P 29.40 13.30

Maharashtra 27.80 13.30

A.P 24 60 12.40

Rajasthan 19 80 9.80

Tamil Nadu 19 70 8 10
I

Bihar
i

17 87 6 50
I

Haryana
i

1 5 4 0 6 3 0

Karnataka
1

12 80 7 10

All India 3 1 2  78 136 50

( B h a r d w a j .  2 <hi i

Table 2: Availability of organic resources for agriculture in India during 2005-2025

Resource 2005 2010 2025

G enera to rs

Livestock population (millions) 

Food grain production (m t)

498

230

537

264

50(,

315

Resources (theoretical)

Livestock dung (ni t) 

Crop residue (m t)

375

300

398

343

426

496

Nutrients (tappable N,P,K in m.t)

Livestock dung 6.64 7 0 7 5

Crop residues 6.1 7 1 10 7

Total nutrients tappable 12 74 14 10 18 2



Crop
Total Crop residues 

(million tonnes)

Total N, P, K 

(million tonnes)

V

Fertilizer replacement | 

value (million tonnes)

Rice 119.25 2.59 0.43

Wheat 93.9 1.71 0.28

pulses 17.95 0.59 0.10
I

Oil seeds 29.94 0.58 0.29

]
Total (all crops) 355.67 7.44 1.72 1

|

(Tandon. 1095)

3. C rop  Residue M anagem en t

Crop residue management includes all field operations that affect residue 

amounts, orientation, and distribution. Residue amounts are often expressed in a 

percentage Any tillage method that leaves crop residue on the surface to reduce 

erosion comes under this category Crop residue left on the surface shields the soil 

from rain and wind until emerging plants provide a protective canopy Crop residue 

also improves soil tilth, adds organic matter to the soil, and may even lesull in a little 

grain being left for wildlife Less tillage reduces soil compaction and saves the farmer

time and fuel

Crop residue management (CRM) calls for fewer and/or less intensive tillage 

operations and preserves more residue from the previous crop CRM can protect soil 

and water resources by reducing soil erosion and interrupting movement of  nutiienls 

and pesticides ofF the field CRM is generally cost-eftective in meeting conservation 

requirements and can lead to higher farm economic returns by reducing fuel, 

machinery, and labor costs while maintaining or increasing crop yields



3.1 Crop Residue Management is managing crop residue in a way that best 

benefits future crop and soil needs

3.1.1 Reduced Soil Erosion: Rain drops hitting the soil surface has an explosive 

power that dislodges soil particles. The same is true for wind that is carrying blowing 

soil panicles. Crop residue absorbs the energy o f  falling rain drops and by blowing 

soil panicles. At least 30% o f  the soil surface needs to be covered by crop residue to 

do an adequate job This is known as Conservation Tillage. In addition, crop residue 

will form millions o f  mini-dams all across a field that slows the water and traps soil

3.1.2 Soil tilth: Soil tilth is influenced greatly by crop residue and the organic matter 

produced from it in the soil For all of  the plant mass seen growing above the ground 

there is an equal amount o f  root mass below the ground Tillage adds oxygen to the 

soil which helps burn up organic matter. Less tillage allows more residue to stay on 

and in the soil and higher organic matter levels will result.

3.2 T hree  basic crop residue m anagem ent systems

>  Mulch-till uses such implements as a chisel plow or disk to till the entire lickl

> No-till leaves the soil and crop residue undisturbed except for the crop iow 
where the seed is placed in the ground

> Zone or sfrip-till uses coulters to till a V-7" strip for injecting stnrtci feitilizci 
and planting in one operation

4. M ethods  of crop  residue management

>  Tillage

> Mulching

>  Residue burning

> Residue incorporation

> Composting



Crop residue management systems include reduced tillage or conservation tillage 

practices such as no-till, ridge-till, and mulch-till, as well as the use of  cover crops 

and other conservation practices that provides sufficient residue cover to mitigate

wind and water erosion.

»

5. Tillage systems

Crop residue management is an umbrella term encompassing several different 

tillage systems including no-till, ridge-till, mulch-till, and reduced-till.

5.1.1 Conserva t ion  tillage is any tillage and planting system that covers 30 percent 

or more o f  the soil surface with residue, after planting.

5.1.2 No-till/Strip-till  is where the soil is left undisturbed from harvest to planting 

except for strips up to 1/3 of the row width The strips may involve onlv residue

disturbance or may include soil disturbance Planting is accomplished us ing  disk

openers, coulters, m-iow chisels, etc Weed control is accomplished piim.iiih. In 

herbicide

5.1.3 Ridge-till is where the soil is left undisturbed from harvest to planting except 

for strips up to 1/3 of the row width Ridges are usually built o-X inches high and

built when the crop (com) is 12-IK inches high during row cultivation or nllei

harvest The ridges are preserved and the crop planted on the ridge every year

5.1.4 Mulch-till  is till width tillage involving one or more tillage strips which disturbs 

all o f  the soil surface Mulch till is done prior to and/or during planting Tillage t o o l s  

such as chisels, field cultivators, disks, etc. are used Weed control is o f t e n  

accomplished by additional tillage and/or herbicides.

5.1.5 O ther tillage types include reduced tillage where 13-.30% residue remains 

after planting. This method is also a ftill width tillage method Conventional tillage



is where less that 15% residue remains after planting and generally involves plowing 

or multiple passes with other tillage equipment.

5.2 How it helps
>  Conservation tillage helps by reducing both wind and water driven soil 

erosion which improves water and air quality.

>  Increases soil organic matter.

>  Traps soil moisture to improve water availability.

V Improves wildlife habitat and provides cover for game birds and other small 

animals

5.3 Effects of tillage systems on soil physical properties

Residue management practices affect the soil physical properties such as water 

content, temperature, aggregation, bulk density, porosity and hydraulic conductivity

Table 4: Tillage and  w a te r  holding capacity

Tillage method Water storage amount (mm) Precipitation efficiency (%)

No-fill 217 35 2

Ridge 170 c

Disc 152 15 2

(I hmcr and Wcise. 2<’<i21

5.4. Effects of tillage systems on soil chemical properties

The application of  crop residues to soil increase soil organic carbon and 

nitrogen levels linearly Crop residue material improves soil fertility by improving the 

nutrient availability and enriching the organic matter content o f  soil



Tillage Total C, g/kg

No-till 24

Chisel 16

Plough 11

( K a r l e n  et ol., 2 0 0 0 )

5.5 EfTect of tillage on microbin! properties of soil

L e a v i n g  o f  c r o p  r e s i d u e s  on  the  soil s u r f a c e  p r o v i d e s  a f a v o u ra b l e  

e n v i r o n m e n t  for  soil  and  s u r f a c e  dw e l l i n g  o r g a n i s m s  b e c a u s e  o f  r e d u c e d  w a t e r  loss 

and  a m e l i o r a t i o n  o f  t e m p e r a t u r e

Table 6 : Average bacterial  population in different treated soils (10f,/gm soil)

Soi l s C o n t r o l  soi ls

T r e a t m e n t s  (2° o O u

F Y M W heat  s l i a u
— ^ _ 

Alkal i  soi ls  ( D e l h i ) 3 39 29  6 0 2 °  I 1 j

Al luvia l  soi l s  f f ' K K I ) 3 2 . 0 8 141 18 D C  70

, r  ̂ t t .

6. M ulching

Mulch is a protective covering, usually of  organic matter such as leaves or
%

straw, placed around plants It prevents the evaporation o f  moisture, the growth of 

weeds and (in cold climates) it prevents freezing of roots. It can have a positive effect

on the fertility o f  the soil

The layer o f  mulch also provides shelter and food for beneficial insects and

spiders that feed on small insects that are present in the mulch Mulching is n cultural

practice often recommended in the cultivation o f  vegetables (tomato, okra, cucumber,

lettuce, etc ) and fruit trees. It has been found to be useful in reducing populations of



white flies and thrips. In many cases mulching helps to increase yields. Care should 

be taken when pests are present that use the mulch as a hiding place or for pupating.

6.1 Effect of mulching on soil properties

*> Fertility maintenance 

•> Moisture maintenance 

Soil conservation 

•> Weed control 

v  Reduces salinity 

v  Reduces soil temperature

6.2 Value of Mulches
A thin l ayer  o f  m u l c h  o n  the  soil s u i f a c e  ( e spec ia l ly  in s l o p in g  g a r d e n s )

r e d u c e s  the  w a s h i n g  aw ay o f  soil pa r t ic le s  by r u s h in g  w a t e r .  Also ,  m u l c h e s  p rev en t  

r a i n d r o p s  f r o m  s p l a s h i n g  o n  the  soil s u r fa c e  S e e  f igure  I

A /fD

F i g u r e  1

Saving soil moisture is an important use of mulch A mulch layer on the soil 

surface allows the soil to soak up more water. Mulch also reduces the rate of  wntei 

loss from the soil A 3-inch layer o f  mulch on the soil surface dries much faster than 

the soil below it Thus it prevents water from moving into the air See figure 2
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O r g a n i c  m u l c h e s  en r i ch  the  soil  as th ey  d e c a y  a n d  p r o v i d e  a b e t t e r  

e n v i r o n m e n t  fo r  p l an t  g r o w t h  Soi ls  h igh in o r g a n i c  m a t t e r  a re  ea s i e r  to  till and b e t t e r  

su i t e d  to  v e g e t a b l e  g a r d e n i n g .  A d d i n g  o rg a n i c  ma te r i a l  m a k e s  soi ls  m o r e  c rumbly ,  

e sp ec ia l ly  c l ay  soi ls  tha t  p a c k  and  crust .

M o s t  m u l c h e s  a l so  p r o v i d e  exce l l ent  w e e d  c o n t r o l  M u l c h e s  d o  not  p r ev en t  

w e e d  s e e d s  f r o m  s p r o u t i n g .  H o w e v e r ,  w e e d  se ed l in g  e m e r g e n c e  is b l o c k e d  by a 

m u l c h  l aye r  th i ck  e n o u g h  to  e x c l u d e  light.  A 3 - inch  l ayer  o f  m u l c h  o n  the  soil su r fa ce  

k e e p s  m o s t  a n n u a l  w e e d  s e e d l in g s  f ro m  c o m i n g  t h r o u g h .  S e e  f igure  5 W e e d s  that 

b r e a k  t h r o u g h  a r e  r e m o v e d  m o r e  easi ly f ro m  m u l c h e d  s o ;l H a r d - t o - c o n t r o l  w e e d s  

su ch  as n u t g r a s s  a n d  J o h n s o n  g r a s s  m a y  c o m e  t h r o u g h  the  m u l c h  layer  but  can  be 

pul l ed  m o r e  eas i ly  o r  c o v e r e d  by f luffing the  m u l c h  w i th  a fork

 3  (NculTs
y-viu. C A r fr

■' Ctx  THttoocM THC

M u l c h  e o  h e a p  La h c c  v j c e d .5 vjiJiciI G p rT H R /w tf/t
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Mulching treatment Soil moisture (%) 180 DAM at 15cm depth

Soya bean straw (8 kg/basin) 26.25

Paddy straw (11 kg/basin) 26.35

Local grasses (11 kg/basin) 26.40 -----^

Control 24.00

(  '

(Shi rgure,  200 3)

Table 8 : M ulch ing  and  fruit yield

M u l c h i n g  t r e a t m e n t Yie ld ,  k u / t r e e

S o y a  b e a n  s t r a w  (8 k g /bas in )
i

6 6

i
P a d d y  s t r a w  ( 1 1 kg /bas in )

1
63

, L o c a l  g r a s s e s f  1 1 k g /bas in )
1 .

68

C o n t r o l JO

. CM*_____tS h i r g u r e ,  2 0 0 3 )

7. Residue b u rn ing

B u r n i n g  o f  r e s i d u e s  o n  (lie su r fa ce  o f  lickl i t s e l f  is a c o m m o n l y  f o l lo w ed

practice

7.1 Effects of residue bu rn ing

*  Addition o f  potash and silicon to soil

*  C o n s i d e r a b l e  los s  o f  N, P and  o t h e r  n u t r i e n t s  

**»• E n v i r o n m e n t a l  p o l l u t i o n

*  Effect on microorganisms and earth worms



Organic material
Nutrients added, kg/ha

N P K

Green manure 87.5(2.5%) 7.0(0.2%) 21.0(0 .6%)

Ash (burned straw) 0.96(0.06%) 4.5(0.28%) 29.00(1.8%)

Rice straw 36.00(0 6%) 6 .00(0 . 1%) 60.00(1%)

(Kharub et a l . 2004)

8. Residue incorpora t ion

Incorporation o f  residue not only keeps the environment clean, which 

otherwise gets polluted due to burning of  residue but also increases the soil 

productivity, when this practice is followed for longer periods

Tabic 10: Effect of incorporation  of crop residue on soil N, N up take  and yield of

succeeding rice crop

T reatments Mineral N in N uptake of  rice Grain yield of i ice

(Preceding crops) soil (Kg ha'1) (Kg ha'1)
______________ ——i

( ton ha 1)
------------ — . —-------------— -- - 1. _ _ i

Cow pea
— ——-- — - - ~ "

3 1 80 13 14 ' 11

Groundnut 27 15 12 87 “> V ^

Sesbania 34 06 12 30 3 24

Fallow 21 48 10 6 5 2 57

CD (0 05) 7 32 1 35 0 .3 1

<i l i i i i



8.1 Residue management using cellulolytic fungi

Burning o f  residues leads to loss o f  nutrients and environmental pollution and 

the alternative option is the incorporation o f  residues in the soil but this technique has 

some demerits like the creation o f  temporary immobilization o f  nutrients due to high 

Carbon : Nitrogen ratio, leading to slow decomposition and decrease in yield of  crops.

The rate o f  decomposition is enhanced by biological agents like cellulolytic 

micro organisms, and can add substantial quantity of  nutrients locked in the residues 

leading to improvement in system productivity.

Cellulolytic fungi secrete extra cellular enzymes and growth promoting 

substances which are beneficial for yield increase when inoculated in residue for its 

rapid degradation Species used are Aspergillus awamori, Trichoderma virule. 

Tnchoclermct rccsei

Table 11: Effect of rice residue management practices on grain yield of wheat

Treatments Grain yield (ton ha'1)
1i

1099-2000 Increase
0//o

2000-2001 Increase
0O

Rice residue incorporated to o*» - - 3 05

Rice residue burnt in \ifu 4 05 37 20 4 09 34 10

Rice residue incorporated ■ 3 96 34 20 4 00 31 19

Cellulolytic fungi

Rice residue incorporated f- 

N -  enriched phosphocompost

4 20 42 30 4 28 40 39

Rice residue burnt in situ + 4 39 48 80 4 41 44 60

N- enriched phosphocompounds

CD (0 O'?) 0 80 0 95

------ . - ■ ■ i r. i --~~ ‘ " (Jat c tn l . 2004)



9. Composting

9.1 Different types of composting

Coir pith composting 

*!• Vermi composting 

•I* Farm compost

9.1.1 Coir pith composting

Coir industry’ is one of  the important traditional cottage industries widely

spread over South India The case of  Coco products, a small-scale industry’ located in

Gubbi, Tumkur District, Karnataka, India, which is in the coir fibre production, is an

example Coconut husk is the basic raw material o f  the industry The coir fibre
*

extracted from the husk is used in local bedding, mat and matting, rubberized coir 

mattress, yarn and rope making etc The byproduct of  this industry' is coir pith

In the process o f  extraction of  coir fibre from husk, generally about 1 3rd o f  it 

is obtained as fibre and 2/3rd of  it is obtained as coir pith. Coir pith with a range of 

interesting properties finds various applications Coir pith has a high lignin (31°o) and 

cellulose f27 %) content and a carbon-nitrogen (C/N) ratio cd' 10-1 1 (Shckar, l ‘>oo) 

Coir pith also has a very high water holding capacity o f  3 to o times Us weight It 

should be noted that cnir pith is very stable because of the presence of high 

percentage o f  lignin Henc e coir pith lefi to itself takes decades to decompose Studies 

by various institutions have resulted in methods to speed up the piocess of 

decomposition (lignin reduction) by fungal/microbial culture The decomposing or 

composting o f  coir pith is done near agricultural fields, in heaps generally by the 

Pleurntus sajor ca/u species, an edible mushroom, which takes around 35-«45 days for 

the process. Composted coir pith is used along with organic supplements in crop 

fields in horticulture and floriculture It is also used as a rooting and growing medium 

for certain ornamental flowering plants. Decomposed coir pith is also used in 

hydroponics systems for growing roses and vegetables under controlled conditions 

The coir pith in sterilized condition finds use in mushroom cultivation and



floriculture. The coir pith also finds application as an alternative for 'Peat Moss' the 

extraction o f  which has been banned in most o f  the European country. It also finds 

application as a mulching material for grapevine.

Coir pith has a calorific value o f  3975 k cal/kg, close to 4200 k cal/kg of  coal. 

It can also be used as fuel briquettes with the ash content almost 1/10th o f  coal. A 

proper methodology or technology for briquetting. Coir pith is yet to be r:.

manufacturing a commercially viable product.

Here in our case, on an average a husk weighs about 300 g, 80-S5 g is 

obtained as fibre and around 200 g is obtained as coir pith. Further on an average 

5000 husks arc defibred per day, which yields 1000 kg (1 ton) of  coir pith per day 

while around 5-6 tons is composted or decomposed in batches for every' 35-45 days 

depending upon the requirement. As mentioned earlier, out of  the rest of  coir pith, 

some quantity is sterilized and dispatched to be used chiefly in floriculture Thus, the 

cnir pith, which was once a waste and had a disposal problem, has a commercial 

value In fact today it is even being exported to other countries by sonic othei units 

and has both internal and external market Finally, we have arrived at cleaner and 

eco-friendly as well as profitable method of  disposing the byproduct - coir pith

9.1.2 M ethods  of Coir  Pith Composting

Since Coir pith takes decades to decompose and in the early W O 's  it posed 

environmental hazard and disposal problem Various research institutions were 

successful in methods to speed up the process o f  decomposition by fungal or 

microbial culture Coir pith can be successfully composted cither in the aica of  the 

industrial yard or in the agricultural fields itself The coir pith composting is done by 

using mushroom cullures or fungal cultures The mushroom popularly 

lo the Pleurntiisspecies They are commercially sold in spawn bottles Notmnllv one

spawn bottle weighs around 300g Further to compost about I Ion of  coir pith I 5 kg 

o f  spawn and 3 kg o f  urea are needed The composting technique is as descuhcd

below



Mark an area o f  5 m length and 3 m width in selected place which is 

preferably under shade Spread uniformly on the marked area, one hundred kilogram 

{'approximately) o f  coir pith. Inoculate with one bottle o f  the spawn of Pleurotus 

species by applying uniformly over the well spread coir pith. Cover uniformly with 

another hundred kilogram o f  coir pith over the Pleurotus species inoculated layer of 

coir pith. Apply one kilogram of urea uniformly over the layer o f  coir pith. Cover the 

applied urea with the next layer of  one hundred kilogram of coir pith. R e p e a t  the 

process o f  sandwiching the Pleurotus species and urea alternatively with hundred 

kilogram layers o f  coir pith to a height of  one meter. Sprinkle w'ater i f  the m o i s t u r e  

content o f  coir pith is below 2 0 0  %. Normally the heaps of  coir pith at the industry 

have 5 0 0  percent moisture Therefore i f  the coir pith is found over dried, sp r ink l ing  o f  

w a t e r  is r e q u i r e d  K e e p  the h e a p  for  thi r ty d a y s  o f  d e c o m p o s i t i o n  an d  sp r ink le  w a t e r  

if  necessary p e r i o d i c a l l y  At  the end  o f  thirty days ,  the C o i r  pi th m a y  be  f o u n d  tu r n e d  

into d a r k  o r  b l a c k  m a s s  o f  c o m p o s t ,  h a v ing  a r e d u c e d  C N ra t io  o f  2-1 1 and  wi t h  

increased availabilitv o f  mac ro  nutrients and micro nutrients.

Table 12 : Nutrient Level of Coir Pith in kc/t

Nutr ient Coir  Pith

Nitrogen 4.42

P ,0 , 0.71

Potash 1 02
/ i i * i w r t

9.1.2 V erm icom post

Vermicomposting uses earthworms to turn organic wastes into very high

quality compost Worms cat food scraps, which become compost as they pass through 

the worm's body Compost exits the worm through its' tail end This compost can then 

he used to grow plants To understand why vermicompost is good Tor plants, 

remember that the worms are eating nutrient-rich fruit and vegetable scraps, and

turning (hem into nutrient-rich compost



9.1.3 Advantages of vermicompost

>  Rich source o f  nutrients"

>  Excellent base for microbes

>  Presence o f  growth promoters

> Quick response

>  Good aeration

>  Effect on soil properties

Table 13: Effect of  vermicompost  on nodulation

Treatments
|

N u m b e r  o f  n o d u l e s / p l a n t  S o y a b e a n I
I

F Y M ' ®  12 5 t / ha 2 0 . 3 9  !

S u g a r c a n e  t r a s h  v e r m i c o m p o s t  

%  12 5 t / h a

2 4 , 5 0

i

__ j

R e c o m m e n d e d  i n o r g a n i c  fer t i l izers
i

I S O

( K u p p a s w a m i  ct a l , 2002)

Table 14: Effect of vermicompost  on yield

T r e a t m e n t s G r a in  yield K n/lia Sovn be, in
J  *—  *

F Y M  %  12 5 t / ha 1109 3 !
1 *  *

j

_ _____ .__  _—__—__——- — — - - — --------- --J

S u g a r c a n e  t r a s h  vermicompost Uv 12 5 t /ha 1427 5

1

R e c o m m e n d e d  i n o r g a n i c  fer t i l izers 1420 5 '

( K u p p a s w a m i  cl at , 2002)

1 0 .  Conclusion

To conclude, leaving crop residues in .he field and associated no u l l a g e  crop 

induction have been advocated as a cos. effective means o f reducing pollulton 

nused by run off, nutrient loss and eros.on from agricultural lands, lending to loss o f 

oil productivity In developed and affluent countries, utilization o f crop residues is a



major concern for environmental production and sustained productivity. It is less 

difficult in developing countries where crop residues are routinely removed for use as 

a source o f  fodder for farm animals. How ever, removal o f  crop residues from fields, 

what ever reason reduces the soil organic matter and often leaves the soil susceptible 

to accelerated soil erosion. This is the major problem of resource development in 

developing nations.

The proper management o f  all types of  residues not only augments the supply 

of plant nutrients but will also sustain crop production and maintain a cleaner 

environment on our planet

11. Discussion

1 C r o p  r e s i d u e s  will  i n c r e a s e  th e  p o p u l a t i o n  o f  bac te r i a ,  o t h e r  p a t h o g e n s  and 

insects  e t c  , in s o i l 9

Ye.s R e s i d u e s  a r e  h a r b o r  for  ha rmfu l  and  as  wel l  as  benef icial  or izanisms

2 B l a c k  c o t t o n  so i ls  a r e  r ich in plant  n u t r i e n t s  d u e  to  its b l ack  co lour '  

N o  B l a c k  c o l o u r  is d u e  to  mine ra l  c o m p o u n d s  p r e s e n t  in soi

3 W h a t  is r a i n f e d  a n d  d r y  land a g r i c u l t u r e 9

R a i n f c d  a g r i c u l t u r e  m e a n s  g r o w i n g  o f  c r o p s  in a r e a s  hav ing  m o r e  than

7 5 0  m m  a n n u a l  ra .nfal l  M a i n ly  the  c r o p s  d e p e n d  u p o n  the  r am

D r y  l and  a g r i c u l t u r e  m e a n s  g r o w i n g  ol c r o p s  in a i e a s  h av ing  less than

7 5 0  m m  a n n u a l  rainfal l

4 W h e n  c r o p  r e s i d u e s  a r e  a d d e d ,  il c a u s e s  in c r e a s e  in ( N  rar io  and  (hat  c a u s e  

i m m o b i l i z a t i o n  o f  n u t r i e n t s ,  h o w  can  w c  o v e r  c o m e  this ' ’

B y  a d d i n g  i n o r g a n i c  fe r t i l izers  l ike u r e a  w c  c a n  n a r r o w  the  C N ta t io

5 W h e t h e r  t h e r e  is a n y  d i s a d v a n t a g e s ,  w h e n  c o n t i n u o u s  b i n n i n g  o f  c r o p  re s idues  

in s u g a r c a n e  f ield is p r a c t i c e d 7

Ye, Nutrients loss and destruction o f microbes occur during burning



6 . What is taramira crop? 

It is an oil seed crop grown in North India.

7. Which method o f  crop residue management is most suitable for Kerala 

situations?

Mulching (in orchards and plantation crops)



Crop residues in general are parts o f  the plants left in the field after crops have

been harvested. These materials have at times been regarded as waste materials that

require disposal, but it has become increasingly realized that they are important 

resources and not wastes.

Crop residue management has been developed to leave more or entire of 

harvest residues, leaves and roots on or near the soil surface. Its components are 

various tillage systems, residue incorporation, residue burning, mulching and 

composting. In the last few decades there has been increasing interest in crop residue 

management as a source o f  organic manure which not only supplies nutrients but also 

improves soil health

From the large number of  crops grown annually in India, a total o f  350 million 

tonnes o f  crop residues are produced (Sarkar el al., 1999). The nutrient requirement 

for the required food production in 2004-2005 is around 28.8 million tonnes, but 

present status o f  fertilizer use is around 20 million tonnes, implying that the deficit of 

8 8 million tonnes has to be met from sources other than chemical fertilizers 

(Bharadwaj, 2003)

Regar el al (2005) reported that incorporation o f  rice residues decreased the 

soil bulk density and increased the grain yield of wheat. Rice residue incorporation

using cellulolytic fungi effected significant yield increase in wheat flat et u l , 2004)

Higher uptake of nitrogen and higher grain yield in succeeding rice were recorded

when groundnut crop residue incorporation was done as compared to fallowing

(Jacob, 1994) Highest fruit yield and good quality fruits were reported in Nagpur 

mandarin with grass mulch (Shirgurc et a l , 2003)
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Soil microorganisms play an important role in improving soil fertility and 

crop productivity. In India there is a gap o f  10 million tons o f  plant nutrients, between 

removal by the crop and it’s replenishment through fertilizer (Somani and Dadhich, 

2005). Supply o f  nutrient from organic manure alone cannot able to fill this gap. Thus 

an integrated approach o f  nourishing the crop efficiently is the need o f  the hour and 

biofertilizers are promoted as an important component of  Integrated nutrient 

management.

Most o f  Ind ian  soils a re  def ic ient  in ava i l able  P and  i t ’s r e q u i r e m e n t s .  It is 

me t  by  a d d i t i o n  o f  p h o s p h a t i c  fert i l izer but  the  e f f ic iency o f  app l i ed  P rare ly e x c e e d s  

15% P h o s p h a t i c  b iofe r t i l i zer s  inc rease d  avai lable  P o f  the  soil by  solubi l i s ing and 

mobi l i z ing  the  u n a v a i l a b l e  p h o s p h o r u s  be s ide s  a c c e s s i n g  p h o s p h a t e  l o c a t e d  b e y o n d  

the  r o o t  z o n e  o f  e x p l o r a t i o n  T h e r e  a re  ma in ly  t w o  ty p e s  o f  biofer t i l izers .

1 A r b u s c u l a r  M y c h o r r i z h a l  Fung i  ( A M F )

2 P h o s p h o r u s  so lub i l i s ing  m i c r o o r g a n i s m  ( P S M )

A M F  fungi  cons i s t  o f  a rbu scu le s ,  ves ic les  an d  ex te rna l  m y c e l iu m  for  the  

a b s o r p t i o n ,  s t o r a g e  and  re l eas e  o f  P f ro m fu ng us  to plant  T h e  e x p e r i m e n t  u m u n u u i  

in p e p p e r  r e v e a l e d  tha t  Olomus fasciculatum  i m p r o v e d  the  g r o w t h  c h a r a c t e r s  and 

f o u n d  to  be  the  m o s t  r e s p o n s i v e  (Ashi t ra j ,  2 0 0 1 )  A p p l i c a t i o n  o f  (r/o/m/.v uUi\v\uln cs 

i n c r e a s e d  t h e  P c o n c e n t r a t i o n  in plant  and  P u p t a k e  by s e e d l in g s  a n d  g r a t i s  o f  cashew 

( U s h a ,  2 0 0 1 )  Di f fe ren t  types  o f  m e c h a n i s m s  a rc  inv o l ved  in i m p r o v i n g  P u p t a k e  In 

ex te rna l  h y p h a e  o f  A M F  In add i t ion  to inc rease d  P avai labi l i ty.  A M F  also i m p r o v e d  

the n i t r o g e n  s t a tu s ,  C u  an d  Z n  c o n t e n t  o f  the soil, e n h a n c e d  w a t e r  u p t a k e  d i n i n g  w a t e r  

s t r e s s  and  p r o v i d e d  r e s i s t a n c e  to plant  d i sease  T h er e  a re  t h r e e  d i f ferent  tv p c s  o f  

f a c t o r s  i n f lu e n c in g  the  m y c h o r r h i z a l  sy mbios i s  - soil,  p l an t  and  ag r i cu l t u r a l  p ra c t i c e  

T h e  i n o c u l a t i o n  m e t h o d s  in c lu d e  soil app l i ca t ion ,  s eed l in g  clip, pel let  a p p l i c a t i o n  etc

In addition to AMF, various bacteria,fungi and actinomycetes are found to 

solubilise different types, o f  insoluble phosphates PSM constitute 0.5-1 0% of the soil 

microbial population The phosphobacleria has been found to increase the yield of

plants by 5-10%



r

The Interaction o f  beneficial microorganisms have been found to mobilize 

significantly higher amount o f  P than that inoculated separately. Synergistic 

interaction o f  PSM, VAM and Rhizobium can enhance soil fertility and experiments
v /

revealed that combined inoculation increase the yields o f  crops (Singh T'.ldv,

2001).

The introduction of  efficient P solubilisers in the rhizosphere has been 

found to increase the availability of  phosphorus from both applied and native soil P. 

Application o f  .AMF alone or in combination o f  PSM and other biofertilizers can lead 

to more economical use of  costly inorganic fertilizers and play an important role in 

sustainable agriculture

M i c r o b i a l  I n t e r v e n t i o n s  in p h o s p h o r u s  n u t r i t i o n  o f  p l a n t s  

In troduction

Soil  m i c r o o r g a n i s m s  play i m p o r t a n t  ro le  in i m p i o v i n g  soil l e r t ih t \  and  

c r o p  p r o d u c t i v i t y  d u e  to thei r  capabi l i ty  to fix a t m o s p b e i i c  m t i o g c n .  solubi l ise  

inso lub le  p h o s p h a t e  a n d  d e c o m p o s e  farm w a s t e  r e su l t ing  m the  r e l ease  o f  plant  

n u t r i e n t s  P h o s p h o r u s  is an i m p o r t a n t  plant  nut r ien t  w h i c h  is f ixed in inso lub le  fo r m in

soil

In India there is a gap of 10 million tonnes of  plant nutrients between 

removal by the crops and replenishment through fertilizers Supply of nutrients f rom 

organic manure has not been able to fill up this gap Thus, an integrated approach of 

nourishing the crops efficiently is the need of hour. O f  late, hiofertilisers are being 

promoted as an important component o f  integrated nutrient management (INM) It is 

good beginning but the country has a long way to go



Phosphatic biofertiliser differ from fertiliser in the sense that former don't 

directly supply any nutrient to crop plant and are the culture o f  some specific bacteria 

and fungi. Phosphatic biofertilisers play an important role in solubilising and 

mobilizing the unavailable phosphorus besides accessing phosphate located beyond 

the zone o f  root exploration An attempt has been made to acquaint with the 

mechanism, potential and limitations in use of  the phosphatic biofertiliser with the 

special reference to Arbuscular mycohorrizal fungi and phosphate solubilising micro 

organism

Role of phosphatic  biofertilisers

P h o s p h a t e  solubi l i s ing  m i c r o o r g a n i s m  play an i m p o r t a n t  ro le  in inc reas ing 

the  avai l abi l i ty  o f  soil  p h o s p h a t e  by m a k i n g  fixed in o r g a n ic  un ava i l a b l e  p h o s p h a t e  

c o m p o u n d s  ava i l ab le  to  plant  be s ide s  mine ra l i z ing  o r g a n i c  P c o m p o u n d s

P h o s p h o r u s ,  the  m a s t e r  key  e l ement ,  is an e ssent ia l  p lant  nut r ient  r e qu i red  

for  ear ly  e s t a b l i s h m e n t  and  b e t t e r  plant  g r o w t h .  It a c c e l e r a t e s  t i l lering,  f lower  

fo r m a t i o n ,  g o o d  p o d  and  seed  se t t ing  bes ides  ear ly  m a t u r i t y  in seve ra l  e c o n o m i c a l l y

i m p o r t a n t  c u l t i v a t e d  c r o p s

M o s t  o f  the  Indian soils a re  def ic ient  in ava i l able  f o rm  o f  lv  and its 

r e q u i r e m e n t s  is m e t  by  the  add i t i on  o f  p h o s p h a t i c  b i o f c r t i f s e r s  but  the us e  eff ic iency 

o f  ap p l i ed  p h o s p h o r u s  ra re ly  e x c e e d s  3 0 %  d u e  to  its f ixat ion e i ther  in the  fo rm o f  

a l u m i n i u m  or  i ron  p h o s p h a t e  in acidic  soi ls and  in the  f o rm  o f  c a lc iu m  p h o s p h a t e  in

neu t ra l  a n d  a lka l ine  soil

T h e  p e r c e n t a g e  o f  o r g a n i c  p h o s p h o r u s  a s s o c i a t e d  w i th  soil b i o m a s s  r a n g e s

f ro m  3 - 2 0 %  O n  an a v e r a g e  the  p r o p o r t i o n  o f  C' N P S in soil h u m u s  is N O  10 I 3 I

M i c r o o r g a n i s m s  af fec t  P su pp ly  to  h igher  p lan t s  by d e c o m p o s i n g  o r g a n i c  P

c o m p o u n d s  w i t h  the  r e l eas e  o f  avai lable  ino rg an ic  p h o s p h a t e

It is ma in ly  d iv ided  into t w o  types

1 A M F  - A r b u s c u l a r  m y c o h o r r i z a l  fungi

2 P S M  - p h o s p h a t e  solubi l i s ing m i c r o  o r g a n i s m

A r b u sc u la r  m ycorr l i iza l  fungi

M i c o r r h i z a c  is a sy m b io t i c  a s s o c i a t i o n  b e t w e e n  f u n g u s  anil plant  roo t  The

term mycorrhiza is derived from Greek word Mykes - Fungus, rhiza - roots



Structure of AMF fungi

Arfauscules, vesicles and external mycelium are the main structural 

components o f  AMF fungi. The hyphae after penetrating the root spread into inner 

cortex layer. On passing to inner cortex layer arbuscules are formed. They are believed 

to function in the bi-directional transfer of  nutrients, i.e., carbohydrates from plant to 

fungus and minerals especially P from fungus to plant. Sac like structure, vesicles are 

formed when colonization process is well established. They are storage organs of  the 

fungus containing many lipid droplets. The mycelium outside root constitute an 

important part o f  mycorrhizal system. The soil mycelium is dimorphic and essentially 

nonseptate It enables the plant to tap soil P not otherwise accessible to the roo ts .  The 

hyphal length can reach more than one meter of  hyphae per centimeter of infected 

r o o t

Role of A M F  in plant growth

1 It e n h a n c e  p lan t  g r o w t h

2 It i m p r o v e d  the nut r i t ion  o f  the  hos t  plant

3 It i n c r e a s e d  the  g r o w t h  and  yield o f  c r o p s

T a b l e  1 I n o c u l a t i o n  effect  o f  A M F  on  b a n a n a  c r o p  ( R o b u s t a )

T r e a t m e n t W e i g h t B u n c h Frui t Fm i t S u g a r To ta l

o f  fruit weight l eng th d i a m e t e r ( % ) sol ids

fg) (kg) ( c m ) ( c m )
_ - - _ —

C o n t r o l 1 11 00 12 50 15 40 8 IS 0 00 17 01

1 0 0 %  NbP 127 33 22 83 17 <10 3 5 A 13 o 1 1 8 0( )

5 0 %  M »■ P *• V A M 1 36 00 2K 07 18 00 3 82 14 01 18 OS

1 0 0 %  N + 5 0 %  P + V A M M 2  0 0 3 0  K0 17 83 4 02 15 30 20 33

(Natarajan, 2002) /

Application of farmyard manure based inoculum of mycorrhizal fungi 

helped banana crop increasing their y r ld  by 20-30% in different treatments l he AMF 

fungi not only improved the yield but also improved the quality attributes like weight 

of fruit, bunch weight, fruit length, fruit diameter, sugar %, total solids, ctc(Toble 1) 

100% N f- 50% P b AMF increased the yield and quality in banana crop



Mycorrhiza occurs in 83% of  dicotyledons', 79% of  moncfCotyledons and in all

Dangeard was the first to name the VAM fungus. He described a typical 

VAM isolate from poplar and named the endophyte Rhizophcigiis populinus. Later 

VAM xvas recognized as endogone species (belonging to family Endoganaceae).

p h o s p h o r u s  f r o m  soil  in to  roo t s .  It o c c u r s  in m o s t  o f  the  p lan t  s p e c i e  i.. 

famil ies

1 L e g u m i n o s e a e  

2. P o a c e a e

A M P  fungi  i n o c u l a te d  to  c r o p  plant s  c o lo n i s e  the  p lant  r o o t  s y s t e m  and

in c r eas e s  the  g r o w t h  and  yield o f  c r o p  plants.  T h e  i m p r o v e d  plant  g r o w t h  is d u e  to 

in c r e a s e d  nu t r i e n t  u p t a k e  pa r t icu la r ly  P, Z n  and o t h e r  m i c r o  nu t r i en t s ,  p r o d u c t i o n  o f  

g r o w t h  p r o m o t i n g  s u b s t a n c e s ,  t o l e r a n c e  to d r o u g h t  and  sal ini ty and  re s i s t an ce  to  plant  

p a t h o g e n s  D e p e n d i n g  o n  the  plant  and  fungal  s p e c i e s  invo l ved  as wel l  as dis t inct  

m o r p h o l o g i c a l  p a t t e r n s  at least  7 d i f ferent  types  o f  m y c o h o r r i z a l  a s s o c i a t i o n s  ha ve  

be en  r e c o g n i z e d

1 V e s i c u l a r  a r b u s c u l a r  m y c o r r h i z a

2 E c t o  m y c o r r h i z a

 ̂ O r c h i d  m y c o r r h i z a  

<\ L r i co ld  m y c o r r h i z a

5 E c t o  1 n d o  m v c o r i h i z

6 A r b u t o i d  m y c o r r h i z a

7 M o n o t r o p o i d  m y c o r r h i z a

D u a l  a s s o c i a t i o n  o f  b o t h  E c t o  and  A M F  h a v e  b e e n  fo u n d  in s o m e  t rees

B o t h  th e  a u t o t r o p h i c  hos t  plant  an d  h e t c r o t r o p h i c  fungal  a s s o c i a t e  dr ive

o b l i g a te  s y m b i o n t  s ince  they  c o u l d n ’t be  s u b c u l t u r c d  e x te r na l ly  n o r  d o  they  c o m p l e t e  

thei r  life cy c le  u n l e s s  th ey  c o lo n i s e  a su i tab le  host .

gvmno sperms.

The role o f  fungi, particularly those selectively colonizing the root surface 

of  growing plant,is to increase the availability o f  phosphorus and to transfer

ph y s i o lo g i c a l  a n d  e c o l o g i c a l  benef i t s  f ro m o n e  a n o t h e r  T h e y  a rc  c o n s i d e r e d  to  be



The application o f  arbuscular mycohorrizae as bioinoculant for cereals,

pulses, fruits and vegetables has been found to be beneficial under field trials and 

demonstration trials.

Table 2. Growth characters o f  rooted lateral cuttings inoculated with AMF in pepper
Treatments Mean

vine
length
(cm)

Mean 
number of 

leaves 
(cm)

Mean
dry

weight
(g)

Mean
root

length
(cm)

1 Glomus mosseae 7.98 3.06 7.20 4.80
2 Glomusfasciculcitum 1 1.66 3.84 7.50 5.10

J 3 Glomus etermcatum 6.95 2.41 6.40 4 20
4 Glam us monosporum 8.94 3.33 6.60 4 40
5 Vellayani isolate 7 02 2.50 6 10 4 10

1 6 Control 6 48 2.35 5.80 3 00
(Ashitraj, 2001)

A n  e x p e r i m e n t  w a s  c o n d u c t e d  in the  D e p a r t m e n t  o f  A g r o n o m y ,  C o l l e g e  o f  

H o r t i c u l t u r e  to  s t u d y  the  effect  o f  V A M  in p e p p e r  by  Ashi t ra j  ( 2 0 0 1 )  T h e  different  

s pec ie s  o f  A M F  a re  u s e d  ( T a b l e  2) and p e p p e r  r e s p o n d e d  to m y c o h o r r i z a l  inoc u l a t i on  

Glomus fascicii/alnm  i m p r o v e d  the m e a n  vine length ,  n u m b e r  o f  leaves ,  m e a n  dry  

we ig h t ,  m e a n  r o o t  l ength ,  e t c ' a n d  it is m o s t  r e s p o n s i v e  in p e p p e r

T a b l e  3 N u t  yield as  in f luenced  by A M F  in c a s h e w

Treatments Nut vicld
Secdlinu;w _ Grafi

Ti - Glomus fast u nhitum 1 10 40 842
. _ ------- - - — --- —

T2 - Glomus monosporum 16 34 184 .30

T] - Glomus cnnlriclum 86.40 607 on

T i - Glomus enlernicalum 60 50 388 80
T5 - Native isolates from Vcllayeni 45 10 4.3 3 90

Tr, - Glomus intraradices 547.20 1001 30

T7 -C o n t ro l 12.50 223 70

(Usha, 2 0 0 1)
The experiment conducted in Cashew Research Station, Madakkthara to

study the effect o f  nut yield by AMF in cashew Glomus intraradiccs increased the nut 

yields in cashew seedlings/grafis ( Table 3)



T reatments P concentration in 
plants (%)

P uptake 
(mg plan'1)

Yield

lininoculated control 0.210 4.62 6.75

Glomus mossac 0.272 12.25 8.40

Glomus fasciculatum 0.277 12.47 8.52

CD (P=0.05) 0.0062 3.45 0.64

(Hazarika, 2000)

Glomus fcisciculatum increased the P concentration P uptake and yield of 

green gram(Table 4)

Improved P up take  by external hyphae

There are different types of  mechanism involved in improved P uptake by 

external hyphae

I. Physiological mechanism

A dense colonization of root cortex by VAM fungi must affect root

physiology and metabolism Roots stay functional longer when mycohorrizal

2. Chemical mechanism

More than 90% of total phosphate in soil is unavailable to plant AMF

fungi can ea rn  out phosphate solubilisation by

1 Producing organic acids

2 By qualitative and quantitative change in root exudation pattern ol mveohornzae 

plants which change the pi I of the rhizospherc

3 Fungi may excrete acid phosphatase enzyme leading to accelerated formation of

soluble orthophosphate

4 Higher rates of  respiration (specially in calcareous soils) produce moic C 0 3

which reacts with surrounding medium and forms acids that increases solubility 

of  sparingly soluble calcium phosphate

3. Physical mechanism

Phosphate is immobile in soil and plant uptake o f  phosphorus is much

faster than ion diffusion to root surface. This causes phosphorus depleted zone ( 1-2



mm wide) developed around roots. VAM hyphae extend beyond the depleted zone 

thus carrying out absorption and translocation o f  nutrients over larger distance.

4. Phosphate translocation along with hyphae

The phosphate absorbed by mycohorrizae fungi from soil is accumulated in
>

vacuoles such as poly phosphate granules which is osmotically inactive (Callow et 

al., 1978). Poly phosphate granules are propelled through the cytoplasmc^t_reaming to 

arbuscules. When P supply is excess, poly P accumulates as a storage pool in vesicles 

which can be used at times of  increasing demand to support later stage of plant 

growth.

5. Phosphate transfer to root cells

The poly P granules in arbuscules are broken down by specific enzymatic 

activities releasing P into the cytoplasm The plasma membrane o f  both symbionts, 

representing an intracellular contact, arc separated by apoplastic space, which is site 

for metabolic interchange 

VAM and Nitrogen Nutrition

Compared with phosphorus, there is little information on the role of  YAM 

in mfrogen acquisition, at least in non legumes growing in P deficient soils. AMF

enhances nodulation

The tripartite symbiosis between leguminous plants. Rhizobium spp and 

AMF led to improved growth, nodulation and N fixation 

Table 5 Effect o f  VAM in absorption and transport o f  zinc in sorghum

Zn ronr .
► —  “  ■ * — ®

Zn content (mg/g dry wt.)

applied (mM ) W ithout  VAi\ With VAM

Leaves 75 9 3 1 1 4

Roots 75 7.25 7 6

AMF and trace element
Most studies o f  the AMF symbiosis have been focused on the nutritional

benefits to the host plant in terms o f  phosphorus and to a lesser extent, nitrogen 

nutrition AMF mutualism enhances the uptake o f  various micro nutrients When these



are in poor supply it provides protection . Enhancement o f  nutrient uptake can be 

attributed to direct hyphal uptake and indirect effects caused by morphological and 

physiological changes in host roots.

, The capacity o f  external hyphae for delivery o f  copper and zinc is high and 

might account for about 40-60% of  the total uptake in white clover and 35% in maize. 

Zinc content in the roots and leaves of  sorghum increased due to the presence of  AMF 

as reported by Senthilkumar and Arockiasamy (1995) v 

A M F and w a te r  stress

T h e  m o v e m e n t  o f  w a t e r  f ro m  soil to  r o o t s  t h r o u g h  A M F  h y p h a e  has  been 

the  su b j e c t  o f  c o n s i d e r a b l e  e x p e r i m e n t a t i o n  H y p h a e  a re  t h o u g h t  to  ac c e s s  w a t e r  held 

in soil a g g r e g a t e s  ( C o o p e r ,  1984).  M y c o h o r r i z a  e n h a n c e  w a t e r  u p t a k e  by r o o t s  f rom 

dry  soil a n d  t h e r e  by m in im ize  the  ef fec ts  o f  d r o u g h t .  M y c o h o r r i z a l  h y p h a e  can  car ry  

w a t e r  to  the  r o o t  and  b r i d g e  any g a p s  that  fo rm ed  b e t w e e n  soil and r o o t  as ro o t  hairs 

T h e  s t o m a t a l  c o n d u c t a n c e  o f  p lan t s  r e c o v e r i n g  f rom w a t e r  s t re ss  w a s  l a rge r  w h e n  they  

w e r e  in fe c te d  w i th  A M  w h ic h  w a s  a sc r ibed to ef fec ts  o n  h o r m o n a l  b a l a n c e  ( S o m a m .

2002)

A M F and plant diseases

A M F  a l so  p r o v i d e s  r e s i s t ance  to plant  agains t  d i s ea se s

1 T h e  h e t t e r  o r  c h a n g e d  nut r i en t  s t a tu s  o f  the host  a l lo wi ng  s t r e n g t h e n i n g  o f  plant  so 

that  d a m a g e  c a u s e d  by p a t h o g e n  w a s  offset  by  i m p r o v e d  plant  g r o w t h  d u e  to

m y c o r r h i z a

2 Competition for infection sues

3 S pec ia l  i n t e r a c t i o n  b e t w e e n  e n d o p h y t e s  and  p a t h o g e n s  

Inoculum production  techniques

T h e  c h i e f  n m e c h a n i s m s  invo lved  arc

1. Spores of A M F  fungi as inoculum source

T h i s  is su i t a b l e  m e t h o d  for p lan t s  g r o w n  in vitro L a r g e  sca le  p r o d u c t i o n  o f

spores is difficult. Considering 100 sporcs/g o f  inoculum, 200-2000 kg inoculam may 

have to he used to get desired number of  spores (about 100 spores/seedling) for

inoculating one hectare ol field sown crop



2. Infected Roots as Inoculum Source

Large scale production o f  infected roots is possible in aeroponic culture. 

Infected roots contain internal and external mycelium (may have spores). Infected 

roots can colonize host after one or two days of  inoculation. Root inoculum without 

spores should be used within a week. The production process is difficult and 

expensive with other problems like infected roots introduced as inoculum act as 

nutrient source for several saprophytic and parasitic micro organisms, short survival 

time etc Large quantity o f  inoculum is required. On the basis of  10 g of  root inoculum 

per cassava plant, about 100 - 150 kg root inoculum would be needed per hectare. For 

beans 400 to 800 kg/ha of  root inoculum could be required on the basis of  2 g root 

inoculum/seed

3. Seed based inoculum

Soil inoculum is produced using a tranditonal Pot Culture technique which 

contains all VAM fungal structures and is highly infective. Recent experiments 

showed that Rhodes grass found to be the best host. Perlite - Soilrite mix as the best 

substrate and CAN and Rock phosphate to be the best N and P sources for mass 

production Harvesting of pot cultures in 75 days produce high quality inoculum with 

maximum number of  propagules The inoculum thus produced contain nearly 2900 

infective propagulcs/g of substrate The shelf life of  substrate based inoculum was 

found to be nearly 2 years at room temperature, hence there is no need to store it in

refrigerator

Inoculation M ethods

V a r i o u s  methods have been tried for introducing AMF inoculum into field

crops They are

1. Transplanted crops
Seedlings are raised in sterilised or unstcrilised soils supplied with selected

AMF fungi in small nursery beds or containers and planted out when mycnirhizal

colonization is well established

2. Crops directly sown in field

A) Coating seeds with AMF inoculum

B) Use o f  mycorrhizal pellets

C) Inoculum is placed in furrow under or beside seeds sown in furrows



AMF propagules are raised in situ by growing strongly mycorrhizal host 

plants and leaving the infected roots and associated spores in soil to infect the next 

crop grown in the same field.

Factors influencing Mycohorrizal symbiosis

There are 3 major factors affecting mycorrhizal symbiosis.

1 Soil factors

2. Agricultural factors

3 Plant factors

I. Soil factor

a) Soil disturbance

P r o p a g u l e s  o f  my co r rh iz a l  fungi m a y  be  ab se n t  f ro m  soi ls w h e r e  seve re  

soil d i s t u r b a n c e  ha s  r e s u l t e d  in t o p  soil loss  o r  w h e r e  hos t  p l an ts  a re  l imited by a d v e r s e  

soil o r  s i te  f a c t o r s  s u c h  as soil acidi ty,  salinity,  w a t e r  l o g g i n g  o r  c l imat ic  e x t r e m e s

L e s s  s e v e r e  f o rm  o f  soil d i s t u r b a n c e  inc lud ing  f r equen t  ag r i cu l tu ra l  t i llage, 

soil an ima l  act iv i t ies ,  fire and  e r o s i o n  also  r e d u c e  m y c o r rh iz a l  p r o p a g u l e s .

b) Soil moisture

E x c e s s  w a t e r  a d v e r s e l y  alTcct the my co r rh iza l  g r o w t h ,  o p t i m u m  be ing  less 

than  w a t e r  m a x i m u m  h o ld i n g  c apa c i t y

c) Soil aeration

L a c k  o f  o x y g e n  a f fec t s  survival  and s p r ea d  o f  g r o w t h

4 Soil  fert i l i ty

T h e r e  i°. an inve r se  re l a t ionship  b e t w e e n  a m o u n t  o f  labi le P and  r e s p o n s e  to

mycorrhizac

5 Soil  p H

Wel l  a d a p t e d  to w i d e  r a n g e  f ro m 6 2 to  7 2

6 Soil temperature

Steep rise in AMF infection is seen in the temperature range of 21F-3(»'T

II. Plant factors

a) P content o f  plant

Higher the P content in plant lower will be the soluble carbohydrate

content in roots nnd lower will be entry of  A Mb in roots



Greater the colonization greater will be the P uptake from soil solution.

In this table there was conducted by different fungus in treatments.

Glomus intraradices increases the infection percentage and Glomus
I

fasciculatum increase the P content in cashew plant.

3. Photo synthesis

Greater the availability of  light and photo synthesis more will be 

carbohydrate availability o f  VAM fungi and their effectiveness.

4 C.1/C4 pathway

C3 plants are more mycotrophic as rate of  photo synthesis is higher in

them

III. Agricultural  practices

a) Fertiliser addition

AMF infection has been reported to be most prevalent in soils of  low 

fertility Perhaps the differences in degree of infection associated with fertility are 

related to the urowth rate of roots In viuorouslv growinu roots the infection increases 

and hence, the response increases A general principle is that a low to moderate 

fertility enhances the degree of mycorrhizal development and plant response In 

particular the level of  plant available P appears to be a suitable index for predicting a 

growth response to AMF in a given soil Internal P content of  the root contiols \MF 

infection by controlling sugar content of the roots It has also been proposed that 

internal P may work by controlling the permeability o f  root cell membrane Hence 

mycohorrizal infection could be excluded in fertile agricultural land and soils

b) Tillage

Frequent tillage practices nITccts soil water, temperature and structure 

which affects mycorrhizal activity Disturbance of  hyphae by tillage leads to decreased

root colonization

c) Crop rotation
Pre cropping with a host plant increases infection and continuous cropping 

builds up inoculum as the fungi are obligate symbionts

IV. llse of fungicides



Most o f  fungicides stimulate crop growth by eliminating soil borne

pathogens and may help the spread o f  mycorrhizae. Excessive application may 

inactivate mycorrhiza

Tilled plots are respected to more available P content in soil. Though the 

difference was not significant. Herbicide treatments also should no significant 

difference. Plots without herbicide application registered relatively more available P.

With respect to fertiliser level highest value was recorded in plots where 

half the recommended dose of fertiliser was applied along with AMF inoculation and 

it was followed by full recommended dose o f  fertiliser. Available P was lowest in 

plots treated with organics alone.

Though the fertiliser treatment had no significant difference. VAM 

inoculation along with organics and

inrganics recorded the highest value because of  its inherent ability to assimilate more 

phosphorus from deeper soil layer (Hamel, 1992).

Scope of A M F  in sustainable productivity 

Crop production

Now it is well established that AMF improve plant growth and nutrition 

and play a key role in helping the plant under several stress situations ( e g  nutrient 

deficiency, drought, salinity or soil distirbance) A logical next step is to ascertain the 

possibilities of harnessing the symbiosis to challenge its potential in agriculture and 

horticulture systems or in the establishment and maintenance of  forest and grassland 

ecosystems If has been shown repeatedly that plants hearing dual nuilualistic 

symbiosis, such as nodulated and mycorrhi/al legumes may be well adapted to 

habitats with low availability of both N and P These symbioscs enable the plants to 

play an extremely important role as pioneer colonizers of  nutrient-deficient soils

Legumes because of their shallow toot systems ate poor competitors for 

scarce phosphorus as against grasses They may he overgrown bv more vigorously 

growing grasses unless they develop an AMF association to help to meet the 

phosphate needs for effective nodulation AMF also ensures a reasonable share of  any 

subsequently applied P for legumes It also helps in the introduction of  lornge legumes 

in new habitats Since legume require higher levels of  phosphate for growth and 

effective nodulation and it is known that N2 - fixation has a high phosphate



requirement and improved P nutrition by way of  the mycorrhizal association may 

therefore have the secondary' effect o f  stimulating nodulation and nitrogen fixation by 

Rhizobium spp. At lowf soil P level AMF produced a 5-fold increase in total clover dry 

weight when growm alone, and a 40-fold increase when grown with rye-grass. The 

clover appeared to be infected in preference to the grass, and AMF induced depression 

in yield were observed in the grass.

Efficient Utilisation of Applied Fertilizers

.Al though  A M F  inoc u l a t i on  is no t  a s u b s t i t u t e  for  p h o s p h a t i c  fert i l isers,  

ne ve r t he l es s ,  t h e y  g r e a t l y  inc re as e  the ut i l i za t ion o f  na t ive  and  app l i ed  P by  the  hos t  

p lan t s

R o c k  p h o s p h a t e  is k n o w n  to be  a g o o d  s o u r c e  o f  p h o s p h o r u s  to  p lant s  in 

acid soil A M F  i n o c u l a t i o n  g rea t ly  e n h a n c e s  its u t i l i za t ion  in acid soi ls R ec e n t  

r e s e a r c h e s  h a v e  s h o w n  that  Y A M  infec t ion  can  inc rease  plant  g r o w t h  and  n o d u l a t i o n  

even  w h e n  they  a re  g r o w i n g  on  neut ra l  and  a lkal ine  soi ls w i t h  a d d e d  r o c k  p h o s p h a t e  

M o r e o v e r  r o c k  p h o s p h a t e  d o c s  not  r e d u c e  the level o f  A M F  infec t ion  as d o e s  soluble  

P S in ce  A M F  p lan t s  a l so  t a k e  up  their  P f rom the  p lant  ava i l ab le  p h o s p h a t e  f ract ion,  

the  p oo l  o f  labi le P that  is r e s to r e d  by chemica l  d i s so c ia t io n  o f  p h o s p h a t e  ions f rom 

rock  p h o s p h a t e  T h u s  r o c k  p h o s p h a t e  m a y  serve  as a po t en t i a l  s u b s t r a t e  for  P u p t a k e  

ev en  in h igh p H  soi ls

Re-establishment of Ground Cover in Eroded and Degraded Sites

T h e  s t r u c t u r e  o f  A M F  and thei r  a d a p t a t i o n  to  p o o r  fert i l i ty levels  s u g g e s t  

that  th e y  h a v e  e v o l v e d  wi th  a pa r t icu la r  m e c h a n i s m  to help  the  plant  to  su rv ive  in 

a d v e r s e  e n v i r o n m e n t s  / ru m c iu i  Icucoce/ihtil. a l e g u m e  t r ee  h ighly  d e p e n d e n t  on  

A M F  a s s o c i a t i o n  for  its e s t ab l i sh me nt  and n o d u l a t i o n  m a y  u nf o l d  g r ea t  poten t ia l  for 

e r o s i o n  c o n t r o l  and  reh ab i l i t a t ion  o f  d e g r a d e d  si tes t h r o u g h  then  r e f o r e s t a t i o n

T h e  loss  o f  fo p  soil and  v e g e t a t i o n  is an o b v i o u s  c o n s e q u e n c e  o f  e ro s i o n  

Th i s  l e ads  to  d e p l e t i o n  o f  A M F  p r o p a g u l e s  f ro m e r o d e d  soi ls  U n d e r  s u c h  a s i tua t ion  

reinf r e d u c t i o n  o f  A M F  has  b e e n  fo u n d  to  help the  g r o w t h  an d  surv iva l  o f  c lover

L e g u m e  p l an t s  g r o w i n g  in coal  w a s t e s  a rc  m y c o r r h i z a l  and  wel l  n o d u l a t e d

S u c h  s y m b i o t i c  a s s o c i a t i o n s  a rc  p re - req u i s i t e  for the  su c c e ss fu l  e s t ab l i sh men t  o f  long

term vegetation on these soils 

Encouraging V eg eta t ion  on Polluted Land*



Sewage sludge o f  urban and industrial effluent polluted soil with heavy' 

metals such as Cd, Ni, Zn, Cu, Pb, Mn, Fe etc. favor AMF growth which in turn play 

an important role in stimulating growth o f  crops on effluent treated soils. A large 

numbers o f  plant species have bem  reported to survive in tannery effluent polluted 

soils with the help o f  AMF colonization on roots.

Limitations in A M F  Use

I. The large scale use o f  AMF in Indian agriculture is still not practised, this is largely 

due to the handicap of  inoculum production on large scale as they can only be 

multiplied on host plant and can not be cultured.

2 L a c k  o t  d i f f icul ty  in p r o d u c t i o n  o f  p a t h o g e n  f ree i n o c u l u m  in sufficient  

q u a n t i t i e s

3 I n t r o d u c e d  A M F  fungi  have  to be  appl i ed  at h ig he r  i n o c u l u m  dens i ty  b e c a u s e  o f  

c o m p e t i t i o n

4 Soil  s t e r i l i za t ion  is not  poss ib le  on  large  scale

5 I m p a c t  o f  e c o lo g i c a l  f ac to r s  on  impac t  o f  A M F  fungi  has  to be  e s t ab l i shed

6 L a c k  o f  a c q u a i n t a n c e  o f  f a rm ers  wi th  beneficial  role  o f  A M F  a s s oc i a t io n

7 F.a .v ava i labi l i ty  o f  A M F  u i l t u r e  is m o r e  difficult

8 Indian  e f fo r t s  w i t h  r e g a r d  to A M F  res ea rch  a re  far f rom a d e q u a t e  and  the re  is lack 

o f  m d c p t h  q u a l i t a t iv e  analyt ical  da ta  f rom avai lable  s tud ie s

Phosphate  Solubilizing Microorganism (PSM)

P h o s p h a t e  so lubi l iz ing m i c r o o r g a n i s m  ( P S M )  plas a ma joi  i o I c  in the

so lub i l i sa t ion  and  u p t a k e  ol na t ive  and appl i ed  soil p h o s p h o m s

Most of the  Indian soil; arc deficient m available foim of T v  and its

requirement is met by the addition of phosphatic fertilizers but the use efficiency of 

applied phosphorus rarely exceeds 30 per cent due to its fixation cither in the Ibtm of 

aluminium or iron phosphate in acidic soil and in the form of calcium phosphate in 

neutral and alkaline soils. In our country high grade rock phosphate required for the 

manufacture o f  phosphatic fertilizers is becoming costlier and limited by its low- 

reserve. therefore the need to utilize vast reserves o f  low- grade rock phosphates

becomes inevitable

In this context, phosphate solubilizing microorganism plays nn important 

role in utilization o f  unavailable native phosphates as well as added in soluble



Distr ibution o f  p h o s p h a te  so lubil iz ing m icroorgan m ism s

Many fungi Aspergillus, Pencillium, Mitcor, Fusarium, Candida etc ), 

bacteria (Bacillus, Pseudomonas, Micrococcus, Flavobacterium) and actinomycetes 

(Streptomyces) were involved in phosphate solubuilization. The population of 

phosphate dissolving microorganisms is more in the rhizosphere compared to non- 

rhizosphere and the higher population of  PSB in the rhizosphere is of  great relevance 

to plants especially in ‘P ’ problem soil as it helps in the solubilization o f  phosphorus.

Crop response to PSM inoculation ____

Feneficial influence of artificial inoculation with PSM has been observed
i
f

for different crops under diverse agro climatic conditions. Garetsen (194S) was the 

first to report the increased yield accompanied with high phosphorus uptake in oat 

plants inoculated with PSM lie reported increased yield in several crops inoculated 

with Bacterium-P, a tricalcium phosphate solubilizing organism

In India by developing improved techniques for isolation of  rock phosphate 

solubilizing microorganism, new efficient bacteria and fungi such as Pseudomoihis 

striata, Bacillus polymyxa, Aspergillus trunnion and Pencillium digitatum  were

selected for preparation o f  carrier based inoculant

In USSR the use o f  phospliobactcrium has been found to increase yield of 

plants by S- 10 per cent The increase in crop yield has been attiibulcd to:

1 Increase soluble phosphate nutrition to plants

2 Synthesis o f  growth promoting substances

3 Production o f  antibiotic like compounds

Interaction of beneficial micro organisms

Plants inoculated with AMF and PSM have been found to mobilize

significantly higher amount of  phosphorus than those inoculated separately with these

micro organism The plant inoculated with Rhizobium and PSM together has

improved yield as well as nodulation The definite synergistic interactions among 

Rhizobium, PSM, and AMF need to be explored for soil fertility Combined 

inoculation o f  PSM and AMF results in greater growth response of  black gram and



green gram. The greater growth response due to PSM and AMF combined inoculation 

than with alone in PSM inoculation in phosphate amended soils can be explained as 

the activity o f  AMF fungus in transporting the extra P solubilised by PSM from and 

beyond, the P depleted zone to plant roots.

Table 6. Response to Brady rhizobium, VAM and phosphate solubilisers inoculation 

on nodulation, plant growth and grain yield of  soyabean var. PK-261

Strain Nodule 
No./pi.

Nodule 
dry wt. 
mg/pl

Shoot dry wt. g/pl Grain
yield
(t/ha)

30 days 60 days

Unmodulated control 14.5 157 9.57 23.53 2.685
Pseudomonas straita (Si) 32.7 464 12.23 27.20 3.753
Bacilluspolymvxa (S;) 29.S 464 1 1.93 28.47 3.380
S. -  S2 31.8 478 10.37 30.47 3.796
Indigenous VAM (Mi) 25.0 386 13.13 26.70 3.935

j Glomus fasciculalum  (M;) 35.5 381 10.60 25.53 3.611
Bradvrhizohium lanonicum ( I) 39 3 483 10.90 2S ,n ■* n c f

I + S, 34 3 530 10 87 33 20 A . j  ̂  \ ------------
I + Si 43 0 403 10 73 23.90 3.704
I -  M, 17 7 454 12 4 3 34 90 3 750
(Singh,H P ,1994)

Hradyrhizohntm japnnictim + AMF increase the grain yield and increased 

the nodulation in plants (table 6)

Table 7 Interaction clTect of  Rhizobium, PSB and P sources on total N & P uptake (kg 
ha'1) of  grain o f  pea

Source Rhizobium PSB alone Rhizobium Mixed Mean
alone i PSB culture
Grain Grain Grain Grain Grain

SSPjo 13 0 13 2 16.9 16 4 14 9
•«/ u

SSP«50 14 4 13 7 16.8 16 6 15 0

MRP jo 13 1 13 5 16 6 16 2 14 9

m r p 60 113 11.4 114 11.3 11 4
•  “  m  l J U

Mean 12 9 12.9 15 4 15 1 -

(Somani, 2002) /



T reatment Yield
(kg/tree)

Ti - Azotobactor alone 2.91
Ti - .Azospirillum alone 3.25
T3 - Azotobactor + Azospirillum 3.51
T4 - Azotobactor + Azospirillum + VAM 3.65
T j -  Control 2.83
(Usha, 2001) /

Combined inoculation of Azotobacter, Azospirillum + AMF increased the 

yield in cashew.

Table 9 Effect o f  inoculation o f  AMF and PSB on the quality and yield parameters of 
tomato

T r e a t m e n t p H  o f  pulp T S S  ( % ) A s c o r b i c  acid c o n t e n t  
( m g  100 g)  o f  f resh 

f ru i tco t

Frui t  
yield I 

(g /p lan t )

C o n t r o l 5 65 4 64 2 3 . 1 0 1012.73

G l o m u s  +• P S B 3 86 4 82 28 IS 1368 0 0

Glorn 11 v fa scicnlatum 3 67 4 52 25 10 1205 S2

P S B 3 76 4 70 2 6 . 6 2 1222 78

( N a r a y a n a n ,  2 0 0 0 )
In t o m a t o  fer t i l izer  c o m b i n e d  wi th  Glomusfasciculatum  i n c r eas ed  the  yield

by 3 5°-a and  a l so  i m p r o v e d  the  fruit qua l i ty  C o m b i n e d  in o cu l a t i o n  no t  only  i m p r o v e d  

the  qua l i fy  bu t  a l so  i m p r o v e d  the c h a r a c t e r s  like a sc o rb i c  acid c o n t e n t ,  p H  ol the  pulp.

total  s o lu b le  s u g a r s  e tc

Conclusion
Biofertilizers are effective supplement to fertilizers, ccofricndly and

reduces the cost towards fertiliser use especially N and P

The use of  phosphatic fertiliser can definitely supplement plant P

requirements While PSM solubilise insoluble and fixed P compounds in the soil, the 

VAM can able to exploit phosphate present in the zone beyond the reach of  plant roots

and make them accessible to plants



Agricultural importance o f  VAM fungi is mainly due to their ability to 

increase the phosphate uptake and other major and micro nutrient requirement of crop 

plant. Inoculating crop plant with VAM fungi alone or in combination o f  PSM can 

lead to more economical use o f  costly inorganic fertiliser and better exploitation of in 

expensive fertiliser. /



DISCUSSION:

1. What are the phosphatic fertilisers available in Kerala?

Rock phosphate, Rajphos, SSP

2 . What is pre cropping? How it’s use in V A M  inoculation?

VAM propagules are raised in situ by growing strongly mycohorrizal host 

plants and leaving the infected roots and associated spores in soil to infect the next 

crop grown in the same field.

eg. Maize, sorghum crop

3. What are the other microbes solubilising phosphate?

1 B a c t e r i a

2. F u n g i

3 A c t i n o m y c e t e s  —> s t r e p t o m y c i n

4 H o w  is th e  ava i l ab i l i ty  o f P S M  in m a r k e t 9

It is eas i ly  ava i l ab le  in the  m a r k e t  and  is c h e a p  T N A U  supp l i e s  V A M  to  the  f a rm ers  at  

c h e a p e r  r a t e s

5 N a m e  o f  c o m m e r c i a l  p r o d u c t  o f  V A M 9 

Surya ,  R o j a
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Introduction

"Quality o f environment is one o f the major indicators o f the level o f development o f a
country"

Nature and mankind are an inseparable part o f  life that includes land, water, air, 

space, energy, flora and fauna, which are interconnected, interrelated and interdependent. 

There are unlimited forms o f  life on earth. Man is one among the many species 

competing with all others for survival. In the name of  progress, the human race has 

changed from being hunter-gatherer to a self-centered modern man, a destroyer of nature 

so much so that development in a sense has become synonymous with environmental 

degradation and progress with pollution There is also a growing recognition that the 

indiscriminate usage o f  natural resources has led to serious problems.

Environmental pollution in India has become a major issue of  public policy and research 

in the recent years Unprecedented economic growth during the last few decades has led 

to extensive environmental degradation of  all parts of  the ecosystem Most studies on 

soil contamination in India have been carried out by scientific groups on localised 

problems around the pollution sources These reports clearly show increasing soil 

contamination due to antrhropogenic activities With increasing urbanisation and 

industrialisation the recycling of lieavv metals and other pollutants in the environment 

through biotic and abiotic pathways is bound to increase with the increasing use ot 

metals, pesticides and other chemical-based commodities in the societc

Causes for environmental  pollution

♦t* Environmental p r o b l e m s  have arisen in India due to many causes The 

ever-growing populations of human beings and animals have led to 

uncontrolled over-exploitation of the natural sources 

•!* The general indifference of the industrial sector towards the aspects of 

environmental safety and protection has been the major cause for the

pollution of  soil, water and air 

•> The economic growth in our country in the recent years has necessitated 

increased use of  energy generated mostly from fossil fuels for industrial.



agricultural and domestic purposes. India has been listed by the World 

Resources Institute as the fifth biggest contributor of  greenhouse gases.

•> The policies o f  the State and Central Governments have not incorporated 

environmental safety accountability conditions and so, many development 

projects have been conceived and contemplated for short-term gains 

without concern for environmental safety.

The awareness and concern for environmental safety is very low among the common 

public, because o f  which the violators causing environmental pollution do not have the 

social accountability, being primarily interested to make personal gains irrespective of  the 

negative effects o f  their activities on the environment

W ate r  - Scarcity and Pollution

Water is the basic necessity for all life Water received as rainfall has been 

estimated to be 4000 km’ annually. But it has been possible to harness only 690 knv for 

beneficial use The ground water potential is estimated at 450 knv . The pattern of water 

use in India is such that °3% is used by the agricultural sector and 3 73° o by the domestic 

sector About 80% of the 14 perennial rivers in India arc polluted with sewage Industrial 

effluents, agricultural run-olf, diimpmu "I toxic wastes in risers and other large water 

bodies are the cause of  water pollution

To control water pollution, effluent treatment plants must be 

installed in industries Water fpiality monitoring stations must be cieated in all the major 

river systems A Icc'al provision to prevent and contiol water pollution is also provided in

the form of the Water Act

D EG R A D ATIO N  O F  LAND RESOURCES

India has a total land area of about 124 rnha, of  which only 266 mha is under 

proper usage Land degradation and change in land use patterns arc the main problems 

concerning land resources in India In urban areas, land pollution is caused by disposal of 

solid wastes and discharge o f  effluents In rural areas, it is due to intensive agricultural 

practices and excessive use o f  chemical fertilizers and insecticides



INTENSIVE A G R IC U L T U R E

At the expense o f  forestlands, the land under agriculture has almost 

doubled. The Green Revolution emphasized hybrid varieties, excessive use of  fertilizers, 

insecticides and weedicides, and has now rendered nearly 13 mha irrigated land unfit for 

agriculture. Groundwater depletion for agriculture is twice the rate of  recharge. 

Agriculture has degraded 125 mha of land with monoculture, salinization and water 

logging. Intensive agriculture has converted many fertile lands to waste lands.

Fertility o f  these degraded lands can be regained by adopting traditional farming 

methods and by substituting chemical fertilizers with organic manure and bio-pesticides. 

Sustainable agricultural practices to produce enough food to feed the growing population, 

with least stress on the land and water resources, are the challenges faced by the 

agricultural sector

Waste management aims at curtailing the waste from the initial stage ol 

production Wastes could be managed by making the manufacturing process efticient. 

reusing the waste generated and by recycling the waste products

Waste is generally defined as "something, which is not put into proper usage at a 

given time" As the population increases, the amount of waste generated also increases 

The accumulation and improper disposal ol waste leads to environmental pollution and 

accelerates the spread of communicable diseases

Global climatic change and agricultural production

The predicted changes in climate, especially increased atmospheric CO;, 

temperature and precipitation, associated with changes in nitrogen deposition, tropo- and 

stratospheric ozone levels, UV-B radiation, etc., can have great impacts on world 

agricultural production and supply patterns In order for agricultural production to be 

sufficient to meet the demands of the ever-growing human population, the impact of the 

climate must be understood and integrated in any future planning



E ffe c ts  o n  s o i l  f e r t i l i t y

A sudden doubling o f  the atmospheric CO2 concentration and associated higher 

temperatures as in most experimental setups, both enclosed and under free-air enrichment 

may result in soil degradation including nutrient depletion. A potential increase in initial 

soil fertility under elevated atmospheric CO2 can be expected if the increase in CO2 

occurs gradually, as in practice and as is the case in crop models that take into account 

the gradual transient increases.

The Underlying Causes of Environmental Degradation

Environmental degradation is a result of the dynamic inter play of socio

economic, institutional and technological activities. Environmental changes may be 

driven by many factors including economic growth, population growth, urbanization, 

intensification o f  agriculture, rising energy use and transportation (Stefano Pagiola, 

1995) Poverty still remains a problem at the root of several environmental problems.

Social Factors 

Population

India supports 17 per cent of the world population on |ust 2 4 pei cent ol world 

land area It's current rate ol population growth at 1 S5 per cent continues to pose a 

persistent population challenge Population is an important source ot development, \ct it 

is a major source of  environmental degradation when it exceeds the threshold limits ol

the support systems 

Poverty
Poverty is said to he both cause ami ell'ect of  environmental degradation The 

circular link between poverty and environment is an extremely complex phenomenon 

Inequality may foster un-sustainability because the poor, who rely on natural resources 

more than the rich, deplete natural resources fasler as they have no real prospects of

gaining access to other types of  resources



Lack o f  opportunities for gainful employment in villages and the ecological 

stresses is leading to an ever increasing movement o f  poor families to towns. Mega cities 

are emerging and urban slums are expanding.

Economic Factors

To a large extent, environmental degradation is the result of  market failure, that is, 

the non existent or poorly functioning markets for environmental goods and services. In 

this context, environmental degradation is a particular case o f  consumption or production 

externalities reflected by divergence between private and social costs (or benefits). Lack 

of well defined property rights may be one of the reasons for such market failure. On the 

other hand. Market distortions created by price controls and subsidies may aggravate the 

achievement o f  environmental objectives.

Economic development

The manufacturing technology adopted by most of the industries has placed a

heavy load on environment especially through intensive resource and energy use. as is 

evident in natural resource depletion itossil luel. minerals, timber), water, air and land 

contamination, health hazards and degradation ol natural eco-systems

Transporta t ion

Transport activities have a wide variety ot cflects on the envnonmcnt such as air 

pollution, noise from road trallic and oil spills Irom marine shipping 1 ransport 

infrastructure in India has expanded considerably in lei ms ol netw oik and services. Thus, 

road transport accounts for a major share ol air pollution load in cities such as Delhi

Direct impacts o f  agricultural development on Ihc environment arise from farming 

activities which contribute to soil erosion, land salination and loss of  nutrients



The agents of pollution includes 

Distillery effluents

In India, large quantities o f  waste-water generated in the form of  distillery effluents are 

discharged on land and into the river courses. The distillery waste waters are 

characterized by low pH, high BOD (Biological oxygen demand) and COD (chemical 

oxygen demand) values and contain high percentages of  organic and inorganic materials.

T annery and  tex tile  in d u str ia l effluents

The effluents generated from tanning and textile industries are characterized by high 

values o f  BOD, COD, Na and dissolved solids. The addition o f  tannery effluents will 

cause deflocculation o f  soil particles and will destroy the soil microstructure. Similarly, 

deleterious effects such as increase in sodicity, EC and pH have been observed by the 

discharge of textile effluents on land Salinization and alkalization of the soil and ground 

water will occur under the land on which tannery and textile effluents are applied

Tannery effluents

There are about 3000 tanneries in India mostly spread ovci Tamil Nadu, Karnataka, 

Maharashtra, Uttar Pradesh, Rajasthan and Punjah In leather processing, laige quantities 

of chemicals like sodium chloride, chromium sulphate, calcium and ammonium salts and 

organic dyes are used I lie tannery effluents are considered as the worst pollutants 

among all industrial waste waters The diluents from chrome tanners- will contain much

higher amounts of suspended   Is. dissolved salts and chlorides compared to those from

vegetable tanning Tannery effluents, when let on the lands, will reduce the porosity and 

hydraulic conductivity o f  the so,I, will increase ihc hulk density due to dclloccula.ion of 

clay particles and will affect the chemical and biological properties o f thc  soil



Table. 1. Tolerance limits for disposal o f  tannery effluents

\

Parameters
Permissible limits of  effluents to be discharged

into inland surface water on land for irrigation

_PH 6.0-9.0 6.0-9.0
BOD 30 100
Suspended solids 100 200

"Chloride (as cl) 1000 200
Chromium (as Cr) 2.0 2.0
Sulphides (as S) 2.0 -

Sodium (%) - 60
Oil and grease 10 10

(Protection) Rules 1986)

Pollutants from  textile  in d u stry

In the textile industry, a large number of chemicals including different salts of sodium, 

bleaching powder, mordants and detergents are used. The effluents emanating from 

textile units are characterized by high salinity, BOD, COD and excessive concentration of 

sodium and carbonate ions Discharging of effluents Irom the textile industries will 

increase the sodium carbonate and bicarbonate contents ol soils and will increase the

SAR and R.SC

Pollution from pulp and pap e r  mills

Solid and liquid wastes arc disposed oil Cron, pulp and paper industries Wood-dust. 

lime-sludge, coal-ash and fly-ash arc the solid wastes front the pulp and paper industries. 

The most important problem m the pulp and paper industries is the disposal of  large 

volumes o f  effluent waste water Large quantity of  water (230 m ’ to 500 m' water for 

one tonne o f  paper) is used in this tnduslry and the waste water from the pulp and paper 

industry carrtes chlorides and sulphates of  sodium and calcium and vatymg amounts of 

suspended organic material, Extensive chlorine bleaching o f  the pulp material will 

produce a wide range o f  organic chemicals many o f  which have known carcinogen,c or

mutagenic properties Unless the potentially toxic compounds in the efduen, are

^  nc degradation volatilization and sorption, land treatment ameliorated by processes such as degratia
fleets contamination of  ground and surface waters, 

may result in adverse environmental cttec .



plant uptake and phytotoxicity, entrance to the human food chain and toxicity to soil V
organisms.

CoaJ combustion residues

Combustion o f  coal, predominantly for generation of  electricity produces large amounts 

of residues called flyash hich have the potential to contaminate soils and surface as well 

as ground waters. It is composed predominantly of  fine particles collected in emission 

control devices such as electrostatic or mechanical filters. Flyash is sometimes mixed 

with bottom -ash  which is the residue from coal combusting that remains in the boiler 

that is generally a mixture o f  ash and slag. The physical, mineralogical and chemical 

properties o f  fly-ash depend on the composition of the parent coal, conditions during coal 

combustion and the efficiency of emission control devices. Particle sizes are commonly 

between 0 01 and 100 pm Flyash contains predominantly Si, Al and Fe. Other elements 

like As, B. Ca, Mo, S, Se, Sr, Cd, C'u, Mn and Zn arc also present

The main environmental contamination problems resulting from the disposal or 

utilization o f  flyash relate to its high soluble salts content and potential toxicity of some 

individual elements like B

MIGRATION OF CHROMIUM IN SOILS

The effluent and sludge disposed f rom tannery industries into risers and on to land has 

led to extensive degradation ol productive land I lie tannery wastes topically consists ol 

salts (Sodium, chloride, sullates etc ) and chromium, both of which thieatcns suifacc and 

subsurface land and water resources The fate of Ci in tannery' wastes contaminated soils 

and its impact on the environment is shown m lug I High concentrations of  heavy 

metals in soil due to effluent and sludge is of  concern because of  possible phytotoxicity 

or increased movement of  metals in to the food chain (( hancy, 1 190)^,
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Fig. 1. The fate of Cr in tanner)' wastes contaminated soils and its impact on the 

environment

Chromium in soil

The mean values o f  Cr in surface and subsurface soils collected around selected tanneries 

at Ambur and Vaniyambadi are depicted in lie 2 \t both the locations the Cr content did 

not show a definite pattern with soil depth but accumulated in soil This may be due 

partly to the varying texture oi the ><>tl and hvdiological features ol the sampling site, 

which may have influenced the mobilit* ot ( i and resulted in Jitlerential accumulation in 

the soil profile Nevertheless at \  anivanihadi the ( r contamination exceeded 70,000 

mg/kg at depths exceeding 70 cm I he dillerences in the chemical constituent ol 

effluent/sludge also contributed to the variations in ( i accumulation In nature C r can 

occur in both hexavalenl C r VI and Invalerit ( i III loim depending on the nature ot 

environment which exists primarily as ( r () a, and IK rO» in natural systems (Richard 

and Bourg 1991) is o f  particular concern, even at low concentrations, it is toxic to both 

plant and animals The Cr VI is more soluble and more mobile in the environment than



Fig. 2 Depth wise ch rom ium  content in the soils of A m hur  and Ynniyambadi 

Potential problems of chrom ium

Chromium and salts arc potential pollutants of soil, surface water, ground water, 

sediment and air, where the soils do not originate from serpentine minerals, high Cr 

content o f  the soil is oflen associated with human induced contamination mainly from 

industrial operations such as tanning and direct disposal of  sludge and waste water for

land application The toxicity and mobility of Cr depend on its oxidation state The

trivalent form arc relatively immobile, more stable and much less toxic than the

hexavalent forms Chromium forms a large number o f  relatively kinetically inert



complexes which can be isolated in solids. Well known complexes are amines. 

Chromium is not a significant contaminant of plant tissues except at sites with specific 

discharge points. Toxicity to plants depends on the pH of the media and hence the 

availability o f the free presence o f organic chelators, cations, nutrients and other heavy 

metals in solution, influence the toxicity to plants.

ORGANIC PO LLU TAN T CONTAMINATION IN SOIL AND WATER

Organic po llu tants in soil

Soil is polluted with the pesticides in several ways such as through deliberate use for 

controlling soil inhabiting pests, through fall out during spraying or dusting or through 

disposal o f  pesticidal containers or the soil near vicinity of  industry sedimentation of 

particles carried out through air Thus, the soil is reservoir o f  pesticidal contamination 

Fate of pesticides in soil

Qui t e  of t en ,  p e s t i c i d e  is ap p l i ed  directIv to soil for con t ro l  o f  pests ,  w h e n  it c o m e s  into 

c o n t a c t  w i th  the  soil it is im m e d ia te l v  sub jec ted  to va r i o u s  r e a c t i o n s  w i t h  soil and 

e n v i r o n m e n ta l  f a c t o r s  1 he l a t e  of  pes t ic ides  in soil per t a ins  to their  in t e ra c t i on  wi th  the  

soil e n v i r o n m e n t ,  w h i c h  is g o v e r n e d  by several  f ac tor s  n r , A d s o r p t i o n ,  1.caching .  

Volat i l i ty,  m ic ro b i a l  d e g r a d a t i o n  chemica l  d e g r a d a t i o n  and p h o t o  d e c o m p o s i t i o n

I. Adsorption

The attraction o f  ion o r co m p o u n d s  In  the .sur face of a solid l ire adsorption ol pesticides by 

soil is determined largely by the cliaiaclcrislics ol die pesticides and of die soils to which they 

are added The presence of certain functional groups such as -OH. -NIC, 

-CONHr and -C O O R  in Ihe chemical structures encourages adsorption, especially on the soil 

humus In general, Ihe larger Ihe size of  the pesticide molecule, Ihe greater is its adsorption 

Maximum adsorption occurs at low pH levels where prolonation occurs The adsorption or 

pesticides by soil colloids encourages the persistence of the pesticide in soil for long period,



2. Leaching

Strongly adsorbed molecules are not likely to move down the profile. 

Conditions that encourage adsorption will discourage leaching. Leaching takes place 

readily in permeable sandy soils that are low in clay and organic matter. In general 

herbicides are more mobile than either fungicides or insecticides. Soil texture, soil 

permeability, volume o f  water flow, adsorption of pesticides to soil colloids and water 

solubility o f  pesticides are the principal factors influencing leaching.

3. Volatility

Volatility is the phenomenon by which a chemical passes from the solid or liquid state to 

the gaseous state Volatility of  pesticides becomes important when economic loss occurs. 

In this process pesticides will be distributed throughout the soil profile 

eg., methyl bromide fumigation to control soil insects

Javakumar 11995) reported that the ester form of 2, d-D compounds are volatile 

and the gases evolved injured the susceptible crops like cotton and tomato. The gas may 

also more in porous soil, thus uiusmu ni|urv tu geiinitiating seeds. I he loss ol pesticides 

through volatilization may be reduced by soil incorporation and using special 

formulations such a granules

4. Microbial degradation

Table 2. Bio-degradation of organic pollutants by microbes

Pollutants Microbes capable of degrading them

Insecticides

Dieldrin Anacystisnidulans, Actinomycetcs and I'scmbnumas

Endosulfan
Bacteria, Fungi, Soil Acctinomycctes

Endrin Micrococcus and Vscuconwms

Parathion Bacillus suhtihs and Chtorella pyremldosa



Lindane Chlamydamonas reinhardi, Chlorel/a vulgaris and Clostridium
Herbicides

Monuron Pseudom onas
2,4,-D Achroniobacter, Corynebacterium and Flavobacterium
MCPA Achromobactor and mycoplana

Dalapan Agrobacterium and Pseudomonas
d n b p Corynebacterium and Pseudomonas

It is reported that the aspergillus niger has got a key role in 2,4-D degradation in the rice 

fields (Durga Devi, 2002)

5. Chemical degradation

In contrast to biological reactions the deactivation of pesticides may occur purely by 

chemical reactions Chemical decomposition may destroy some pesticides or activate 

others Some pesticides undergo chemical modification independent of soil organisms 

Hydrolysis, reduction and oxidation are the most important chemical process. 

The trtazine herbicides (eg , atrazme) and organophospliate insectidcs (e g malathion) arc 

subject to hydrolysis and subsequent degradation in the soil (Jcvan Rao. l°hQ)

Herbicides may interact chemically with other pesticides in the soil, resulting in 

enhanced phytotoxic cllccts I he II oxidation ol 2, 4-1) B to 2. 4 -0  icsults in an incicased

phytotoxicity fJayakumar, I90.S)

6 . Photodecomposition

Photodecomposition is an important mechanism for the deactivation o f  pesticides 

exposed on soil surface Ultra violcl rays and sunlight plays a crucial role in lhe degration 

of  pesticides in soil and water Amibcn and trifluralin arc examples o f  pesticides that are 

susceptible to photodecomposition, whereas DDT, dia qua! and the trinities are subject 

to slow photodecomposition (VValia and Diireja, 1993).



Water has been found contaminated with organic pollutants by one way or the other. In 

order to destroy unwanted plants, weeds, insects, and fishes etc., the delibrate use of 

pesticide is being done due to which water is contaminated. Water has also been found 

contaminated with pesticides and lertilizers at places which were quite away from the site 

of application. Water sources are also contaminated through run off from fields, through 

sewage disposal, through the effluents of industries using pesticides and fertilizers, 

through dead and decayed plants treated with fertilizers etc. In UK, the pressure of 

insecticides was reported in rain water. Fresh rain water on the top of  the Himalaya was 

found possessing pesticide residues Snow from Artie ocean was also found to be 

contaminated and the tap water before falling on the ground showed the presence of 

insecticidal residue Many great rivers of the world

Ground w ater  con tam ina t ion

M o v e m e n t  o f  p e s t i c i d e s  and  l e i t i l i / e r s  appl i ed  to soil, t r o m  ihe  site ot  app l i ca t ion  by 

leaching b e l o w  c r n p  r o o t  / o n e ,  resu l ts  in poss ib le  d e t e r i o r a t i o n  o f  the qual i ty  ot 

g r o u n d w a t e r  T h e  p e s t i c i d e  w i t h  a solubi l i ty value  ot m o r e  than  aO p p m  and  halt - l i t e  

g ra t e r  than  21 d a y s  will h a v e  the  poten t i a l  to leach d o w n  ( B e c k e r  ct til., 1 ^ 8 ‘B  A review 

by the e n v i r o n m e n t a l  p r o t e c t i o n  a g e n c y  ( B P A ,  1(>N(>) ol  W e s t e r n  Aus t ra l ia  s h o w e d  that 

n u m b e r  o f  s a m p l e s  s h o w e d  the  p r e s e n c e  of o n e  01 m o t e  he rb ic ides  In g r o u n d w a t e r  at 

levels e x c e e d i n g  E P A  cr i ter ia ,  h a v e  inc reased  over  tecei i t  yea r s  

Persistence o f organic residues

A pesticide residue in soil includes any derivatives, such as conversion and degradation 

products, reaction products, metabolites and impurities Only a portion o f  the pesticide 

residues found in soil result from direct application Atmosphere also contains residues of 

pesticides that arc likely to be added to soil with rainfall Pesticides may also reach the 

soil from plant or animal remains which become incorporated with the soil



The organochJorine insecticides are much more persistant than other pesticides on 

an average, DDT persist longest in soil followed by dieldrin, endrin, lindane, chlordane, 

heptachlor and aldrin in order o f  decreasing persistence.

It is evident from table that chlorinated hydrocarbon insecticides like aldrin, BHC 

and heptachlor persist in the soil for a long period while organophosphates and carbamate 

insecticides persist not beyond 4 months in soil. Similarly the persistence of  herbicides 

like altrazine, simazine is for 9-12 months while that 2, 4-D, Dalaphone etc., is not more 

than 1 month.

The residues o f  c a r b o f u r a n  w e r e  d e t e c t e d  in the c u c u m b e r s  w h e n  the  c a r b o f u r a n  is 

applied at the  n o r m a l  r e c o m m e n d e d  ra t es  It is r e p o r t e d  that  the  c a r b o f u r a n  and i t ' s  

metabolite is p r e s e n t  in the  b lack  p e p p e r  be r r i ses  even af ter  six m o n t h s  o f  app l i ca t ion  and 

also recommended not  to  pick the  i m m a t u r e  ber r i es  for  the cul inary p u r p o s e  b e c a u s e  it 

contain c a r b o f u r a n  r e s i d u e s  in hi t iher  a m o u n t s  than the dr ied o n e s  ( B e t t y  Bas t in  and

Wahid, 2004)

Table.3. Persistence of pesticides in soil

- - - - - - - - - -

M o n t h s  (OS% Pest ic ides
M o n t h s  (90°  o

Pes t i c ides d i s a p p e a r a n c e ) d i s a p p e a r a n c e )
1

Aldrin 24 A l t r a / m c 9

Heptachlor K S i m a / i n c 12

BHC 18 P c n u r o n 5

Parathion 3 Linuron 5

Phorate 3 2, 4-D 1

Carbaryl 3 Chlorambene 9

Disulfaton

Aldicarb

4

4

Dalapone 1



An ideal soil-applied pesticide should persist long enough to give an acceptable period of 

pest control, but not so long that soil residues after crop harvest limit the nature of 

subsequent crops which can be grown. Various management techniques have been 

developed which can help to minimize the residue hazards in soil.

1. Use of op t im um  dose of pesticide

Hazards from residues o f  pesticides can be minimised by the application of  chemicals at 

the lowest dosage by which the desired pest control is achieved.

Besides, applying pesticides in bands rather as broad cast will reduce the total 

amount o f  pesticide to be applied Tins will be practicable in line sown crops or crops 

raised along ridges such as cotton, sugarcane, sorghum maize etc

2. Microorganisms

A new innovative method t<>i pe >t control is use micioorganisms like bacteria, tungi etc 

Being biological in nature they do not pose any pollution problems as pesticides so 

Microbial degradation of pesticides is more predominant in soil and water

Enzymes isolated from I-m -Ihti, Imi r oh. ami Anhroback-r strains arc capable of

hydrolysing OP compounds such as din/inon. methyl paratlnon and malatlnon
/

(Rosenberg and Alexander. 1979, Barik cl a l , 1982)

3. Incineration

Incineration is a land based most effective method for disposing a variety o f pesticides In 

India, indiscriminate pesticide dumping on fallow land/public and or in municipal solid



waste disposal sites, is a common practice. Incineration facilitates safe disposal of 

hazardous materials.

4. A p p lica tion  o f  farm  y a rd  m a n u re

Farm yard manure (FYM) application is an effective method to mitigate the residual 

toxicity o f  pesticides. Application of  FYM helps to absorb the pesticide molecules in 

their colloidal fraction and make them unavailable for crops and weeds. Besides, FYM 

enhances the microbial activity which in turn, degrade the pesticides at a faster rate. 

However, application o f  FYM @ 12 5 t/ha to pearl millet was found to mitigate the 

residual toxicity o f  atrazine in the succeeding soybean crop.

5. Ploughing / cultivating the land

Ploughing with disc plough or intercultivators reduce the pesticide toxicity, as the applied 

pesticide is mixed to a large volume of soil and get diluted. In case ol ploughing, the 

pesticide layer is inverted and buried m deeper layers and thereby the residual toxicity 

reduced It is reported that the damage caused by herbicides was reduced by ploughing 

(Dinakar et al , 1086)

Table 4. Effect of ploughing on plant emergence (%)

Herbicide Not ploughed Ploughed

Propyzamine 5 58

Trifluralin 48 85

Atrazine 20 100



Leaching the pesticide by frequent irrigations is possible, especially in case o f  water

soluble pesticides. In this case, the pesticides are leached down to lower layers i.e. 

beyond the reach o f the crop roots.

Nitrate pollution in agricultural ecosystem

1.Nitrite and nitrate

Nitrate has a close relative called nitrite, the difference between the two is that nitrite has 

one less oxygen atom than nitrate This results in appreciable differences in the chemical 

and biological behavior o f  the two substances. What we find in the present context is that 

nitrate is a nuisance when in the wrong place in the environment but not in itself a threat 

to our health, where as nitrite is definitely a potential health hazard However, this 

depends on it being in the wrong place at the wrong time; in other circumstances it can 

save life

2.Nitrate pollution of g ro u n d w a te r

Leaching causes nitrate pollution ol groundwater Ihe magnitude of loss depends on soil 

conditions, agricultural practices, agro-chmatic conditions and type anil method ol 

fertilizer application Ihe tune taken by the nitrate to move Irom the root zone to water 

table varies considerably In sandy soils with high water table and high late ol (citilizer 

application, it may reach the water table in matter ol days, whcieas in heavy soils low 

rainfall and low rate o f  application with deep water table it may lake years

3. Nitrate pollution under different land management systems

A case study conducted in Punjab under different land use systems revealed that the 

average nitrate distribution in soil profiles under Eucalyptus system was much lower 

when compared to others The substantial amount of  nitrate nitrogen in soil profiles 

under orchards was possibly due to soil remaining covered for long duration frequent nnd
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Fig. 3 Relational diagram of  nitrogen in soil-plant-atmosphere (Pathak eta/., 2002)
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A study conducted in a sandy soil with different rates o f  irrigation and timings of 

fertilizer application to wheat revealed that the loss and N 0 3-N increased with heavier 

irrigations and fewer splits o f  N (Chaudhary and Batnagar, 1976).

Table. 5. Accumulation o f  N O 3-N in different soil layers under different rates o f irrigation 

and split doses o f  N

Rates of irrigation
Soil layer (cm) Light Medium Heavy

Splits 1 2 3 4 1 2  
N O j - N  (kg h a 1)

3 4 1 2 3 4

0 - 60 7 9 10 19 9 10 10 18 7 9 10 21
60 -  120 17 18 21 23 13 15 22 30 10 13 25 39
120 - 130 25 26 19 26 23 24 26 32 19 21 28 30

If S Public Health Service has set an upper limit on nitrate in drinking water as 

10 mg N L'1 (45 ppm of  NO,)

It is a disease which reduces capacity of blood to carry- enough oxygen for proper 

functioning o f  human bodv W hen mt 1 ales are reduced to nitrite by microflora it 

intestine, nitrite reacts with hacmoulobin leading to the formation ot methaemoglobin

Environmental hazards  of n itra te

1. Methaemoglobinaemin

It is a disease which reduces capucilv of  Wood lo carry enough oxygen for proper

functioning o f  human body When nitrates arc reduced lo nilrilc by microllora if

intestine, nitrite r ead s  with haemoglobin leading lo ihc formation o f  methaemoglobin

2 . Illness in cattle and sheep

Similar illness in cattle and sheep can also occur Complex digestive system in

herbivorous cattle permits reduction of  nitrate into nitrite in the forage and may result ,n

, 1 | , r nitrotf. intake bv entile and sheep can be through
methaemoglobinaemia High levels of  nitrate

water or plants which have high nutrient contents



In relation to nitrate toxicity, nitrosamine have received considerable attention on account 

of their carcinogenic and mutagenic properties. Nitrate, Nitrites, secondary and tertiary 

amines are the precursors o f nitrosamine. In animal, nitrosamines can be formed by the 

simultaneous ingestion o f nitrate and secondary amines.

4. S tom ach  c a n c e r  an d  n itra tes

A number o f  epidemiological studies carried out by many workers have found correlation 

between incidence o f  stomach cancer and nitrate content in drinking water is more than 

20 mg L'1.

5. Elevated nitrate levels and foetal marformations

Nitrate rich waters may cause toetal malformatins if the nitrate concentration is higher 

than 45 mg/liter in the drinking water

Nitrate removal technologies

1. Biological technique

Denitrification by biological method essentially comprises of various stage like

a) Fixing the microorganisms on a substiale in adequate quantity.

b) Deoxygenate the water with high nitrates to be treated

c) Provide carbon sources

d) Reoxygenate the water tor aerobic conditions

e) Chlorination as a polishing step

Two types o f  enzyme s y s t e m s  arc involved in biological dcnitrificalion Assimilatorv 

nitrate reduction converts nitrate (NO,) to Ammonia (NIC) where as dissimilatory nitrate 

reduction involves conversion of  NOi to molecular nitrogen gas as end product.

Dissimilatory biological process is popularly known as deni.rifica.ion technique 

and involves reduction o f  Nitrate to nitrogen gas I. is a respiratory mechanism in winch 

nitrate replaces molecular oxygen In the absence of  oxygen nitrate acts a.

acceptor



in d i s s im i la r  denitrification, the tern, anoxic rater that anaerobic is used since 

the principal biochemical pathways are not anaerobic but only a modification o f  aerobic 

pathways. W hen the rate o f  oxygen uptake exceeds that o f  supply, the system becomes 

practically devoid o f  oxygen and then nitrate serves as electron acceptor for the 

respiration. The mechanism o f  anoxic nitrate reduction is as follows:

N 0 3 ---------- ►  ► NO T  ► n 20  T  ► N t

In anoxic denitrification, most of the bacteria are capable of  utilizing a vide range 

of carbon compounds as a source of electrons.

Carbon compounds get oxidized completely to carbon dioxide Via Kreb’s cycle 

Most of  the active denitrifying microorganisms are heterotroph and autotrophs and 

belong to the genera pseudomonas, Achromobacter bacillus and micrococcus.

Various sources are used as electron donor viz solid sulphur, liquid alcohols like 

methanol, ethanol and organic acids like acetic acid and gas like hydrogen its toxicity.

Biological demlrilication process is mote suitable lor surface water than ground 

water because bacterial activity is more supported due to comparatively highei 

temperature complicated operation and maintenance ol biological technique is the main 

limitation and it will not be technically suitable particulaily under ruial condition toi

ground water supplies 

Physico-chemical techniques 

1. Chemical reduction

The possibility o f  reducing nitrate chemically using ferrous hydroxide precipitated 111 situ 

has been investigated in USA R moles of  iron per mole ofnilrale arc requires 1-5 ppm or 

cupric or silver ions as catalyst The optimum pH involving precipitation of iron as 

ferrous hydroxide was found to be eight Very close control o f  treatment conditions is 

essential / necessary 10 successfully operate this technique and this limitation has made

die process unfeasible



The photochemical reduction o f  nitrate to nitrogen gas on nitrous oxide in presence of 

organic compounds. It is a multistage reduction carried out at pH 8. The main advantage 

of the process is that no special chemical or microorganisms are required. Acetic acid. 

Ethyl alcohol and other products o f  food industry (ascorbic acid, citric acid formic acid 

etc.) can be applied as organic compound. UV light is used for irradiation or excitation 

of system as external source o f  energy at 185 nm. wavelength.

3. Reverse osmosis

Reverse osmosis is a pressure driven process and well proven reliable technique for 

desalination o f  sea and brackish waters During this process pure water can be separated 

from salts, Reverse osmosis however cannot separate nitrates individually, but the 

concentration o f  dissolved solids including nitrates is reduced.

Certain Reverse osmosis membranes exhibit low nitrate reduction coefficients 

Pre and post treatment is required to avoid scale formation and carbon dioxide stripping 

disposal of  concentrated waste also n e e d s  special efforts. Hence Reverse osmosis is not 

an appropriate option for nitrate rcmova

4. Electro dialysis reversal

This technique employs the principles of Electro dialysis -  combined with the use of 

selective membranes for removal of nitrates Hie principle characteristics of the process 

are average specificity and limited efficiencies need for pretieatment and generation ot

concentrated waste

5. Ion Exchange

It is the nnly method that is currently used to remove nitrates from waters in large 

treatment plants Laboratory and pilot experiments have show that strong base and weak 

base ion Exchange resins are nitrate selective and can remove the nitrates from the

concentration as high as 250 mg/1 to 2 5 mg/1 (N03)



RADIOACTIVE CONTAMINATIONS IN THE T E R R F F t d i a , r- 
tRRESTRIAL ENVIRONMENT

Increasing reliance on the nuclear fuel cycle to m e e t
, j  j j tUre eaeT®  needs “ d testing of

nuclear weapons have added to the natural levels nf i j •
. . .  eVels of radionuclides in the environment.

Several radioactive isotopes o f common elements f e  o 3u  r
lOJn ioStj,, 125, ,31, , , 3 7  S ' ’ C). ° f  elements (e.g.,

Sr, °Ru, * R ,  , l a n d  Cs), and o f  transuranic elements, all generated by
fission, activation and decay during nuclear reactions.

The possibility exists o f  an accident that can result in a release of  radioactive 

material into the environment. As nuclear facilities are not normally sited in densely 

populated areas, the adjacent land is likely to be agricultural or at least rural.

R ad io n u c l id e s  f o r m s  a n d  b e h a v i o r

The mobility o f  radioactive fission products in the soil depends on the form in which they

occur The movement o f  radionuclides along the surface might occur as a result of run

off and / or erosion processes The extent ot vegetative cover also influences the

radionuclide movement

Knowledge about the form in which the radionuclides are present in the soil and 

the patterns o f  their migration m the err.ironment can provide the foundation for the 

theoretical considerations entering into Indrological, hydro-geological, medico biological 

and technical planning Knowledge about the form in which the radionuclides are present 

in the soil and the patterns of  then migration in the environment can provide the 

foundation for the theoretical considerations entering into hydrological, hydro-geological, 

medico biological and technical plannmu In addition the distribution of  radionuclides in 

soil and the form in which they are present depend on the physico-chemical properties of 

the soils and on the chemical properties of  fission products I heir occurrence in soils is 

distributed in the following way

Komarov (1990) also observed that as the amount o f  organic matter increased the 

migration o f  radionuclides in the soil also increased The capacity for migration 

'ncreased in the sequence sandy-podzol podz.ol <*' peaty marshy.



CHEMICAL REMEDIATION METHODS FOR RECONSTRUCTING 
THE CONTAMINATED SOILS

Chemical Remediation Techniques

Chemical remediation techniques involve adding some chemical material to polluted 

soils, in order to reduce the concentration of contaminants. These chemical materials 

include the following :

• Lime materials, to increase the soil pH and reduce the solubility of trace elements.

• Iron hydroxides, Manganese oxides or Zeolite to increase the adsorption sites of 

trace elements

• Heavy applications ot phosphate to increase the precipitation of metal ions and 

phosphate ions

Classification o f  rem ed ia t io n  strategies

Remediation s t r a t e g i c s  c a n  he  d iv ided  into t w o  genera l  c a te g o r i e s  ex situ and in 

situ. The t e c h n o l o g i e s  tha t  a re  c u r r e m l y  be ing  u s e d  and e va lua te d  are  p re s e n t e d  in Tab le

i)  E x  s i t u  m e t h o d s

Soil removal is the niou common cv sitn method employed and is used 

extensively in residential aieas with I*h uml.unmated soils Use ot the lemaining i \  situ 

methods is generally restricted t<> small sites with highly contaminated soils because ot 

the obvious problems with dealing with large quantities of  soils and the generation ot

waste products requiring f u r t h e r  p r o c e s s i n g  01 s t o r a g e

ii) In situ m e th o d s

Phytostabilisation is the most common In .Mln method used, particularly for old 

mine sites with large areas that require remediation Encapsulation and attenuation have 

few used to a limited extent The use of  soil amendments is often combined with 

Phytostabilization The use o f  P to reduce Pb bioavailability is being evaluated as an

alternative to soil excavation



Details

f xjitu methods 

olidification

Virtification

Washing

Leaching

Addition of  a cementing agent to produce a hardened, 
nonporous, nonleachable material

Heating to produce a glass-like, nonporous, nonleachable 
material

Chelate or acid extraction

Pile or batch leaching with chelates or acids

Particle size segregation Selective removal of fine particles that have the highest
metal concentrations

Soil excavation Soil removal and disposal

In silit methods 

Solidification

Virtification

Encapsulation

Attenuation

Electrokinetics

Phytostabilization

Phytoextraction

Soil amendments

A d d i t i o n  ot  ,i c e m e n t i n g  a g e n t  t o  p r o d u c e  a h a r d e n e d ,  

n o n p o r o u s ,  n o n l e a c h a b l e  m a te r ia l

H e a t i n g  t o  p r o d u c e  a g l a s s - l i k e ,  n o n p o r o u s ,  n o n l e a c h a b l e  

m a t e r i a

( o v e r  s i te w i t h  i m p e r m e a b l e  l a y e r  

D i l u t i o n  w i t h  u n c o n t a m i n a t c d  m a te r ia l  

E l e c t r i c  c u r r e n t  i n d u c e s  m o v e m e n t  o t  i o n s  t o  e l e c t r o d e s  

P r o m o t e  v e g e t a t i v e  g r o w t h  t o  i m m o b i l i z e  m e ta ls  

R e m o v a l  o f  m e t a l s  b y  p la n ts

Reduce bioavailability of  metals with P or other soil 

amendments



A ^ - “P tech^ Ue 15 ^ Wa>'5 based one or more fundamental removal principles A 

removal principle makes use o f  differences in properties between the pollutants or 

polluted particles and the other soil substances. Properties on which a technique for 

removal o f  heavy metals can be based on the volatility of  a pollutant (in the case of 

mercury); the solubility or leachability o f  a pollutant in a liquid phase; the electrical 

properties o f  a pollutant, the bioleachability o f  the pollutant; the tendency o f  a pollutant

to hyper accumulate in plants, the magnetic properties of  a pollutant; the size, shape or 

density of  a (particulate) pollutant.

O ptions  fo r  ex situ  t r e a t m e n t

Based on these fundamental remediation principles, various options for ex-situ and in-situ 

remediation of  soil contaminated with heavy metals are available. The most important 

remediation options for cx-situ treatment of soil are wet classification, chemical 

extraction, bioleachmg, electro reclamation, thermal treatment, virtification and physical / 

chemical stabilization

Wet classification

This technique is aimed at the selective removal ot heavy metal containing particles Irom 

the non-polluted soil particles I lie process makes use ol an aqueous phase lo which one 

or more additives have been supplemented Process steps to achieve this scpaiation are 

sieving, screening, hydro cyclone treatment, magnetic scpaiation. attrition and spiral

classification.

Chemical extraction

This process involves  d isso lv ing  the heavy metals, present as particles or  adsorbed 

the soil matrix,  into  an a q u e o u s  solution containing s t rong  mineral acid, 

hydrochloric acid, che la t ing  a g e n ts  o r  surfactants  After separa t ion  o f  the soil, the  liquid

phase can be t rea ted  to  c o n c e n t r a t e  the heavy metals



Sofl washing methods based on using extractants to dissolve contaminants are 

capable o f  removal o f  cationic heavy metals from contaminated soil (Ganguly et al„ 

l99g). Unfortunately, field application o f  soil washing remediation methods is limited 

t0o sandy soils with clay and humic content values less than 15 per cent (Rulkens et al. 

1998).

Bioleaching

[n bio leaching the heavy metals in the soil are mobilized by acidophilus bacteria of the 

genus Thiobacillus that oxidize reduced sulphur compounds to sulphuric acid, increasing 

the solubility o f  the heavy metals If reduced sulphur is not present, an external reduced 

sulphur source has to be added to the soil After separation of the treated soil and the 

metal sulphates containing liquid phase the latter can be treated to concentrate the heavy 

metals

E lec t rok ine t ic  t r e a t m e n t

This is a clean-up method baccd on the application of an electro current between a 

cathode and anode placed in the sml \> a ie-ailt ot this electric current heavy metal ions 

and electrically charged small cillnnl tl particles are transported through the water phase 

in the soil to the electrodes where ilicv aie concentrated and icmoved

Thermal treatment

This method is aimed at removal ol pollutants by heating the soil to a temperature 

sufficiently high to vaporize the pollutants The vaporized gas phase with the pollutants 

has to be treated in a subsequent treatment step With regards to heavy metals, only 

mercury and mercury compounds can he removed from soil by thermal trcalrn

Virtification

This i , a t rea tm ent  p ro c e s s  in w hich  .he  soil is healed  lo  such a high tempera tu re  .ha. the 

“oil melts and the  heavy  m eta ls  p resen t  arc  incorpora ted  in glassy s t ruc ture



formed under oxidizing conditions promoting the conversion of heavy metals to oxides, 

glicates, etc., resulting in a strong reduction in leachability of the heavy metals.

physical /  chemical immobilization and stabilization

phe aim of  these treatment methods is to decrease the leachability of the heavy metals by 

jhysical / chemical processes such as reduction, oxidation or encapsulation of the heavy 

netals in a matrix. Various treatment agents may be supplemented to produce favourable 

:onditions for such an immobilization

In-situ immobilization ot metal contaminants is an alternate remediation approach 

where the metals are not removed from contaminated soil. In this approach, soil 

treatments and / or additives are used to decrease the solubility and bioavailability of 

metal contaminants Phosphorus-based treatments have been very successful in 

decreasing solubility o f  Pb. Zn and Cd (Chlopecka and Adriano, 1996).

Techniques for rem edia t ion  contam inated  soils

i) Use of minerals

The main strategy is to reduce the concentration of metals in labile iractions and increase 

the least mobile fraction, i e the residual traction Data trom this study clearh sho\s a

redistribution o f  metals to the residual fraction

Apatite and zeolite significantly reduced metal concentrations in the plant tissues

and enhanced the yield o f  plants

ii) Use of amendments

Naturally occurring or man marie additives as soil amendment* have been used to

Immobilize contaminants in the pas. dcc.dc (Phillips. I ™ )  Soil amendments such as

zeolite, carbonate, lime, compos., phosphate and Fc and Mn oxides are capable ol 

improving the sorption properties of heavy metal contaminated soil, hence their ability lo

remove heavy metals from the soil solution (Chen r t n . 2000).



Greenhouse pot experiment conducted by Alloway et al. (2001) with lettuce using the As 

contaminated soil. The treatments comprised: Fe oxides (0, 0.2, 0.5 and 1%) applied as 

FeSCL and CaCCTj (0, 0.25, 0.625 and 1.25%) applied as agricultural lime. As 

concentrations were reduced highly significantly by the 0.2 and 0.5 per cent Fe oxides 

treatments but the I per cent treatment gave no extra reduction compared to the 0.5 per 

cent treatment. However, there wrere highly significant reductions in lettuce yield 

accompanied by significant increases in Al and Mn concentrations for the 0.5 per cent Fe 

oxides without lime and the 1 per cent oxides with less than 1.25 per cent lime and these 

were due to the acidifying effect o f  the FeSO.> treatments.

Whenever the remedial action is taken to treat contaminated soils, the methods or 

measures to be used, is based on the following considerations

> Short-term effectiveness

> Long-term effectiveness

< Reduction in the toxicity, mobility or volume of the heavy metal concerned

r  Whether implementation is fe a s ib le

> Cost

'r Compliance with government standards or guidelines

>* Overall benefit to the environment

Whether the measures are acceptable to the government and

> Whether the measures arc acceptable to local people

• Chemical extraction methods can he nsctl for sites where the soil contains

medium levels o f  contamination

• Chemical immobilization methods and acid-leaching process can be used Tor sites

that are seriously contaminated

• Remediation with growing plants can be used only on si.es where contamination

with is very slight Suitable plan, species must be selected for polluted sites



•  Chemical stabilization seem s to be the mn<t «* •
most cost .  effectlVe remediation technique 

for contaminated soils. However method* •
ef' me,hods the removal of polluted soils

and the addition o f clean soil to the surface were also effective.

Heavy metal contamination in soil.

The main source o f  heavy metal contamination come from fertilizers.

Table .7. Heavy metal contents (average) in fertilizers

Fertilizer
Heavy metal (mg kg' 1 fertilizer)

Cu Zn Mn Mo Cd Pb

Single super phosphate 26 115 150 3.3 187 609

Diammonium phosphate - - - 109 188 -

Muriate of  potash 3 8 0.2 14 88

Ca-ammonium nitrate 0 2 6 1 1 - 6 200

Urea 0 4 0 5 0.5 0.2 1 4

Ammonium sulphate 0 s 0 s 70 0.1 - -

Triple super phosphate
i

7 7s 200 0 1 - -

Ammonium phosphate ! 3
j

KO 160 - -

|

Complex fertilizer
•

A — 270 - - 6 128

Rock phosphate 10(1 j 200 0 5 - -

Phytoremediation

Most plants inhabit toxic soils do so by either, avoiding heavy metals or accumulating 

them in their tissues The use o f  such heavy metal tolerant and accumulator plants 

Provide an alternative remediation technology Cultivating such plants on industrial waste 

s,te can provide a clean, cheap, alternative to the “suck, muck and truck cleaning 

aPproach to decontaminate heavy metal contaminated soils Phytoremediation involves



&  use of plants to remove, transfer, stabilize and/or degrade contaminants in soil 
sediment and water (Hughes et a l,  1997).

Categories of Phytoremediation

According to the contaminants, the conditions at the site, the level of cleanup required, 

and the plants used, the phytoremediation system can be divided into the following

categories:

P hytostabilization  - is the use ol certain plant species to immobilize contaminants in 

soil, through absorption and accumulation by roots, adsorption onto roots or precipitation 

within the root zone, and physical stabilization of  soils Tomato has the the potential to 

absorb large quantities o f  cadmium on their roots (Vanisrcc, 2004)..

Rhizofiltration irhizo- means root) - is the adsorption or precipitation onto plant roots or 

absorption into the roots o f  contaminants that are in solution surrounding the root zone. 

Rhizofiltration is similar to phytne;\tracli"n, but the plants arc used primarily lo address 

contaminated ground water rather than s<ul

Rhizodegradation, also called cnluinci J rhrzosphcrc htndcgnidalion. phytostimulation, 

or planted-assistcd hiorcnu’diatuni dcyriidtitiou, is the breakdown ot contaminants in the 

soil through microbial activity that is enhanced by the presence ol the root zone (the 

rhizosphere) and is a much slower process than phytodegradation.

Phytodegradation, also called phvtotrunsformation. is the breakdown of contaminants 

taken up by plants through metabolic processes within Ihc plant, or the breakdown of 

contaminants external to the plant through the effect of  compounds (such as enzymes) 

produced by the plants. Some enzymes breakdown and convert ammunition wastes, 

others degrade chlorinated solvents such as Irichloroclhylcnc (TC’E). and others degrade

herbicides.



pjjytovolatflization is the uptake and transpiration of a contaminant by a plant, with 

release of the contaminant or a modified form of the contaminant to the atmosphere from 

the plant. Phytovolatilization occurs as growing trees and other plants take up water and 

the organic contaminants.

Phytoextraction - also called phytoaccumulation, refers to the uptake and translocation 

of metal contaminants in the soil by plant roots into the above ground portions of  the 

plants. Certain plants called ‘hyperaccumulators’ absorb usually large amounts of  metals 

in comparison to other plants and the ambient metals concentration.

Plant used as hyper  accum ula to rs

Water hyacinth (Eichornia crassipes) 

Penny worth (Hvdrocotvle umbellate) 

Duck weed (Lemna minor)

Water velvet (Azolla pinnata)

A
Pb, C'u. C'd. Fe and Hg

r

Thlaspi caerulesccns 

Brassica Juncea 

AJyssum murale

Pb, Zn, Ni and Cd

Sunflower, rye. corn, marigold 

AJtgrnanthera SessjJis 

Cynodon dactylon

C i

/

A good phytoextractor should have the following characteristics.

1 Rapid growth rate and potential to produce high biomass

High rate o f heavy metal accumulation especially non economic plant parts

 ̂ High uptake and should he o f metal specific.



4 Be of  some economical interest and

5 Unattractive to animals.

At present, there are two basic strategies o f  phytoextraction being developed : 

Chelate -  assisted phytoextraction which was termed as induced phytoextraction and

ong-term continuous phyto extraction o f  the two process, chelate-assisted phytoextraction 

is the more developed and is presently being implemented commercially

Induced P h y to ex tra c t io n

The There are no reliable reports o f  plants capable of  naturally accumulating the most 

environmentally important toxic metals such as Pd, Cd, Ar and radionuclides. 

Application o f  chelates to the soil bring metals into solution through desorption of sorbed 

species, dissolution o f  Fe and Mn oxides and dissolution of precipitated compounds.

Table 8 . Ability of Brassica juncra to accumulate lead in shoots

Experiment I’b s o lu b le  in soil (g  h a - 1) Ph-content (mg kg' 1 d\v) '1

Control

- —

0 002 0 1

NTA added

I- -
o 02 0 2

EOT A added 0 2 0 6

NTA + glyphosate added 0 0.1 0 3

EDTA + glyphosate added 0 2 1.7

a i i / i  \

Continuous phytoextrnction
There plants are naturally able to accumulate >1% of  shoot dry biomass as Zn. Ni, Mn or
Se.



Table 9. The ability of crops and wild specie* t n

P S '°  aCCUmulale Cd i„ aeria| parts

Plants

AJyssum mural e 

Thlaspi Caerulescens

Nicotiana tabacum 

Zea mays (B 37 inbred line) 

Brassica juncea 

Salbc viminalis

^ - - c o n t e n t  (mg kg'

34
dw)

Felix et al (1999)

Bioconcentration Factor (BCF >

Bioconcentration factor ,s a cr,, ,, , . ,  tdentttymg hyper accumulator. An ideal hvper 

accumulator should have IK h „ MC lotto , / aycd ct a, , IWS)

Trace element conccnlialinn in plant tissues (nm kit ')  at harvest
BCF =_____________  '  '

Initial
c o n c e n t r a t i o n  ol  the  c l e m en t  in the ex te rna l  nut r ien t  so lu t ion  ( n m  f 1)

water hyacinth is a good Cd and Cr accumulator, having BCF of  2150 and 1823 

respectively in roofs

Advantages of Phytoremedia lion

Cheapest, environmentally friendly method and best suited for low and medium

contaminated soils 

Easy monitoring



3 It improves soU physico -  chemical properties and biological activities

4  In the long run it is the best method available to reduce heavy metal toxicity

Disadvantages

j Needs long time period to decrease the metal level in the soil

2 Cannot drawn metals beyond the root zone (1 -2m)

On the other hand, optimizing agronomic practices employed during 

phytoremediation such as irrigation, fertilization, planting and harvest time and timing of 

amendment application should increase the efficiency of  the phytoremediation.

R E C Y C L IN G  O F  URBAN AND D O M ESTIC  WASTES

Composition of U rban  W aste

The composition o f  urban and municipal waste is observed to vary demographically. The 

urban waste can be differentiated as decomposable and recyclable. The recyclables are 

made of plastic, metals, glass and paper whereas the decomposables are made of 

vegetable waste fruit wastes and kitchen leftovers

T a b le .10. C harac ter is t ics  of I sp ira l  I rban  Waste

f S' i
No.

Type
Qty

(%)

i
i Street sweepings s 0

r— 
1 2 1 Jomcstic waste 20 4

Garden clippings 15 0

4 Vegetable residues 15.0

5 Textiles 12 0

6 Plastic/ poly bags 19.0

7 Glass/ metal 1.0

(Ramakrishnaparama, 2002)



The moisture content varies from 40-70% and sometimes 90%, the calorific value 
varies between 800-1000 k cal/kg on dry weight basis.

Production of Urban Waste

Urban waste is produced at micro and macro levels. The macro level producers include - 

marriage halls, markets, big hotels, restaurants and agro industries. Micro level producers 

include - individual households, small eateries and small business establishments.

The approximated quantity o f  urban waste produced at these levels show that

At macro level -  Marriage hall o f  1000 capacity generates 

750 kg o f  bio degradables 

250 kg o f  plastics and papers

- Market o f  1000 shops selling vegetables, fruits and miscellaneous items produces 

100 to 200 tonnes o f  waste

At micro level - an individual household of  four to five members produce approximately 
Vi to 1 kg per day

A community o f  2000 households produces about I to 1.5 tonnes of domestic waste per 
day

Disposal of urban waste

The most commonly used urban waste treatment and disposal methods are

1) Composting 2) Sanitary landfill 1) Incineration and Pyrolysis and *1) Recycling and 

reuse

With seventy percent o f  the urban waste being decomposable it would be of great 

importance to convert urban waste into useful organic matter. Therefore composting of 

urban waste would be a worthy option so as to harness the plant nutrients present in the

urban waste



M ethods o f  Composting Urban Waste

Urban wastes can be processed to form compost at individual household level to mass 

scale composting. The methods adopted could be characterized as

Decentralized urban waste processing facility

1. Individual house units (UAS composter)

2. Community/ multiple housing unit (Forced aeration method/manual turning 

method)

C en t ra l ized  u r b a n  w a s t e  p r o c e s s i n g  faci l i ty

Large scale composting yards (Windrow method and Vermicomposting) 

REHABILITATION OF POLLUTED SOILS: A BIOTECHNOLOGICAL APPROACH 

Phytochelatins

Phytochelatins (PCs) are a g r o u p  o f  p r o t e in s  that are  inducible in plants when the plants 

are faced with heavy metal s t r e s s  T h c v  act  in s u c h  a way that free metal ions are bonded 

to the proteins and placed i n t o  v a c u n k s  w h e r e  they  are  no  longer toxic to the plant and 

they can eventually he u s e d  m the  n o r m a l  g r o w t h  o f  the plant that is it the metal is an 

essential element to the plant’s g r o w t h ,  like c o p p e r  o r  zinc. To understand the role ot 

PCs in the detoxification o f  h e a v y  meta l s ,  one mus t  understand several traits of the 

proteins The structures o f  P C s ,  B ios yn the s i s ,  lunction, and structure of PC-mctal

complexes must all be examined

PCs consist o f  just three ammo a c id s ,  cysteine, glycine, and glutamic acid PCs 

have been identified in many g r o u p s  o f  plants and photosynthetic organisms, ranging 

from algae, through gymnosperms and monocots, to dicots. This suggests that the PC 

producing pathway evolved very early and has been important in the dexterity of  vascular 

plants and their ability to evolve and grow in potentially hostile and toxic environments. 

There is some variation in the structure of  PC's in the plant world.



jyfctaflothionicns

Metallothioniens (MTs) are similar proteins to PCs in many ways, including the h|gh 

number o f  cysteine molecules in the proteins, and the fact that both are responsible for 

the detoxification o f  heavy metals. In fact, PCs were originally classified as class 3 MTs, 

until they were deemed sufficiently different in structure and synthesis pathway to be 

classified as PCs. All MTs have three characteristics in common: they have low 

molecular weight, a large fraction o f  cysteine residues, and a high metal content with 

coordination o f  metal ions in metal-thiolate clusters. The classification of MTs places all 

animal MTs into class 1, and all other MTs (including plant) into class 2.

ENVIRONMENTAL EDUCATION RESTORATION/REHABILITATION OF

DEGRADED SOILS 

Environmental E duca t ion  -  Role o f \o lu n ta r y  agencies

Environmental Education is a new kind ot integrative teaching characterized by 

encouraging inclusive thinking hv .1 continuous training ot habits in small steps and by 

the development o f  a general attitude of openness to new aspects

r  Environmental Education has assumed great importance in recent times because

many of the environmental issues are global in nature and icquire the

understanding and co-operation ol all the people

>  Environmental Education should play in creating an awareness and a belter

understanding o f  environmental problem

Economically backward nations arc often forced to ignoic the consequences

environmental degradation in favor o f  economic consideration

> Poorer nations too should realize the need to integrate environmental

consideration in development planning because environment 

determining the quality o f  life, both rural and urban areas



>  Environmental education programmes and materials require an inter 
disciplinary approach.

>  Environmental Education should also be broadcasted through literature, 

leadership camps and camps for meanings.

>  Eco development camp with emphasis on resources management, tree planting 

soil and water conservation.

>  The media have played a vital role in educating the people about environmental 

issues and associating problems,

r  All India  R a d i o  a n d  D o o r d h a r s h a n  also  play an i m p o r t a n t  role  in mot iva t ing  

e d u c a t i n g  a n d  s u s t a i n i n g  in te rne t  a m o n g  the  publ ic  a b o u t  the  envi ronment .

U G C  s p o n s o r ,  t r a i n i n g  a n d  s e m i n a r s  o n  c lear  t e c h n o l o g y  and  prof i tab le  pol lut ion 

m a n a g e m e n t  a l so  h e lp s  in a w a r e n e s s  a m o n g  the  society.

Scientists view on environmental education :

S  Individual  f a r m e r s  a r e  t o o  p o o r  to  a d o p t  the  r e c o m m e n d e d  p rac t ices  

S  A co l l ec t ive  a p p r o a c h  is n e c e s s a r y

S  F a r m e r s  e x p e c t  th e  G o v e r n m e n t  to d o  the job

S  A w a r e n e s s  is n o t  t r a n s l a t e d  m t n  ac t io n  d u e  to fa rm specif ic  cons t ra in t s

S  P r o b l e m  is mu l t i d i s c ip l i n a ry ,  so a t e a m  w o r k  is useful

^ T h e r e  is t e c h n o l o g y  to  p r o t e c t  enc i i o n m e n l  but  its t r ansfe r  to the held is slow 

S  I N M  m u s t  h e  p o p u l a r i s e d

S  Su bs i d ie s  s h o u l d  be  inc en t iv es ,  not  cos t  shar ing

^  S e l f  he lp  g r o u p s  will h e  m o r e  suc cess fu l

S  E d u c a t i n g ,  m o t i v a t i n g ,  i n v o lv in g  w o m e n  will e n h a n c e  c f l ec t ivcncss  

^  P r o b l e m  m u s t  be  e x p l a i n e d  as  pe op le s '  c o n c e r n  and not  G o v t  t a r ge t s

4- Future  Research Directions

There are major e n v i ro n m en ta l  issues that require  detai led research to  enable regulatory 

bodies 10 impose gu ide l ines  for the p ro tec t ion  o f  ou r  environment  Some o f  the areas

winch need urgen t  a t ten t io n  are

❖  Compilation o f a register o f potentially polluting industries, estimation 

o f the extent o f the contaminants reaching the soil environment and



analysis o f the soil environment, surrounding such industries for toxic 
contaminants.

❖ Determination o f quantities and qualities of sludges generated in waste

water treatment plants and identifying best method for disposal of such 

sludges.

•> Estimation o f  toxic metal contaminations in the neighbourhood of 

industrial areas which generate toxic metals such as tanneries,

electroplating industries and investigation of the extent of transfer of

metals to feed and food crops grown in such areas.

•> Qualitative and quantitative evaluation of the solid wastes and effluents 

and their use for agriculture

•I* Development o f  suitable technologies for reclaiming contaminated soils.

The survival o f  human beings as a species depends upon how we manage 

and protect the environment If we manage well, the quality of life will improve, if not 

we will have to face the disaster in the course ot time Let us be cautious and careful 

following the philosophy o f  'Prevention is better than cure' regarding the contamination

of the natural resources through mu au r .  Mies ami ways of lit e.



Even this thing will not come under the purview o f  my topic ,it i„clude the carbo„ 
dioxide , sulphur dioxide , methane etc.

They have a role in pollution because they will increase the atmospheric temperature and 

will make a change in the global climate finally afTect the existence o f life

2.Fate of  heavy metals in plants 9

Depending up on the mechanism o f  phytoremediation it differs. In some plants it gets

immobilized in the vacuole and in some it will be escaping the plant tissue via 

transpiration

3 Is there any agency which collects and processes the urban waste9

There are so many voluntary agencies and in rhiruvanathapuranm an agency named 

POABS is collecting the urban waste and processing it

4 Are the Eucalyptus plants used in the pollution control and where it is9

Ves. these plants arc used in the heavy metal decontamination near the areas of fertilizer

industries



The introduction o f  pesticides and fertilizers played a major role in the green 

revolution that was witnessed in many parts of  the globe. Unfortunately, the unwise and 

indiscriminate use o f  pesticides and fertilzers has unquestionably left our ecosystem polluted 

The soil we live and the water we drink all contains traces of these unwanted residues. 

Strict followup and enforcement o f  insecticides act, 1968 and instructions of Central 

Insecticides Board will be helpful regarding control of  pollution and safety aspects.The best 

weapon in pest control which is safest to the environment is the development of hybrid 

species o f  crops that are resistant to their traditional enemies. 

For example, losses due to corn borers or sugarcane borers have been cut by 70% in new 

varieties Strains o f  cereals such as barley, corn, oats and wheat have been developed that 

resist leaf blights and rusts

The classical biological c o n t r o l  o f  pests is to introduce other insects or 

microorganisms that prey o n  the  pe-a m  p a i a s i t c s  to it, o r  give the pests a disease In the 

entire world, more than 100 inset.I pe-Us a re  .successfully controlled by these approaches 

Integrated pest control, l he  c o m b m u m  ol b io log ica l  control with pesticides is being 

increasing used to reduce o v e r a l l  d e p e n d e n c e  on  chemica l s

The hazards to soil and water can be minimized to a greater extent il the residues 

are kept below their prescribed safe level (Maximum residue limit) However, besides 

this approach we have to keep surveillance on several other approaches foi the bettei 

management of pesticide p o l lu ta n ts  like, control of toxic chemicals discharge from 

pesticide industry in the environment, use of eco-friendly biochemical pesticides like 

neem, improved method of pest control like sterile male insert techniques and applica 

of selective and rapidly degradable pesticides in to the environment



New plant types can be developed to use nutrients more efficiently so that there 

would not be much loss of applied nutrients. New strains of nitrogen fixers (Rhizobium 

and blue green algae) with higher N-fixation capacity can be developed so that thereby 

reducing the threat o f fertilizer pollution.

To feed the growing population it is necessary to conserve the degrading lands and use 

them more productively. Multidisciplinary approaches in developing location specific 

strategies in balancing the differential needs of each degraded land will be more 

appropriate. Modern technology has provided the means for massive alteration and 

pollution of the environment. Technology intelligently applied with a strong 

environmental awareness provides the means for dealing with problem of environmental 

pollution and soil degradation This can be achieved through various environmental 

educational strategies
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Nature and mankind are inseparable part o f  life that includes land, water, air, 

space, energy, flora and fauna, which are interconnected, interrelated, interdependent. 

In the name o f  progress man has became a destroyer of  nature so much so that 

development in a sense has become synonymous with environmental degradation and 

progress with pollution. Environmental pollution in India has become a major issue of 

public policy and research in recent years. Environmental changes may be driven by 

many factors including economic growth, population growth, urbanization, 

intensification o f  agriculture, rising energy use and transportation. There are different 

sources o f  soil pollution such as distillery effluents, tannery' and textile effluents, and 

pollutants from pulp and paper mills, coal combustion residues, pesticides, fertilizers 

etc Tannery effluents contain large amounts of chromium which pollute river, land 

etc

Organic pollutants in soil include pesticide and oil spills The fate of 

pesticides in soil pertains to their interaction with soil environment. The ester form

2,4-D are volatile and gases evolved injured the susceptible crops like cotton and

tomato (Jayakumar, I09.S)

The tria/me herbicides (eg atrazine) and organophosphorous insecticides 

(eg. malathion) are subjected to hydrolysis and subsequent degradation in the soil 

(Jeevan Ran, 1090) Use of  optimum dose of pesticides, detoxification by 

microorganisms, incineration, application ol 1 VM. ploughing of land etc are some ot 

the suggested remedial measures En/ymcs isolated from E. coli and Arl/imhaclcr 

strains are capable o f  hydrolyzing OP compounds (Rosenberg and Alexander, 1979) 

The damage caused by pesticides was reduced by ploughing (Dinakar cl ol , 1986).

Use o f  fertilizers contributes to the soil and water pollution. Nitrate pollution

in agricultural ecosystem has got great importance. Leaching rate of NOi 

with rates o f  irrigation and splits of  fertilizer application (Chaudhary and Bhatnagar, 

1986). Heavy metal contamination is a serious problem. Cultivating phytoextractors 

on industrial waste site can provide a clean and cheap alternative to the ■•Suck, muck
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The agncultural sector has been slow in ass.nulating the process of 
liberalisation. Domestic relorms in the sector are limping and the resultant distress stands 
^  there tor all to see even m relat.vely promising areas. The news of  farmers’ distress n 
various states has become the sore issues for policy makers. If we look into the causes of 
distress that have been idem,fled by the experts in the country, they fall into two broad 
groups: causes that are beyond fanners control and those that could be averted throueh 
proper policy interventions. The major problems faced by farmers require intervention at 
four important points.

• Price assurance
• Assurance about product marketability
• Elimination o f  intermediaries in the market
• Timely availability of  production credit.

Supply ot all these lour factors could make the tarmcrs live much easier and 
prepare them to face the uncertainties due to climatic factors, imperfect markets, 
fluctuating prices and presence of large number of intermediaries in different markets.

In this background, contract farming can benefit farmers to an extent possible. 
Also it forms the heartening part of the vision of the National Policy on Agriculture.

D e f in i t i o n s

C o n t r a c t  I a r m i n g  i an a g r e e m e n t  b e t w e e n  the p r imary  p r o d u c e r  ( f a rmer )  and  an 
ag r i -b us ine ss  f i rm ( s p o n s o r )  l o  p r o c u r e  ce r t a in  p r e - a g r e e d  quant i ty an d  qua l i ty  o f  a p ro d u c e  
at a pa r t i c u la r  t i m e  .mil p r i ce  in lu ture .  It ca n  purely be a p r o c u r e m e n t  t r ansac t ion  or  can 

ex tend  into su p p ly  ol  i n p u t s  or e v e n  b e y o n d  ( F A O .  2001) .

A  form o l  v e r t ic a l  c o o r d in a t io n  between growers and buyer processors that 
directly shape production d e c is io n  through contractually spccilying market obligations 
such as value, volume, quality, and at times price, provides specific inputs and exercise 
some control at the point ol production (Little. 100-1).

Contract farming arc those contractual arrangements between larmcrs and 
companies whether oral or written specifying one or more conditions of production and/or 
marketing of an agriculliir.il product ibis definition was considered too broad as it
included marketing or forward contract (Roy. 1963).

ft is a system for the production and supply o f  agricultural and horticultural 
produce under advance contracts, which involve a commitment to provide an agrtcultund 
commodity of  a type (variety or quality), at a time and a pr.ee and in the quantity required

by known buyer. It is an institutional arrangement that a,,ows °8r°"P^ ” S atinR
Participate in, and exert control over, the production process vvithou o g of
the farms. It enables the vertical coordination between growers P ,‘rarming 
agricultural products. It is a demand/market driven phenomenon unlike traditional iarm g
that hrxt produces and then looks for the market.



The advocates of  contract farming view it as a dynamic partnership between 
agri business companies and small farmers that benefit both without sacrificing the rights 
of either. It is offered as a vehicle for the transfer of technology and the modernization of 
peasant smallholdings. However, critics allege that it would lead to disruption of 
subsistence production and the inevitable impoverishment of the rural poor. It has been 
criticized as being a tool for agri business Firm to exploit an unequal power relationship 
with growers (Key and Runsten, 1999).

C o n t r a c t  f a r m i n g  is a " t o r m  o f  d i s g u i s ed  p ro l e t a r i s a t ion ” as it s ecures  the 
f a rm er s  l and  a n d  l a b o u r  w h i l e  l e a v i n g  h im  wi th  the formal  title for  both .  T h e  cont rol  
e x e r c i s e d  by the  c o m p a n y  is ind i rec t  but  e l f ec t ive ;  the “ f a r m e r ” con t ro l  is legal  but  
“ i l l u s o r y ” m a k i n g  h i m  a " p r o p e r t i e d  l a b o u r e r s ” (C lap p ,  1994).

Need for contract  farming

l o  r e d u c e  the load on the cent ra l  &  stale level  p r o c u r e m e n t  sys tem.
T o  in c r e a s e  pr iva te  se c t o r  i n v e s t m e n t  in agr icul ture .
T o  b r i ng  a b o u t  a m a r k e t  focus  in t e rms  o f  c ro p  se lec t ion  by Indian  farmers .
T o  g e n e r a t e  a s t e a d y  s ou r ce  o f  i n c o m e  at the individua l  f a rm er  level .
I o p r o m o t e  p r o c e s s i n g  &  va lue  addi t ion .

T o  g e n e r a t e  ga inful  e m p l o y m e n t  in rural c o m m u n i t i e s ,  par t icu la r ly  for
l an d l e ss  ag r i cu l tu r a l  labour .
T o  f la t ten as far as poss ib le ,  any  seasonal i ty  a s s oc ia t ed  w i th  such
e m p l o y  m c n t .

I o  r e d u c e  m i g r . i l i m i  t r o m  ru ra l  to u r b a n  areas.

l o  p r o m o t e  rural  wl f - rc l i ancc  in genera l  by p o o l i n g  local ly  ava i l ab le
re .o u r c e - .  iC e x p e r t i s e  to m eet  n e w  c h a l l e n g e s .

(Anon . .  2001)

1 uiol. iineiit . i l  e l e m e n t s  o f  a con t rac t  des ign  invo lve  three bas ic  e c o n o m i c  
c o m p o n e n t s  in unv  t r a n s a c t i o n  re l a t ionsh ip :  a l loca t ion  ol va lues  ( the d i s t r ibu t ion  ol ga ins  
f rom t rade) ,  a l l o c a t i o n  o |  u n c e r t a i n ly  (any ass oc i a ted  f inancial  n s k s ) .  a n d  a l loca t ion  ol 
d e c i s i o n s  b e a r i n g  on  the r c l a f io n s h ip  I l iese ih i cc  d i m e n s i o n s  a ic  inhcicnt ly  i n t e r de pe nd en t  
and e a c h  o n e  i > Id eb. to h a v c  u n p l i c a lu ' i t s  loi the o thers ;  as lor e x a m p l e ,  the' p rodu ec i  may 
d e m a n d  a h i g h e r  p i n e  I»• i as a i r ing the ccil . i iulv ol gi o w i n g  a new p i o d u c t  or  variety

( S y k u t a  a n d  ( o n k .  2fi() 1 )

Types of contract farming

Type o f  c o n t r a c t  d e p e n d s  o n  the na tu re  o f  c rop ,  c o m p a n y ' s  ob jec t ive ,  a rea  o f  

operation etc.  I h e r e  .ire m a i n l y  four  ty p e s  o f  cont rac t  farming.  1 hey are.

1. Marketing contracts
2. Production contracts
3. Resource providing contracts
4. Product specification contracts



Refer to oral or written agreement between a contractor and a grower that sets a 
price and an outlet tor the commodity before harvest or before the commodity is ready to 
be marketed. Most management decisions remain with the growers since they retain 
ownership till the final disposal of  the commodity. The producer bears all the risks of 
production but bears the price risk with the contractor.

2. Production contracts

S p e c i t i e s  in deta i l  the  qua l i t y  and  quan t i ty  o f  a par t icu la r  c o m m o d i t y  to be 
p r o c u r e d  a n d  the  ty p e  o f  c o m p e n s a t i o n  the  p r o d u c e r  w o u l d  rece ive  for his effort .

3. R e s o u r c e  p r e s i d i n g  c o n t r a c t s

T h e  f i rm m a y  s u p p l y  all the in pu t s  to the g rowers .

4. P r o d u c t  s p e c i f i c a t i o n  c o n t r a c t s

f i r m  c lo s c l s  m o n i t o r  the  qu a l i ty  p r o d u c e d  and  the p ro d u c t io n  prac t i ces  it 
fo l lo w s  t e n d  to d o m i n a t e  the t e r m s  o f  con t rac t .

Beginning and brief  history

C o n t r a c t  f a r m i n g  b e g a n  in T a i w a n  in 1895.  J a p a n e s e  g o v e r n m e n t  in T a i w a n  
used  c o n t r a c t s  for  s u g a r  p r o d u c t i o n .  In the ea r ly  tw en t i e th  cen tu ry  U S c o m p a n i e s  used  
con t r ac t s  m b a n a n a  p l a n t a t i o n  in < ent ra l  A m e r i c a .  C on t rac t  f a rming  in f i rms  b e g a n  in late 
1970s a n d  its p op u la r i ty  e a r n e d  m o m e n t u m  th r o u g h o u t  the 1980s.

P o p u l a r  e x a m p l e

• H y b r i d  c o c o n u t  . m I n d o n e s i a
• P i n e a p p l e ,  p a l m  oil a n d  a s p a r a g u s  in I ha i l and

• f o m a l o ,  p o t a t o  a n d  chi l ly  in India

• S u g . i o  a he m M  l u i i t i n  • a n d  S o u t h  A l m a

• A s i a n  v e g e t a b l e s  m k e u v a  a n d  I ) o m i i i i c a n  R e p u b l i c

•  F r o z e n  v e g e t a b l e s  in M e x i c o

•  C o t t o n  i n / i m h a h w c

Application areas of contract farm ing

C o n t r a c t  f a r m i n g  h e l p s  w h e n  c o m p e t i t i v e  d o m e s t i c  m a r k e t s  do  not  exist or arc 
underdeveloped, c o n v e r s e l y  c o n t r a c t s  diminish in importance w i t h  the development ol 
competitive markets It w o r k s  when quality requirements arc to he met. I hey arc ideal for a 
win-win situation since they represent a natural mutual dependency. C erenls, common 
fruits and vegetables and commodities with established mass markets, considerations o 
contract cultivation arc ruled out. Seed multiplication, organic foods, vegetables, mu . 
and exotic produce/plants, export crops, aromatic, herbal and mcdicina p a n s ,  
cropping activities with specific requirements of  quality/cultivation practices



Contract farming can be structured in a number of ways depending on the crop, 
the objectives and resources of the sponsor and the experience of the farmers. Contracting 
out production is a commercial decision to facilitate an adequate supply within a designated 
period and at an economic price. Using any of  the models can theoretically contract out any 
crop or livestock product; however, certain products favor specific approaches.

Broadly speaking, contract farming arrangements fall in to one of the following 
five models.

• T h e  c e n t r a l i z e d  m o d e l

• T h e  n u c l e u s  e s t a t e  m o d e l
• T h e  m u l t i p a r t i t e  m o d e l  

T h e  i n f o r m a l  m o d e l  
T h e  i n t e r m e d i a r y  m o d e l

D e c i s i o n s  by s p o n s o r s  o n  the ty pe  ol m o d e l  to fo l low  sh o u ld  be m a d e  on the 
basis  o f  m a r k e t  d e m a n d ,  p r o d u c t i o n  a n d  p r o c e s s in g  r e q u i r e m e n t s  an d  the e c o n o m i c  and 
social  v i ab i l i t y  o f  p l a n t a t i o n  v e r s u s  s m a l l h o l d e r  p ro du c t ion .  W h e r e  m a r k e t  r e qu i r emen t s  
necess i t a t e  f r e q u e n t  c h a n g e s  to the l a r m  t e c h n o l o g y  wi th  fairly in t ens ive  f a rm- leve l  suppor t  
f rom the s p o n s o r ,  the p e r m a n e n t  o r g a n i z a t i o n  and  m a i n t e n a n c e  o f  a p r o d u c t i o n  cha in  un de r  
a c e n t r a l i z e d  m o d e l  is vi tal .  O r g a n i z a t i o n s  that  r equi re  s t r ingent  p r o c e s s in g  s t andard s  rely 
largely on  the  c e n t r a l i z e d  m o d e l  I o r  c r o p ,  s u c h  as tea. s u g a r  and  oil pa lm,  wi th  w hich  
f a r m e r ,  m a y  h a v e  had  l i t t le o r  no  e x p e r i e n c e ;  s p o n s o r s  are  m o r e  l ikely to fol low,  w h e r e  
poss ib le ,  the n u c l e u  > e . t a l e  a p p r o a c h  S u c h  c r o p s  r equi re  a s igni f i cant  lo ng - te rm  inves tmen t  
and,  g e n e r a l l y ,  i m m e d i a t e  p r o c e s s i n g  a l t e r  harves t .  H o w e v e r ,  the lack ot a d e q u a t e  land or 
pol i t ical  n p p o  a t i o n  to e . t a l e  d e v e l o p m e n t  may d ic t a te  a cen t r a l i zed  ra the r  than nuc leus  
es tate  a p p r o a c h .  W h e r e  q u a l i t y  co n t r o l  is not  the p r e d o m i n a n t  co n ce rn ,  the in fo rmal  mode l  
may sulllce In >ome n i ip les .  s p o n s o r s  use  thi rd par t ies  or  in t e rm ed ia r i e s  to sub  cont rac t  
p r o d u c t i o n  ou t  to f a rm er  ,

If  the  s p o n  .or c o n  a d e r .  that  a f ield trial is w ar ra n te d  pr ior  to (he in t roduc t ion  o f  
a c rop  to f a r m e r s  o r  that  n g u a r a n t e e d  m i n i m u m  th r o u g h p u t  is r equ i red  for the p roces s ing  
facil i ty,  a n u c l e u s  e s t a t e  m o d e l  is o f t e n  m o s t  app ro p r i a t e .  W h e r e  capi ta l  i n v e s tm e n t  in 
processing fac i l i t i es  is c o n s i d e r a b l e  and  the n u m b e r  o f  con t rac t  f a rmers  is h igh,  e i ther  the 
cen t r a l i z ed  o r  the  n u c l e u s  e s t a t e  s t r u c tu r e s  ca n  be used ,  a c c o m p a n i e d  bv  s t rong  mana g e r i a l  
inputs  and b a c k e d  b y  f o r m a l  con t r ac t s .  S e a s o n a l ,  s h o r t - t e rm  c ro ps  cha ra c te r i z e  the informal  
m o d e l ,  w h i c h  m a y  b e c o m e  m o r e  w i d e s p r e a d  in the future ,  w i th  o n ly  m in im a l  mater ia l

support to farmers.

Often, the operational structure of projects changes over time, for  example, the 
distinctions between the centralized model and the informal model are sometimes blurrc . 
Successful individual informal developers may expand their operations into activities that
even tua l ly  e v o l v e  in to  the  c e n t r a l i z e d  c a te g o r y .



T h i s  is a  ve r t i ca l ly  c o o r d i n a t e d  s c h e m e  w h e r e  a  s ingle  p ro c e ss o r  buys  c rops  
f rom m a n y  s m a l l  f a r m e r s  u n d e r  s t r ic t  q u a l i ty  cont ro l .  S p o n s o r s ’ i n v o l v e m e n t  in p roduct ion  
var ies  t r o m  m i n i m a l  i n p u t  p r o v i s i o n  to the  o p p o s i t e  e x t r e m e  w h e r e  the  sp on s or  takes  
cont rol  o f  m o s t  o f  p r o d u c t i o n  asp ec t s .  It is u s e d  for  t ree c rops ,  annua l  c rops ,  poultry' ,  and 
da i ry  p r o d u c t s ,  w h i c h  o f t e n  r e q u i r e  a  h ig h  d e g r e e  o f  p r o c e s s i n g  su ch  as  tea  or  vege tab les
for c a n n i n g  o r  f r ee z ing .  " &

I lie ( e n t r a l i x e d  M o d e l

2. T h e  n u c l e u s  e s t a t e  m o d e l

[t i ,  die  1. 1iiiiiii*oi l o i m  i>l con t rac t  l . i r m m g .  ll is a var i a t ion  ol cent ra l ized
no d c l  w h e r e  the  s p o n s o r  a l s o  m a n a g e s  a cent ra l  estate,  ll i nv o l ve s  a l i rm g r o w in g  s o m e  ol 
he c r o p  i lsel l  o n  a p l a n t a t i o n  a n d  c o n t r a c t i n g  the icsl  toil to smal l  f a rmers  nea r  the
plantation.  It i n v o l v e s  a s i g n i l i i a n t  p r o v i s i o n  ol mater i a l  and m a n a g e m e n t  inputs .  The  
British b a s e d  C o m m o n  W e a l t h  D e v e l o p m e n t  ( o r p o ra t io n  (t DC ) w a s  a p io n e e r  of  this 
r todel  a l t h o u g h  it no  l o n g e r  d e v e l o p s  s u c h  es ta tes .  It is m a i n l y  use d  for t ree c rops  and  dai ry  
product ion.  A  c o m m o n  a p p r o a c h  is lor  the  s p o n s o r s  to c o m m e n c e  wi th  a pi lot  es tate  then,  
ifter a trial  p e r i o d ,  i n t r o d u c e  to f a r m e r s  ( s o m e t i m e s  ca l l ed  “ sa te l l i t e” g ro w er s )  the 
e c h n o l o g y  a n d  m a n a g e m e n t  t e c h n i q u e s  o f  the pa r t i cu la r  crop.  N u c l e u s  es t a tes  have  of ten 
pecn u s e d  in c o n n e c t i o n  w i th  r e s e t t l e m e n t  o r  t r a n s m i g r a t i o n  s c h e m e s ,  s u c h  as in Indones ia  
md  P a p u a  N e w  G u i n e a ,  for  oil  p a l m  a n d  o t h e r  c rops .  W h i l e  m a i n l y  u s e d  for t ree c rops ,  
here  a re  e x a m p l e s  o f  the  n u c l e u s  e s t a t e  c o n c e p t  wi th  o the r  p roduc t s .  Indones ia ,  tor  
example, h a s  s e e n  th e  o p e r a t i o n  o f  d a i r y  n u c l e u s  es t a tes ,  w i th  the central  es ta te  being

Primarily u s e d  for  the  r e a r i n g  o f  “ p a r e n t  s tock



Under this model, variety o( organizations including government manages the 
scheme. It can be developed from centralized or nucleus estate models. It may have 
separate organizations responsible for credit provision, production, management, 
processing and marketing etc. It is common in China where government departments and 
foreign companies have entered into contracts with farmers.

Figure outlines a multipartite project in China. In this particular case, the 
county branches, through their agronomists and field technicians, were responsible for 
implementing and maintaining the terms and specifications of the agreement. There were 
formal contracts between the joint venture and the branches, and written contracts between 
the counties and the village committees, but only a verbal understanding between farmers 
and their respective committees. In theory, farmers were expected to carry out cultivation 
as specified by the joint venture. In practice, however, county officials only followed 
instructions trom the joint venture il to do so was in the county branch's immediate 
economic interest, irrespective ol quality standards and long-term production objectives. 
The lack ol coordination between the joint venture and the county management, village 
cadres and farmers eventually resulted in the collapse of the venture.

T h e  m u l t i  p a r t i t e  m o d e l  
A jo iu l - v  e n t u r e  c o n t r a c t - f a r m i n g  p r o j e c t  in

o m l - v c n l m c

V i l l a g e  c o m m i t t e e s



In Colombia, a company started buying passion fruit in 1987. using the 
centralized model. The company ran into difficulties because it proved impossible to 
control extra-contractual marketing. It therefore developed a multipartite model in which 
all farmers were expected to belong to associations or cooperatives and public institutions 
became involved as providers of  credit and extension. This arrangement significantly 
reduced both the risk o f  extra-contractual marketing and the company’s costs of dealing 
with individual farmers, while being generally welcomed by farmers. Problems remained, 
however, most notably in relation to the lack of management skills on the part of the farmer 
associations and cooperatives.

4. The inform al m odel

This model applies to individual entrepreneurs or small companies who 
normally make simple, informal production contracts on seasonal basis particularly for 
crops such as fresh vegetables, watermelons and tropical fruits. Crops require only minimal 
amount of  processing. Material inputs are often restricted to the provision of seeds and 
basic fertilizers, with technical advice limited to grading and quality control matters. It 
involves greater risk on extra-contractual marketing. A common example of the informal 
model is where the sponsor, alter purchasing the crop, simply grades and packages it for 
resale to the retail trade. Supermarkets frequently purchase fresh produce through 
individual developers and, in some cases, directly from farmers. Financial investment by 
such developers is usually minimal. This is the most transient and speculative of all 
contract-farming models, w i t h  a risk of default by both the promoter and the farmer. 
Nevertheless, in mans d e v e ln p in u  c«>u n t r i e  ̂ such developers are long established and in 
numerous cases the;- have p ro ved  an a l te rna t ive  lo the corporate or state agency approach.

5. T h e  i n t e r m e d i a r y  m o d e l

In this model, linns purchase produce from intermediaries like farmer 
associations or private middlemen and not directly Irom farmers. 1 here is a danger that the 
sponsor loses control ol production and quality as well as prices received by the larmcrs. In 
addition, the technical policies and management inputs ol the sponsors can become diluted 
and production data distorted In short, subcontracting disconnects the direct link between 
the sponsor and firmer I hr. can icsiill in lower income lor the tanner, poorer quality 
standards and irregular pro lu< tmn

In the s n u p - l r o / e n  vegetable industry m Northern 1 hadand, two companies 
directly contract out to middlemen, or “collectors . who organize over 30 000 farmers to 
grow soybeans, green beans and baby corn, primarily lor the Japanese market. Each 
collector normally controls and supervises from 200 to 250 fanners.

Collectors are responsible for all field activities Irom sowing to harvesting. 
They are paid a commission based on the total production of the larmcrs they supervise. 
Hie sponsors’ agronomists dictate the varieties and fertilizer to be used as we asMie 
sowing programmes and crop husbandry methods. I he companies a so empc y 
officers to provide technical support to the collectors and their subcontracted farmers.



General Characteristics

J.

5.

Nucleus
estate

M u l t i p a r t i t e

4. 1 In fo rm al

Private corporate sector 
Stale development agencies

Directed contract farming. Popular in 
many developing countries for high 
value crops. Commitment to provide 
material and management inputs to 
farmers.

State development agencies 
Private/public plantations 
Private corporate sector

Directed contract farming.
Recommended for tree crops where 
technical transfer through
demonstration is required.
Commitment to provide material and 
management inputs to farmers._______

Sponsorship by various 
organisations, e.g.;
Private corporate sector 
State development agencies 
Stale marketing authorities 
Land o w n er ,
l a rm c i  c o o p e ra t ive s  ___

e n t r e p r e n e u r - .
S m a l l  c o m p a n i e  . 
f a r m e r  c o o p e r a t i v e s

I n t e r m e d i a r y  P r i va te  u  a poru le  se c t o r
St. ite dev eh ipm ent  agencies

Common joint-venture approach. 
Unless excellent coordination between 
sponsors, internal management 
difficulties likely. Usually, contract 
commitment to provide material and 
management inputs to farmers

Not usually directed contract farming. 
Common for short term crops; i.e. 
fresh vegetables to wholesalers or 
supermarkets. Normally minimal 
processing and lew inputs to tarmers. 
Contracts on an informal verbal basis.
1 ransi lory in nature.  ________
Sponsors are usually I rom  the pr ivate 

sector. Sponsor  con t ro l  o l  material  and 

technical inputs  varies widely. At 
t imes sponsors are unaware ol the 
pract ice when lega l ly  carried out by 
large-scale burners. Can have negative
c o n s e q u e n c e s . ________________________

(Anon.,ll)98)

Advantages to fa rm ers

1. Aecess to product markets

Small farmers in developing countries are ° ^ c m M i ‘nnl may
Corporate firms can potentially guarantee access to wider in
increase profits o f  farmers and processing firms.



Small fanners may not get low interest rate for financed credit for lack of 
collateral secunty. Firms can directly provide credit or sponsor them for bank loans.

3. Provision o f  e x ten s io n  services  and  farm inputs

Firms can educate farmers about new technologies to improve crop yield. They 
can provide agricultural inputs (seeds, fertilizers, pesticides etc) to farmers who lack 
sufficient capital. Farm equipment may also be provided under specified conditions.

4. Management of  price risk

A d v a n c e  price nego t ia t ions  al leviate the risk ol the market price falling after the 
crop is harvested.

5. Family farm employment

I sually involves labor-intensive crops, which can increase the opportunity for 
family members to work on their own small farms rather than perform low wage labour on 
larger farms.

6. D e v e l o p m e n t  o f  c o m m c i u . i l  a g r i c u l t u r e

Schemes expose small larmers to the commercial process and develop new 
skills such a.s negotiating the terms ol contract and communicating with outside panics.

Problems to farm ers

1. Risk ol crop failure

Olicn require . I.uiucrs lo glow new ciops. which incieasc llic lisk ol crop oi 
production failure I hose ri k . arc most olicn borne by the small larmers because the firms 
will not pay farmers who do not harvest a crop.

2. Risk of market fluctuations

Depending on lire schemes, prices for crops may he settled at the beginning of 
the season I Ins can he beneficial as well as problematic depending on fluctuations in the 
market If the farmers later choose lo sell in the open market, ignoring their contractual
duties, they con he seriously penalized.

3 Unequal bargaining power

Firms usually have more influence on the terms of  the contract and can create 
Bnd can create unfavorable conditions for unwary farmers.



4 Unrel iable  firm m a n a g e m e n t

Firm sta l l  may be corrupt or inefficient. This affects quotas and how much crop 
the firm will buy trom farmers as well as farmer-firm good will and durability of business
relations.

5, Exclusion  o f  small  and  m arg ina l  farmers

In most cases, large larmers alone participate because they can profits due to 
economies o f  scale. This widens the gap between small and large farmers.

6. Social tensions from income distribution

The selection process of contract farmers can create rifts in communities 
because of  the resulting disparity of wealth between contract and non-contract farmers.

A dvantages  to s p o n s o r

1. Public relations

It is viewed n> a more socially responsible choice for the firms compared with 
plantation or estate farming.

2. Access to land

Aeri-hu .me .. linns n u \  have dillicultv in obtaining land rights on their own in
.  c  v .

developing eotmlrie .. Small ta n n e r . mat hav e easier access or already own land.

3. Risk transfer

I i r m . decrease their overall risk by eliminating their responsibility for 
production while at the .mie lime, retaining a more reliable crop supply than on the open 
market

4. Quality

Firms have a higher degree ol control over the quality and uniformity of the 
produce because theoretic.illy, they can dictate quality control measures and fanning 
methods. Contract terms may state that only produce of a certain quality will be purchased, 
creating an incentive for farmers to pay attention to quality.

Problems to sponsor

L Land tenure

Depending on the country, farmers may have limited security o f  land tenure, 
decreasing opportunities for long-term operations



Farmers may not be willing to participate in contract farming schemes because 
of community wide distrust of multinational firms. If the firms are willing to participate, 
social and cultural traditions can pose difficulties for local managers.

3. Poor fanner relations

l h e  relationship between farmers and firms can quickly deteriorate with poor
management and misunderstanding ol the practices. This can result in higher incidences of 
contractual breach bv farmers.

m

4. Extra-contractual farming

It market conditions improve, farmers may ignore their contractual duties and 
sell on the open market.

5. Misallocatiun ol resources

farmers may use tirm’s credit and input for non-contractual operations, causing 
a lower yield for the contracted crops.

Contract farming in India

In India, contract firming can he traced back to colonial period when 
commodities like ( otlon. Indigo etc where produced by Indian farmers for English 
factories 1TC introduced the cultivation of Virginia tobacco in coastal AP in the 1920s 
incorporating mo ,t ol the elements of lair contract farming and met with good farmer
response, fhis was replaced In auctions in 1984. Organised public and private seed
companies, which emerged in the 1960s, had to necessarily depend on multiplication of 
seeds on individual tumi . under contract lo them since they did not own lands. Faced with 
an acute .horluL'e ol so i l  wood, VVimco, the country's sole mechanized match 
manufacturer, m-.tilulrd an innovative larm-lorcslrv scheme for the cultivation of poplars 
in Punjah. Ifarvanu ami I tt.w I’radesh. It met with a good (arm response and success
despite the trees being exotic to the regions

Wimco also tried to procure tomatoes at the same time for its processing 
factories in the South through a halting recourse to contract purchase. PepsiCo introduced 
tomato cultivation in Punjah  m the 1990s under contract farming to obtain inputs for its 
paste-manufacturing facility established as a pre-condition to its entry into India. I his was 
sold to Hindustan 1 ever in 2000, which had earlier acquired Ihc Kissan tomato processing 
facility in Karnataka. Nijjer in Punjab and Bhilai Engineering in Madhya Pradesh also took 
up tomato contract cultivation programmes shortly after PepsiC o. Contract farming was the 
strategy o f  choice for almost all food processing projects contemplated in the 1980s and 
1990s, most of  which never came up. Unreliable and uneconomic raw material availability 
has been (heir major handicap. Smaller projects involving specialised export crops, 
aromatics, medicinal plants and herbs, etc still actively use contracts in their own restricted 
areas.



Contract farming is again in vogue, and even tried for bulk production of 
subsistence crops, such as paddy-rice, maize and wheat. Punjab government has actively 
encouraged it as a means of crop diversification. Most such contracts now have specialised 
contract agencies as interfaces between farmers and input suppliers/crop purchasers.

Commodity co-operatives (dairies in Gujarat, sugarcane in Maharashtra), which 
emerged in the 1950s, provided most services envisaged under ideal contract fanning to 
their members and bought back the supplies offered at contracted prices, although these 
were not strictly contract arrangements. They succeeded enormously, leading to their 
replication and compelling private companies also to adopt similar approaches. Contract 
farming is now considered to be a corrective to market imperfections and serving a useful 
purpose in India in its own limited sphere.

Contract farming covers loose buying arrangements, simple purchase 
agreements, superv ised production with input provision, with possibly tied loans/advance 
and risk coverage, and managed production with input provision and tied loans/advance. 
Introduction of new crops and varieties as well as techniques of production also forms a 
part ol some contracts. Quality parameters may he integral parts of contracts, but are not 
always understood properly. Defaults occur mainly through availability of alternative 
channels of disposal lo farmers and sources of supply to buyers, which mere mention of 
exclusivity in contracts cannot overcome. Effective reciprocity of terms and conditions is 
not alwavs assured Contract agreements ranee from oral deals to formal, registered written

«  •—  S .  c .

contracts. Sugar and milk cn-opcrativcs provide significant social and community services 
as well Sugar mills had cniiliact vviili the sugarcane growers for the supply of sugarcane. 
Seed companies have carried out seed production for more than 4 decades. Organized 
public and private seed companies, which emerged in the 1960s, had to depend on contract 
farming, as thcv did not own lands. However, the concept ol contract farming has come a 
long way from such origins. In the last couple ol decades, contract farming is viewed as a 
tool to provide technology, extension services, credit etc to the tanners, ll is perceived as a 
mutually beneficial arrangement between the linn and the farmer by the governments and 
international aid agencies (Asokan and Singh, 2003).

l egislation m India stales llial no company can hold land for agricultural 
purposes. I his has  f u r t h e r e d  the case ol contract tanning resulting in control ol the produce
as well as costs.

Prominent e x a m p l e s

• Tomato cultivation in Punjab, Haryana and Rajasthan
• Mushrooms in I laryana
• Sunflower in Andhra Pradesh and Karnataka

Gherkins in Karnataka
Fruits and vegetables in I nmil Nadu, Mnharnstra and Andhra Pradesh

Multinational companies like PepsiCo and Hindustan Lever Od (IILL) in 
Punjah and Haryana, Maxworth Fruits in AP, Karnataka and Intnil Nadu, VST Natural 
Products Ltd. in Andhra Pradesh; Cadhurys in Karnataka etc take up contracts.



In Kerala, many auyrvedic pharmaceutical agencies like Kottakkal 
Aiyavaidyashala. Sanjee\ani. Dabur, Nagaijuna, Oushadhi etc take up contract farming of 
Kaipan padavalam, Adapathivan, Marunnu koorkka, Kiriyatha, Stevia, ThuFasi. 
Kattarvazha, Patchouli and other medicinal plants. Pepsi India has recently begun a pilot 
project of  pineapple cultivation through contract farming. It is said that Kerala has 
tremendous potential in pineapple cultivation due to its vast rubber plantations, where 
pineapple is an ideal inter-crop in the first three years of the rubber plantlet.

Pepsi Co

In 1989, Pepsi Co started contract farming in India. It provides machines and 
other inputs for tomato, chilli, basmati rice and peanuts contract farming. The practice was 
started tirst in Zahura village in Hoshiarpur district in 1989 by installing a 22 crore tomato 
processing plant (Anon.. 2003). It now covers different districts of Punjab like Jalandhar, 
Amritsar. Patiala. Sangrur etc. to win the confidence of the local farmers. Pepsi Co has 
partnered with Punjab Agricultural University (PAU) and the Punjab Agro Industries 
Corporation. Because of the contract farming in Punjab the yield of tomato and chilly has 
increased by three and two lolds respectively, five crores of rupees has been invested in 
setting up Basmati processing unit in Sonepat and provided the technology for optimizing 
production. The area under cultivation has gone up to five fold in order to meet the 
demands

Seed production

Given the I and < cdmg \ct in India, the seed firms cannot own and cultivate 
land for seed production I herelorc the only options lor agri-business linns is to procure 
desired (.(iialitv »eeds are t«> grow seeds on leased land or have contractual arrangements 
with the primary pr<iducer,

( ontrait larmmi' <>! seed tn India is currently being practiced In multinational 
linns Pepsi f argill. h.mdo/ and Advaiita India, domestic eoipoiate like Kallis India, Indo 
American Hybrid Seed .. <acidi.ii.it seeds, Nlahyeo, Anhui seeds Nath seeds and Namdhari 
seeds and v a r i o u s  statal and para sl.ital corporations with varying degices of success. I lie 
seed companies and seed corporations have been able to use the contract system 
successfully as they work with a few farmers ovei a smaller aica and the small costs 
incurred by the companies are recovered more easily.

Hie National Seeds Corporation (NSC) still works with 7000 farmers under 
contracts despite its role being superseded by the State Seed C orporations, which also 
practice contract farming. 1 he National Seeds Corporation produces about hundred open 
pollinated varieties o f  vegetable seeds over an area of nine lakh hectares compared to 
fifteen lakh hectares by the entire private sector in India besides dealing in seventy live
crops and four hundred and twenty varieties (Singh, 2003).

The contract systems adopted by different seed companies differ in their 
provisions so far as the relationship with farmer is concerned. These are procurement and 
input contracts, under which the companies not only agree to pick up the contracted



Profile of contracts of seed sector agencies
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(Singh. 2003)

In .1 stud', conducted about the contract wheat seed farming in Haryana state, it 
was found that public agency contracted medium and large farmers whereas private agency 
contracted all farm sizes, lhe wheat seed farmers of private agency received all inputs, 
production tcchnoloijv and extension services whereas the tanners ot public agency were 
provided only the seeds (Kumar and ( hand, 200-1).

[,, ,, ,t„d*» conducted <m conli.icl farming in tomato, it was found that the 
holding size ot the Simple contract limners indicated that the processing firms favoured 
large farmers while .elcdiui- lor contract Among various categories ot contract farmers, 
large contract f i rm e r . o b t a i n e d  higher net returns, lollowed by small and medium ones, the 
contract farming system lor tomato considerably reduced the yield uncertainty and 
completely removed the price u n c e r t a i n l y  among its farmers, whereas it was very high in 
the case of  non-contr.u t larmers ( I bleep i'i i l l . 2002).

Roth ( 1002) listed out ten w a y s  in which firms exploit the poultry growers in 

the I Inited States

Contract Farming in Thailand

I hailand has boon one of  lhe pioneers in contract farming in Asin It Iras been so 
largely due lo Hie active promotion of  this mechanism ol coordination of agricultural 
production and marketing m lire mid 1080s. Thailand also has largest degree of private 
sector involvement in contract farming. Contract farming has been a key element oi l ha 
government s development plan reflecting a strategy o f  private-led integrated agricultural

development



soon came

Contract tarming system emerged more than three decades ago to begin with 
poultry - sugarcane, tobacco, pineapple and vegetables. But in the early 1990s.''contract 
farming was in place m the following commodities/crops in Thailand- palm oil, asparagus, 
maize, maize seed, castor oil, eucalyptus, baby corn, sunflower, bamboo, barley, sea 
shrimp, cotton, ginger, mushroom and fragrant rice.

Contract tarming has been so popular in Thailand that even the Food Processing 
section of the Royal project has adopted it as a central hub in its operations. By the late 
1990s, almost 100 percent ol commercial production of poultry in the country', especially 
which meant tor trozen chicken exports, was under some form of contract (Singh, 2002).

Though contract tarming was initiated by the private sector, the government
 ---- ------- ‘ to play a major role in terms of both setting broad policy directions for
diversifications as well as underwriting private sector activity in a variety of ways through 
various institutions like

• Board Of Investment (BOI)
• National hconomic and Social Development Board (NESDB)
• Agricultural Land Reform Office (AERO)

Besides there are two other wings of the stale- Ministry of Agriculture and 
cooperatives (MOAC > and ministry of finance (MOL) which promotes contract farming 
through their own agencies i e.. Department of Agricultural Extension (DOAE) and Bank 
of Agriculture and Agricultural < ’ooperatives (BAAC).

It is found that slate policy has helped contract farming to take roots in the
count rv

M o d e l  C o n t r a c t  F a r m i n g  S c h e m e

New Measures and Regulated Markets

I he Regulated Markets legislation sought to eliminate numerous marketing 
malpractices by allowing transactions only in well-identified mnrkct yards and under the 
supervision of a statutory market ( ommillcc. Over time, procedures and paper work 
became focal points of market regulators, rather than facilitation and enlarging of trade and 
regulated markets became bottlenecks. I iinited access to open trade ad\crscl\ affects 
production of new and diversified crops. Confining trade to the existing yards and traders 
to recogni/cd ones may not suit new crops with new spatial patterns and tiading entities. 
Freeing Indian agriculture from such constraints through appropriate reform is an idea
whose time has come.

The draft legislation under circulation recommends recognition of additional 
sub-market yards, including those managed by persons or bodies oilier than market 
committees as markets under the acl and the establishment of  special markets lor speciltc 
commodities and special committees lo govern them I Ids does not quite meet the purpose 
It would still require the physical movement ol a commodity between the place il is 
produced and a market, instead o f  an unrestricted direct movement between the points ol 
origin and processing or consumption, to help reduce cost, delays, wastage, and qunlity



A desirable contract-farming approach requires several actions on part of 
sponsors as well as administrators (financial institutions roles and actions have been listed 
above):

S p o n s o r  I ssues  fo r  A c t io n

Sponsors need to del me unambiguously the type and nature of the contract, as 
well as areas and periods covered at the outset. They have lo list the scope of their own 
activities as also those ot the growers, and their respective performance obligations. 
Contracts must clearly specify:

• Quantities involved (on volume, area or entire crop basis), delivery' schedule, points 
ot delivery and procedures to be tollowed in the event of shortfalls or excesses 
Modes and responsibilities ol grading, packing and transport and costs 
Prices: tixed in advance ol season, flexible prices, spot, consignment, split 
Payment modalities: time, form, hold-backs, if any 
Incentives based on quality and/or time performance 
Advances and their recoveries 
Insurance, market lee and other related costs 
Provision^ in ca.c ol excess or short supply 
Indicative net realization by tanner.

S p o n s o r ,  m u  a l»ie11 . on  c r o u p s ,  an d  not  individuals .  I h c  a g r e e m e n t s  sh ou l d  be 
s imple ,  shor t  a n d  d e v o i d  o f  legal  ja rgon.  T h e y  mus t  not involve  p r op er ty  l iens or  
a t t a c h m e n t s  u n d e r  any c i r c u m s t a n c e s .

D e v e l o p m e n t / S u p p o r t  Issues

• P roec . .o r , m pou .01 , must equip llieiuselves vvilh suitable icseareh and 
development, cllori e specially concerning agronomy and the required extension
drive,

• All  s u c c e s s ! ul c o n t r a c t  t a n n i n g  is ba se d  on app rop r i a t e  pr ic ing.  G iv e n  the of tcn-  
cy c l i ca l  n a t u r e  of a g r i c u l t u r e  p r o d u c t i o n ,  s p o n s o r s  cou ld  c o n s i d e r  e s t ab l i sh ing  a 
p r i ce  s t a b i l i z a t i o n  b i nd  as  a d e s i r a b le  s tep lo o v e i c o m c  this p r o b l e m .

• Mo c o n t r a c t - f a r m i n g  s c h e m e  w o u l d  s u cc ee d  111 the shoi l  run.  I e r s i s t cncc  for a 
r e a s o n a b l e  per iod  e x t e n d i n g  o v e r  seve ra l  years  is essent ial .

Administration

• Stale governments must recognize contract arrangements of all types, and exempt 
them from the purview of the current or amended A P M C  acts.

• There should be a simple registration of all contracts with the concerned district 
agriculture office. I his is to be performed by the buyer, to avail of the exemption 
from the Act (here is no need to ensure formalization or government registration
and supervision of growers’ groups.



The best conflict resolution is avoidance of conflicts, as assumed in the logic of
the above recommendations. Neverthe ess some conflicts might still arise, which need to 
be simply, effectively and quickly resolved.

Three stage process

1. In iru-group d iscuss ion  and settlem ent.

2. S im ple  a rb itra t ion  on  the lok adalat m odel, with a local First Class Judicial Magistrate
ass is ted  b> ta n n e r  spon so r  representatives, and one em inent person o f  area acting as 
the a rb itra t ion  forum. 0

3. O n e  a p p e a l  to d i s t r i c t  j u d g e / m a g i s t r a t e .

The en t i r e  p r o c e s s  m u s t  be  c o m p l e t e d  in a m a x i m u m  o f  three m on th s ,  and 
a w a r d s  u n d e r  it m u s t  h a v e  judic ia l  s a n c t io n  o f  a d ec re e  o f  a civil  cour t  and mus t  be 
e n fo rc e a b l e .  Lega l  p r a c t i t i o n e r s  m u s t  not  be  a l l o w ed  to par t ic ipate  in the process .  It should  
not  be  su b j e c t  to Ind ia n  C o n t r a c t s  Ac t  or  fu r ther  review.  (Anon . ,  2003) ,

Issues  fo r  po l icy  m a k e r s .

C o n t r a c t  t a r m i n g  is a p r o m i s i n g  t rend s h o w i n g  p ro m is e  o f  adaptab i l i ty  to Indian 
c o n d i t i o n s  w i th  s c o p e  lor  m a x i m u m  benef i t  to farmers .  I f  cont rac t  f a rming  lias to be 
succ ess fu l  in India ,  t hen  g m e m i n e n t  has  to be p repa red  to m a n e u v e r  on the po l i cy  front.  
T h e  first i s sue  b e f o r e  the  policy m a k e r s  is the need  to ensure  the legal  sanctity lo the
proc ess  o f  c o n t r a c t i n g  aiul the ins t i tu t ions  ol farm cont racts .  T h e  present  legal f r am ew o rk
and  c o n t r a c t  l aw s  d o  not  c o m p l e t e l y  pro tec t  the interest  o f  the fa rmers  and  therefore  one  
need to look into legal  a s p e c t s  m o r e  c lose ly .

R e g i s t r a t i o n  ol  the contract.-, wi th  the g o v e r n m e n t  is to be m a d e  essent ial .  U n d e r  
the new a g r i c u l t u r a l  M a r k e t i n g  P r o d u c e  A c t  recently passed  in H ary an a ,  all con t rac t s  have  
to ha ve  deta i l  . expl i c i t ly  s l a t ed  and  need  to be  r eg i s te red  wi th  the g o v e r n m e n t  as well .  This 
sy s te m  has  to be  r e p l i c a te d  t h r o u g h o u t  the coun t ry .

\  ce n t ra l  11 ■ cel  l e r n l a l o i s  a u t l i o i i h  is ncccssa rs  to deal  wi th  the i ssues  related
• •  *

with  r e g u l a t i o n s  Al.»» m a k e  p u r c h a s e  in t e r fe rence  In a third par ty  in a co n t r ac t - f a rm in g  
program, a c o g n i / a h i c  o f fe nce .  In t ro d u c e  insu rance  pol i c ies  to p r o v id e  c o m p r e h e n s i v e  
coverage o f  the cr<»p« i n c l u d i n g  loss  ol prol i t  to the (a imers .  N o n - g o \ c r n m c n t a l  and 
c o m m u n i t y  o r g a n i z a t i o n  , ha ve  to he i n v o U e d  in m o n i t o r i n g  the w o i k i n g  ol contracts .

In a d d i t i o n ,  it is necess. i i> to e n c o u r a g e  cont rac t  f a rming  by bu i ld ing  up p roper  
safety net  p r o g r a m m e s  an d  p i o v i s i o n  ol technica l  suppor t  f rom the state agi ieu l tu ia l  
d e p a r t m e n t s  a n d  u n i v e r s i t i e s  A n e w  cm m a y  begin in the agr icul tura l  sec tor  it this 

ins t i tu t ion w o r k s  to the  benef i t  ot  the fa rmers .

Conclusion
C o n trac t  fa rm ing  can be regarded  as one  o f  the options to create a friendly 

env ironm ent w ith in  the private  sec to r  for agricultural developm ent. w e manage 
contract fa rm ing  is e f fec tive  in linking the farm sector to sources ol exlens,on advice 
m echan iza tion , seeds. Ic r t i l t /e rs  and  credit and to guarantee pro t l a ' c  mar J -  1
Produce. The p ro p e r  im p lem en ta t io n  o f  governm en t p o l i c e s  and proper environment 
lhe private sec to r  will surely  pave a new  w ay  in Indian agriculture.



Price fixation under this model is done direrilv 
farmer enters into contract production due to the assured n ' ,rmer and company. A
is not able to bargain with the company on equal footinP^S1 ° U? ^  mdividual farmer 
contract are decided arbitrarily and can hastily be distn f *• nature ^  terms of
are frequent breaches o f  c o n t r a c t s L ^  ^
exploitative model in contract farming. anism exists. It is the most

S ± r - *    - tsarxzss a w *  °s:
2. Which ot the five models can be adapted to the vegetable?

I he mtorm.,1 model can be applied lo the vegetables, which require minimal 
amount ot procev%m'j. 1

3. W h> the  c o n t r a c t  - t aken  up  the PepsK \» w a s  a fai lure story and Basmat i  rice a success
rfihr* ■ I

Iomato contracts were a failure because of the breach of contracts bv the 
company. They ottered a price much lower than the market price when the commodity was
harvested I hi-, led to wide spread distrust. I ater they came up with better contracting 
agreement > tor h i m m

4. W h> eout i  ,i,.t i n ii it in- i , ik i e .si ul in 11i.ii land .’

f hail.mil. c <11111,n i larmiii]' has a good hack up from the government side and 
that is the m.qor rea ,on tor  the success ovct there.

5. Is there anv legal tramewoil. I«• r the coiiIi .k I larmmg. m India?

In India, an Indian contract Act was passed in September IN72. 1 hnvever there 
arc no legislations regarding contract burning as such Under the new agricultural 
Marketing Produce Act recently passed in Haryana, all contracts have to have details 
explicitly staled and need to he registered with the government as well. This system is yet 
to be replicated throughout the country.



Contract farming is a market driven phenomenon unlike traditional farming that 
first produces and then look for the market. It is defined as an agreement between the 
primary producer (farmer) and an agri-business firm (sponsor) to procure certain pre
agreed quantity and quality ot a produce at a particular time and price in future. It can 
purely be a procurement transaction or can extend into supply of inputs or even beyond 
i Easton and Shepherd. 2 0 0 1 ) .

The different types ot contract farming include marketing contracts, production 
contracts, resource providing contracts and product specification contracts. Contract 
farming arrangements fall into one of the five broad models, which include centralized 
model, nucleus estate model, multipartite model, informal model and the intermediary 
model.

C o n t r a c t  ( a r m i n g  b e g a n  in l a i w a n  in 1805.  f i r m s  star ted to pract ice  cont rac t  
f a rming  in the  late l l>7l).s a n d  its p opu la r i ty  inc reased  th r ou gh ou t  in 1980s.  In India,  
con t rac t  ( a r m i n g  ca n  be  t r aced  b a c k  to the colon ia l  per iod.  H o w e v e r ,  the concep t  o f  
cont rac t  f a r m i n g  ha s  c o m e  a long  w a y  f ro m s u c h  or igins .  In the last c o u p le  o f  decades ,  it is 
v i e w e d  as  a tool  to p r o v i d e  t e c h n o l o g y ,  e x t e n s io n  service ,  credi t  etc to the farmers ,  it is 
p e r ce iv ed  as  a mutually,  benef i c i a l  a g r e e m e n t  b e t w e e n  the fi rm and the farmer ,  by  the 
g o v e r n m e n t  a n d  in t e r n a t i o n a l  a id a g e n c i e s  ( A s o k a n  and Singh.  2003) .

C o n t r a c t  ( a r m i n g  in India  is be in g  p ract i ced  in var ious  c rops  like tomato ,  
m u s h r o o m s ,  s u n l l o u e r .  gh e rk in ^ ,  c ln l ics ,  med i c ina l  plants,  poul t ry  etc in va r ious  s lates  like 
Punjab ,  f ( a r c a n a .  A P. I N .  K a r n a t a k a .  Kera la  etc.  Legis l a t ion  in India  states  that  no 
c o m p a n y  c a n  h o ld  l and  tor  ag r i cu l tu ra l  pu rpo ses .  Th i s  has  fur thered the case  o f  cont rac t  
f a r ming  re oil  t ing  in co n t r o l  ol  the j i roduce  as well  as costs.

C o n t r a c t  t a n n i n g  ot ,ecd in India is p rac t iced  by mul t ina t ional  f i rms like Pepsi .  
Cargi l l ,  S a n J o / .  etc and  d o m e s t i c  c o r p o r a t e  l ike Ral l is  India.  A d v a n t a  India.  Indo-  
A m c n c a n  ( I v h r id  .eeds. Nall i  s e e d s  etc and  the publ ic  sector.  1 he Nat ional  Seeds  
C o r p o r a t i o n  I NSf  i .till v.oi l  . v. i lh 7<)li() l a r m e rs  un de r  con t rac t s  (S ingh.  2lH)3).

I hail .Hid h a .  been  o n e  o f  the p io ne e r s  in cont rac t  f a rming  prac t ice  in Asia,  ll 
has b e e n  so  large! ' ,  d u e  to the ac t ive  p r o m o t i o n  ol this m e c h a n i s m  ol co o rd in a t i o n  ol 
agr i cu l tura l  p r o d u c t i o n  a n d  m a r k e t i n g  in the mid  19Hl)s. C on t rac t  ( a rming  has  be en  a key 
e l e m e n t  o f  the  g o v e r n m e n t ' s  d e v e l o p m e n t  p lan  rc l l cc t ing  the s t ra tegy o f  pr ivate- led 

in teg ra ted  agr i cu l iur . i l  d e v e l o p m e n t  (S i n g h .  2002 )

l , , r suei  e s d u l  i on l ine t  I n m i m g .  the g o v e r n m e n t  has  to be p repa red  to 
m a n o e u v r e  on  the  pol icy Ironl  l e g a l  saucl i tv ol the process  ol c o n t i a c t m g  and the 

ins t i tut ion o f  f a rm i online I.  sh o u ld  be e n s u r e d  Regi s t r a t ion  ol the co n t t a c l s  wi th  the 
government s h o u l d  he  m a d e  n e c e s s a r y  to p reven t  exp lo i t a t ion  ol bo th  con t r ac t ing  part ies 
along w i t h  the  p r o v i s i o n  o f  t e ch n i ca l  s u p p o r t  f rom the s ta te  agr i cul tura l  d e p a r t m e n t s  and

universities.
Contract farming can be r e g a r d e d  as one of the options to create a friendly 

environment within the private sector for agricultural development^ wc manage 
contract farming ft effective in linking the farm sector lo sources of extenaton advice 
mechanization, seed ,, fertilizers and credit and to guarantee profitable markets lor the 
produce The proper implementation of  government policies and proper environment 
'lie private sector will surely pave a new way in Indian agriculture.
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Self-Help Groups

The history- o f  the world is fu ll o f men who rose lo leadership by sheer of self- 
c o n f id e n c e ,  brax-ery and tenacity.

Mahatma Gandhi.

Micro finance programmes are becoming a mainstream development 
intervention for poverty alleviation empowerment of  the poor. It involves the provision of 
thrift, credit and other financial services and products of  very small amount for enablinc 
them to raise their income levels and improving living standards. As a concept it emerged 
in the early 1990's with the recognition that the poor people need a wide range"of 
financial services covering credit, savings, insurance and money transfers. Their credit 
needs involves cost o f  feeding children, sending children to school, medical treatment 
and for many other puposes. Most of  these credit needs are short term in nature and are 
meant for pure consumption purposes. In most cases they are deprived of these serv ices 
from formal financial institution like commercial banks, co-operatives, etc for want of 
collateral. In the absence o f  accessibility to credit fro these formal financial institutions, 
the poor people manage to meet their credit requirements from informal financial 
institution viz. friends, relatives, chit funds, nidhis, credit unions, traders, landlords, 
retailers, commission agents, and monev lenders even at higher rate of interest.

Micro finance programme, arc operated through small groups commonlv 
referred to as Self-Help Group iSIIGs)A  self-help group is conceived as a small 
economically homogenous ami affinity group of poor, voluntarily coming together with 
an objectives of i) to save small amount regularly, ii) to muluallv agree lo contribute to a 
common fund, in) to meet their emergency needs, iv ) lo provide collateral tree loans to 
members with the terms decided by the group, and to v) solve conflicts through collective 
leadership and mutual (list ussiori I he size ol the group is restricted to small number 
ranging from five to twenty i<> ensure group solidarity Homogeneity in terms ol 
socioeconomic conditions and levels ol living Irom the basis, lor group formation. 
Periodical meeting on a weekly or Inrlnightlv basis inculcating the habit of thrill, creating 
common fund through contributing regular savings Irom the members, on-lending to its 
members available major binding factors in group functioning. Ihcsc group based credit 
programmes equip the poor to access financial services on easy terms and conditions. It 
has been recognized as having the capacity to enhance the socio-economic development 
of the vulnerable and marginalized, especially women by creating a community based 
structure that builds mutual support and trust.

Promotion and strengthening o f  self-help groups is a possible route to promote 
self-employment. Self-help groups provide, the benefits of economics ol scale, cos 
effective alternative for different financial services, collective learning, democratic ai 
participatory culture, a firm base and platform lor dialogue and co-operation, oret . 
toe benefits o f  Self-help groups arc based on cooperation rather than competition.



f o l l o w s  the real principle o f  “contribute according to your abilitv
Z r  need. The SHG strategy involves forming small i1CCOrding “
* e poor, encouraging them to pool the thrift regularly and using the poobd d t r i t
anall interest bearing loans to members. Subsequently bank credit also become^vaiTabie 
to the group, to augment its resources for lending to its members. available

HISTORY O F  SH G S  IN INDIA

In India the concept o f  Self-help groups can be traced back to the Gandhian 
Grama Swaraj movement, it is mainly concerned with the poor and it is for lhe people 
and of the people.

The Bangladesh model of Gramccn Bank founded by Professor Mohammed 
Yunus of  Chittagong University and established exclusively for the poor helped to reasc 
the myth that "credit is the pri\ ilege of few fortunate people".

The Gramccn Bank now has an excellent recovery performance of 99 per 
cent. This is due to the mutual trust and accountability. This impetus of the present dav 
SHG movement may be attributed to the success of the Grameen Bank (Sherin. 1999).

To boost the availability ot credit supply to SHGs NABARD introduced 
SHG-Bank linkage programme in India, in 1996

RBI asked Banks to p r o v id e  priority sector lending through SHG banking. 
SHG programme has given Naiioi il prioritv during the year 1999.

Definitions a n d  c o n c e p t  o f  g r o u p ,  se l f  h e lp  g r o u p  a n d  w o m e n ’s g ro u p

Smith I 1940) defined soi_i.il as a unit consisting ol plural numbei ol separate 
organism (agents) who have a c o l le c t i v e  perception of their unitv and who have the 
ability to act and / or arc acting in a unitary manner towards their env ironmcnt.

According to Balcsf 1950) a small group is defined as any number ol persons 
engaged in interaction with one another wilh in a single lacc-to-lacc meeting or series o 
such meetings in which cadi  member receives some impression o r  perception ol eaci 
other member distinct enough so that he can. cither al the time oi in later question! g, 
give some reaction to each of the others individual person, even 
recall the other was present

Me David and Ilarari ( IDf.8 ) defined ihnl socio-psychological | 
organised system o f  two or more individuals who are interrc a c mcmbers and
performs some function, has a standard set o f  role relations l i ps  nm cmbers 
Has a set o f  norms that regulate the function o! the group nnc caci



Verhagen (1987) defines a self-help group (o * •
framework for various individuals or households who h a v e ^ w ?  “  “  institwional 
continuing basis to pursue one or more objectives. ,0 C0'°Perate on a

According to KHDP (1995) self-help means a group of about on r
a e  cultivating fruits and vegetables and whose farms are in the neiZho h ’’T " . ,
scattered in the different wards o f  panchayats. They come together and fofoas n° '
voluntary basts with the purpose o f  improving their income level by c a ^ i n f  “T . k "  
cultivation o f  fruits and vegetables. y -Trying out the

SHGs are homogeneous gathering o f  usually not more than 25 persons who 
join on a voluntary basis meorder to undertake some common activity through mutual 
t r u s t  and mutual help (NABARD. 1996).

FORM ATION OF SHGs

Reasons for fo rm at ion . . .

At the micro level the establishment of  SHGs can be traced to the existence of 
one or more common problems around which the consciousness of the rural poor is built. 
SHGs emerge particularly among people with limited means. Through SHGs their limited 
resources could be pooled to achieve greater objectives for the member as well as the 
community at large. Srcedaya (2600) suggests that SHGs arc usually formed for one of 
the following reasons:

a) to struggle for survival
b) to fight against common enemy.
c) to defend a common interest
d) to gam access to resources or scrv ices not available lor the iiuiiv iduals
e) to pool resources of the members
f) to he the contact point l o r  formation and education programmes
g) to huild up countervailing power
h) to become a vehicle o f  change ol mind and attitude
i) to work as a protective device lor Ihc individual in the process of change

Stages of formation

From Ihc mid 1 % 0 ‘s it was believed that groups passed through « y ' “^  
sequence o f  live stages. I he five singes arc forming, storming, noraung. performing .
Mourning as proposed by Sherin (1999).

the . Thc first StagC’ fomiing' ,s charactcr^cd by a grcrt ^qcsUng^he waters" to 
group s purpose structure and leadership. Mem r. mnietc when members

^•ermine wha, lypes o f  behavior are acceptable. This stages »  complete when m
Ve began to think o f  themselves as a part o f  a group.



existence o f  the g r o ^ 'b u t  f e r e  i s ^ f c t a n e e  t o f e ^ T  COnflic?t' Members accePl the 
individuals. Further there is cunfi “ T ^ STf e  is
complete, there wdl be a relahvely clear hierarchy of leadershipwitWn f e  grcmp ®

The third stage is one in which close relationship develop and the croup 
demonstrates cohestveness. There is now a strong sense of  group identi tyAfe 
camaradene. Thts nomung stage is complete when the group stnrctnre solidifies I d  the
group has assimilated a common set of  expectations o f  what defines correct member 
behavior.

The fourth stage is performing. The structure at this point is fully functional 
an accepte . roup energ) has moved from getting to know and understand each other 
to performing the task at hand. For permanent work groups, performing is the last stage 
in their development. However for temporary committees, task forces, teams and similar 
groups that have a limited task to perform there is an adjourning stage. In this stane the 
group prepares for their disbandment.



Stages

Stage 5
Adjourning

Stage 1 Sta 2
F o rm in g  S t o r m in f

of group formation

Stage 4 Stage 3
"  Norming

Performing



. ? 6 °  ^ se s se  in terms of group dynamics like cohesion, vibrancy.
g0 ^  aC 10nL Pai^lclPatlon of  member s democratic decision and collective
lea ers ip. e appraiser as to see whether the group is functioning, actuallv as a eroup.
why the members have come together, whether it is for obtaining loan from ba^nk or
group sees other purposes, what is the group discipline and whether it is sustainable.

The basic principles on which he SHGs function are:

1. The members ot the group should be residents of the same area and must have an
 ̂ff* , t  , ol relationship could be in terms of casl/occupalion/gender or

economic status.

2. Savings first, credit later

3. SHGs should hold regular meetings

4 SHGs shouIJ maintain record of financial and other transactions

5. They should ha-. e norm . regarding membership, meetings .etc 

6 ( /roup leader . s h o u l d  he elected In members and rotated periodically

7. Fran.sparenc'. m operations ol the group and participatory decision-making

8. The group .hould decide rates of interest on loans

9 Group liability arid peer pressure to act as substitute lor traditional collateral.

SELF HELP P R O M T ! N G  I N S T I T U T I O N S  ( S H P I )

Miitu.il .-ml "i fanning or household work being a characteristic of rural 
community life, some SIIOs arc in existence spontaneously. hut most am pro,noted w„h
the active involvement of  some self-1 Iclp Promoting Institutions (S U’D. Some are 

ac,lvt m . rc„ i „ crc(] formal groups. Of late SIKis have come to he
informal while o ,  ,. suslajnahlc eomnuinily development. Many non-
recogni/.ed as a pivotal p ' - lhc (iovt arc trying ,o promote SIHi,,
government organizations (N( d Js) anu



SHGs are classified according to SHPIs.

j jVGOs p rom ot ing  SH G s

NGOs are trusts or societies who nromntP c u r  t-u
from its own resources or from a bank or Govt aeencv Th Cy may ,nilially finance

U0Vt aSency- They promote, train and finance

Eg. R A S T A - Rural Agency for Social and Technical Advancement.

2. Banks P rom oting  SH G s

Banks promote SI ICis when hank stall themselves act as SHPIs. They promote 
train and give credit to SHGs.Commercial banks, RRBs or Co-operatives can be SHPIs.

Eg .Kr i shn a  g r a m e e n  b a n k  -Karnataka.

3. Govt Agency P ro m o t in g  SHGs

All the state and Govt entities under various schemes whose beneficiaries are 
SHGs comprise this type.

Eg. SGSY-Suvarnajayanthi ( iram S u m /g a r  Yojna.

4. VVVS P ro m o t in g  SHGs

VVVs (Vikas Volunteer Vahinis) are farmers clubs usually assisted by 
NABARD. They promote SI \(is by giving trainig to larmcrs.

Eg. Eg:Badte Kadam Kisan f Inb

5. Self Employed Indiv iduals  Promoting SlIGs

. , siiiric | hcv work with or without any kind olIndividuals may promote, train SHGs. iiicn

fwnuneration.

Eg- Sister S te l la  F d a lh u  p ro m o t in g  S H G s  in tsunam i affected areas



Distribution of SHGs in INDIA 
According to SHPIs

242000

□ NGO 
■ BANK
□ V W
□ Govt agency
□ SEI

From this pie d ia g ra m  il is c lear  that G ov t agency  has got m ax im um  num ber o f  SH G s ic
2 ,42 ,000 fo llow ed  by  NGOs 1.20.000 VVV's SlIG.s arc very nominal (Hconomic

Review, 2 0 03 )



Credit is one o f  the most crucial inputs for any developmental activity. If 
SHGs are linked with banks access to institutional credit will be easy. In short for saving 
mobilization and credit needs it is important that SHGs get lined with banks. In 1992 
NABARD introduced SHG-bank linkage programme.

SH G -BANK  1NG is a programme that helps to promote financial transactions 
between the formal banking systems in India with the informal SHGs as clients. 
(NABARD, 1995)This helps to promote financial transactions between the formal 
banking system s in India with the informal SHGs as clients.

SHG -Bank linkage programme over the years

No of SHGs 
financed
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Th.* graph show .ha. number of SHGs linked 
r year (ha. is this programme is gaining popularity, n e y 
r«a Ari» linl^Arl t is i fh  h a n l fC  /^ fO nO TTliC  R.CVICW, 2003).



EMERGING MODELS OF SHG-BANKING

In  t h is  m o d e l ,  the  b a n k  i t s e l f  acts  as a S e l f  H e lp  G r o u p  P r o m o t in g  

In s t i t u t io n s  ( S H P I ) .  It  ta k e s  in i t ia t i v e s  in  f o r m in g  the g ro u p s ,  n u r tu re s  th e m  o v e r  

a p e r io d  o t  t im e  a n d  th e n  p r o v id e s  c r e d i t  to th e m  a lte r  s a t is f y in g  i t s e l f  a b o u t  th e ir
m a tu r i t\  to  a b s o r b  c r e d i t .*

SHG Bank Linkage Model-2
N G O s  as S H P i s

NG Os/Govt------► Prom otion,training __ * SHGs
and helping in linkage

Banks

In  (h is  m o d e l ,  g r o u p s  a rc  fo rm e d  h y  N G O s  ( in  m o s t  o f  (he  c a s e s )  o r  b y

• c run  t?rr,im s a rc  n u r tu re d  an d  t ra in e d  h y  th e se  a g e n c ie s .  I he  h a n k
g o v e r n m e n t  a g e n c ie s  f he g  n p s  n r  ^  ^  n ^

the n  p r o v i d e s  c r e d i t  d i r e c t l y  to  m e  rw i
a b s o rb  c r e d i ,  W h i l e  (b e  b a n k  p r o v id e s  lo a n s  In  Ih c  g r o u p s  d , r e e d y ,  the  I n c d d a b n g

a g e n c ie s  c o n  in , .e  . h e r  in t e r a c t io n s  w i t h  Ih c  S I  I d s .  M o s , l i n k a g e  c x p c n c n e c s  b e g in  w t th  
, . c o n t in u e  m e ^  m 0 (j c j |ia s  n |so  b e e n  p o p u la r  an d  m o re

m odel w ,lh  ^  P ^ " f f t h e  difficull functions o f  social dynam ics are externalized 
acceptab le  to hanks, as som e o f  the d iti ic im



SHG-BANK Linkage Model-3

NGOs Promote, train 
and provide credit

----- - r------------ supplies SHGs

Banks

Model -  I I I  B a n k  -  N G O -  S H G  -  M e m b e r s

D u e  to  v a r i o u s  re a s o n s ,  b a n k s  in  s o m e  a rea s  a re  n o t  in  a p o s i t io n  to  

even f in a n c e  S H G s  p r o m o t e d  a n d  n u r tu r e d  b y  o th e r  a g e n c ie s . In  s u c h  ca se s , the  

NGOs a c t  as  b o t h  f a c i l i t a t o r s  a n d  m ic r o - f in a n c e  in te rm e d ia r ie s .  F i r s t ,  t h e y  

promote th e  g r o u p s ,  n u r t u r e  a n d  t ra m  th e m  a n d  th e n  a p p ro a c h  b a n k s  f o r  b u lk  

loans for o n - l e n d m g  to  th e  S I  I G s

Model wise Bank loans disbursed (in million)

□  Model-1 
■  Model-2

□  ModcU

. •* • r\nnr that Modcl-2 accounts for the highest icRs
From this gTaph it is clear cqunllv prcferred flnd

W m illion  amount of loan disbursed than almost equ y P -



amount disbursed

□  Avg loan amt per SHG

1999 2000 2001 2002 2003

Distribution o f  SHGs among various Indian states

□ Karnataka
■ T.N
□ u.r
□ A.P
QAIi other »tatn

It is seen that SHG experiment got success in a f e w an(j Karnataka 
'If has 47.9% share in total SI Ids Other major slates ar 
d rest of the states has only 27% share (Das, 2003)



r
SHGs in Kerala

K erala has achieved significant milestones i 
increased em ploym ent ra te  th rough  SHG program m 0” °f  poverty P ^ ^ t a g e  and

successful story. The major CioTl S T O n s t r e d S H G s ? angT  have been scriPted a 
(Economic Review, 2003). a and their n 0  are fcnven t*10"

> Kudumbashree-151406
> S.G.S. Y-8555
> V F.P.C.K-3561 RH

Main NGO sponsored SHGs in Kerala

** R a s t a ! R u r a l  A g e n c y  f o r  S o c ia l  a n d  T e c h n ic a l  A d v a n c e m e n t ) - 1564 

^ KIDS!K o t l a p p u r a m  In t e g r a l  D e v e lo p m e n t  S a m i t h i ) - 150

SHG-BANK LINKAGE IN KERALA-2003

16000
14000
12000
10000

8000
6000
4000
2000

0

□  no o f  SH G s  

Bank loan in lakh

,  -

s  /

. hank<; flccounls for maximum number of SI IGs linked 1,40,000,

Ma



_  m T T T  WaS a success overall it has many drawbacks
also. The major drawback is that the beneficiaries are nearer to BPL line not absolute
poverty line people. The poorest are generally not the members o f the SHGs. Some of  
them are not even aware o l their existence.

T h e  se c o n d  m a jo r  constra in t is the uneven spreading o f  SH G s.SH G  
p r o g r a m m e  got su c c ess  in on l)  a few  pockets o f  our country especially Southern parts o f  
our country has  fo cu sed  d isp roportiona te ly  more attention on the financing for woman. It 
may be b e c a u se  th e \  are m ore  discip lined, credit worthy than their opposite counterparts. 
But until and  u n le ss  m o re  n u m b er  o f  men are brought in to SHGs, there would be gender 
imbalance. W e  m u st  re th ink  w hether  hom ogeneity  should be the basis o f  formation o f  
SHGs (D as. 2003) .

Ja y a la k s h m i  (2001)  identified, procedural difficulties faced in getting the 
society reg is te red ,  de lay  in getting funds on time from the funding agency, lack o f  time 
due to d o m e s t ic  w ork , lack o f  p roper m arketing system, lack o f  maintenance o f  proper 
records. dela> in ge tt ing  inputs, fear o f  future when external leadership is withdrawn, 
heterogeneitv  a m o n g  group  m em bers ,  less scope for unanimous decision and no proper 
leadership a.s the co n s tra in ts  experienced  by SH G s of rural women

S reed aw i (2000)  pointed  out that the major constraints felt by the SH G s of
Kerala H or t icu l tu re  D eve lop m en t  Program were associated with held centers and 
marketing, h e re  as the SI I d s  o f  Intensive Vegetable Development Program, laced 
constra in ts  in p lann ing ,  p roduc tion , m arketing  and organization.

Im pact o f  S I R ;  program m e in ru ra l house holds Economic  

Im pact ( N A B A K I ) ,  2005)

Increase in savings

c- r r r ' .Up n v r rm c  savings wasRs4hO per household • R efore  lo in inu  S H G  the average .
.  A f te r  jo in in g  SI I d .  .1 has im proved to R s l+ M  per household

LEVEL OF GRADUATION

The following results showed increase in level of graduatic i

• 60% m em bers cleared old debts^in 3> i ■ ^  ^  Rs26,889
• Average net income increase r ’?5 d cr household
• Employment increased from 318 days -



Reji (2002) stated that the social impacts of SHG 
eflected in terms improvement in women’s respect and status i f f  ° n| eneficiaries are 
lf solidarity, closeness and will to shoulder responsibilities among t l T „ ’ 3  Ereater sense

fc IIC group members.

The economic impact o f SHGs on beneficiaries are refW, a • 
ncreased saving habit, increased accessibility to credit, increased c l r i h ',™ 5 ° f 
lOUsehold income, acquisition of household assets, increased income and empToZem
^neration.

P u h a z h e n d h i  a n d  S a ty a sa i  (2 0 0 1 )  eva lua ted  the performance o f  SHGs with 
pecial re ference  to so c ia l  a n d  e c o n o m ic  em p o w erm en t .  The findings o f  the studies 
evealed that the  S H G , as  an  in s t i tu t io n  co u ld  positively  contribute to the social and 
conomic e m p o w e rm e n t  o f  the rural poor.

Fayas  (2 0 0 3 )  s tu d ie d  the e c o n o m ic  perfo rm ance  and constraints faced bv 
iHGs in T h i ru v a n a th a p u ra m  d is tr ic t .  I he results  show ed  that the farmers o f  SHGs had a 
letter econom ic  p e r fo rm a n c e .

Conclusion

S H G  sy s tem  n o t  o n l v  p ro v id e s  credit . hut also aimed for its rural 
leneficiaries capacity build ing. I h e  p h e n o m e n a l  grow th o f  SH G s in rural areas indicate 
hat weaker se c t io n s  o f  th e  s o c i e t y  arc a lso  capable  to sharpen their micro 
ntrcprcncurial skills w ith  th e  h e lp  o l  their  savings and additional bank credit, 
'romotion and s t re n g th e n in g  o l  s e l f - h e l p  grou ps  is a possible route to promote sell- 
mployment S e lf -h e lp  g ro u p s  p ro v id e ,  the hene ll ts  ol econom ies  ol scale, cost eficclive 
Iternative for d i l l c r c n l  f inancia l  se rv ices ,  co llective  learning, democratic and 
participatory cu ltu re ,  a firm  base  and  p la tfo rm  for d ia logue  and co-operation. Moreover, 
he benefits o f  S e lf -h e lp  g ro u p s  arc based  on coopera tion  rather than competition. This 
ollows the real p r in c ip le  o f  ' c o n l i i h u l c  a c c o rd in g  to vour ability and extract according to 
our need. The S H G  s tra teg y  in v o lv e s  fo rm in g  sm all cohesive  and participative groups ol 
he poor, e n c o u ra g in g  th em  f<> pool the thrill  regularly  and using the pooled thrift m ‘ 
mall interest b ea r in g  lo an s  to m e m b e rs  S u b seq u en t ly  hank credit also becomes a 

o the group, to a u g m e n t  its re so u rc e s  lor len d in g  to its m em bers .
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D I S C U S S I O N

I \Vhy modal- 2  is most preferred one?

It is because N G O s  train the members in this case 
responsibility is externalized. mosl of social

7  Any reg is tra tion  is p o ss ib le  for S H G s?

Yes, S H G s  can  be  reg is te red  und e r  N G O ac t

3. Why the N A B A R D 's  d e f in i t io n  is u sed?

It is the m o s t  e s ta b l ish e d  de f in it ion  and widely  used also.

4. Which is m ain  se c to r  in w h ic h  S H G s  m ain ly  w ork?

A g ro  p ro c e s s in g  is the  m a in  field in which most num ber o f  SHGs are found.

5. Do you think th is  SI ft i p ro g ra m m e  will be able  to eliminate poverty?

Yes. I ill now it has  sh o w n  a g rea te r  reduction in the poverty o f  participating
families.

6. Can you n am e  any SI l( i in I hrissiir?

S am rid h i .  these  SI ft is w ork  in ag ro  processing  sector.

7. The a rrow s in fo rm a t io n  s tage  d ia g ram , do they reveal anything.1

Yes, they are  used  to show  som e  particular objective. I heir convergence 

shows o r ien ta t ion  a m o n g  g ro u p s

8. Can anyone  go out o f  SI ft rs w h en  I he v feel like ’

Yes. but there  sh o u ld  not be any  liability on the m oving  out mcml ers.

9. The m ajor  S H G s  in K e ra la ?

I h c  S H G s  w o r k  u n d e r  K u d u m b a s h r c c .

10- A djourn ing  s tage  o f  fo rm a tio n ,  is it ap p l icab le  for every  SH G s.

No. th is  is a p p l ic a b le  for task force S H G s.



. „  n “  ?  ^  , h o m °8en eo us  gathering o f  usually not more than 25
persons w h o  j o i n  ,n  a vo lun ta ry  basis, in order to undertake some com m on activity
through m u tu a l  he lp  an d  m utual trust (N A B A R D . 1995). These groups prom ote savings
am ong  m e m b e rs  an d  use  the pooled  resources to meet the emergent needs o f  their 
m em bers , in c lu d ing  c o n su m p tio n  needs.

T h e re  are f i \ e  s tages o f  SH G  formation. They are forming, storming norming. 
perform ing  and  ad jo u rn in g  stages. SH G s can be classified on the basis o f  the SH Pls 
p rom oting  th em  N G O s ,  B anks, V V V s, Govt, agencies and Self  employed individuals are 
main SH PIs .  It is o b se rv ed  that Govt, agencies promoting SHGs out num ber other SHGs.

S H G -B a n k  linkage program m e helps to promote financial transactions 
betw een the form al b an k in g  system s in India with the informal SHGs as clients. In India 
there are 7 ,1 7 ,3 6 0  S H G s  linked with the banks through this programme, which provide 
better accessib ili ty  to c red it  for the SHGs.

A m o n g  Indian states A.P. has highest num ber o f  SHGs. In Kerala 
K u d u m b ash ree  have  a good num ber  o f  SH G  successful stories. This federated network 
has a m e m b e rsh ip  to 30 .OX.01 1 poor families. The thrift mobilized by N H G s am ounts  to

Rs.432.34  crores.

A n im pac t study conducted  by N A B A R D  revealed that the participating SHG 
househo lds  h a \ e  ach ieved  significant economic growth. A study show ed that 
partic ipating  w o m e n 's  respect and status in family have improved (Reji. 2002).

S| | f , , n o t  only provide credit, but also aimed for the rural beneficiaries ' 
capacity  hutld tnP. I be phenom enal growth o f S I I G s  indicates that rural people are also 
capable to sh a rp e n  .he ir  nucro-en .repreneuria l skills w „h  the help ol ' ^  savings and 
additional bank credit 1 bus. SI K is helps tn achieving prosperity am ong ttttal | cc pic.
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Agriculture continues to be thp •
important and single largest sector o f  the

state s economy accounting for the SmtP r™ .
s  or me Mate Government, the state will recognize and

develop agriculture as a  worthwhile occupation capable o f  ensurmg a decent living,

dignity and  social status to agriculture through judicious utilization of scarce

resources o f  land, water, manpower and technology with focus on increasing 

production and productivity in a planned manner.

G r o u p  t o r m a t io n  is a p re -re q u is ite  fo r  p a rt ic ip a to ry  a p p ro a ch  (M u k h e r je e . 

1997) F a r m e r  p a r t ic ip a t io n  co m e s w h e n  the farm ers have  an o rg a n iza t io n  to m anage 

their re s o u rc e  at s o m e  le ve l. P a rt ic ip a t io n  na tu ra lly  f lo w s  fro m  the farm er s 

o rg a n iz a t io n  w h e n  it is e f fe c t iv e  (M a lo n e y  and R a ju . 1994). E x te n s io n  m anagem ent 

by g r o u p  b r in g s  o u t  the best a m o n g  the in d i\ id u a ls  o f  d ie in stitu tion  b y  p ro m o t in g

d e m o c ra t ic  decision- m a k in g  and in te raction  in its d a y - to -d a y  m anagem ent Farm ers

u ro u p s  e n a b le  extension workers lo  w o rk  d ire c t ly  w ith  farm ers w ith  the o b je c t iv e  o l 

u n d e rs ta t in g  better lhe farmer’ s c ircum stances and in f lu e n c in g  the research and 

e x te n s io n  policies uid practices in o rd e r  lo  com e up w ith  m o re  e ffe c t ive  research and

ex t ens io n  p r o  g  r a m  m  e s

F o r  an-. .,i . i .u n . ih lc  development o f  a g r icu ltu ra l sector, fa rm er has lo  he ihc  

fo c u s  and  the v .  'e m  h rn ild  he l im it  a ro u n d  them . H e re  com e lhe  re levance  o f  S e ll

H e lp  G r o u p s  A  S e ll  h e lp  g r o u p  is a h o m o g e n o u s  ga thering  o f  u s u a lly  no t m o re  Ilian

i U'irtir in o rd e r  to undertake som e c o m m o n  acli\ itv
2a p e rs o n s  w h o  p u n  o n  a v o lu n ta ry  basis in o ru c r  iu

th ro u g h  m u tu a l t ru s t  and m ii lu a l help

T h e  c o n c e p t  o f  S H G s  w as m ih a .e d  b y  q u a s i.g o v e rn m e n ta l and g o ve rn m e n ta l

i r i  T h e  co re  con ce p t used b v  V e g e ta b le  and F ru itagencies in Kerala a few ye a rs  hack T h e  c o re  cm  p

, „  1 m r V F P C K )  for p ro m o t in g  the d e ve lo p m e n t o r  fa rm ers is
P ro m o t io n  C o u n c i l  K e ra la m  (

. ..n it o f  IS -2 0  cu lt ivn tm g  farm ers
the ‘ S e l f  H e in  G r o u p '  a v o lu n la r y  un it o



farmer share, i t 's  headquarters is in H era  3111 a company having majority o

Its branch offices are present in u r  ^  diStrict a place by ^  najn e -  KakkanadPresent m all foimeen districts

Parent organisation:

'  p organisation is Kerala Horticulure Development Programme (KHDP). It 

started its field activities in the year 1993, with the financial support o f  the European 

Union and the GOK. The total project outlay was Rs. 131.95 crores. KHDP (1995) in

their p rogram m e identified guidelines for the formation o f  self helf groups are three 
stages.

a  G roup  lmiiationTormation stage 

b Building up stabilization stage 

c Self-helping stage.

T h e  b ro a d  a im  o f  p ro g ra m m e  was

1 T o  g r .e  fa rm e rs  in K e ra la  a su p p le m e n ta ry  in co m e  by ra is ing  the p ro d u c t io n  o f

h ig h  v a lu e  h o r t ic u l t u r e  c ro p s

2 T o  era,u re  that fa rm ers incom es are im p ro v e d  by va lue  a d d it io n  th ro u g h

d e v e lo p m e n t  o l a m o d e rn  p ro ce ss in g  fa c to ry  and b\ strengthen ing  the link  w ith  e x is t in g  

m a rk e t in g  in s t itu t io n s  fo r  fresh fru its and vegetables.

3 P r o v id e  a re p l ic a b le  m e th o d o lo g y  lo make fru its  and vegetab le  c ro p s  an 

im p o r ta n t  s e c to r  m K e r a la ’s a g r ic u ltu re  p ro d u c t io n  pattern.

II w a s  a s r x -v c a r  p ro | c c l Dial w o u ld  c u h n m a lc  in the fo rm a tio n  .d  an o rg a n isa t io n  called 

K e r a la  H o r t i c u l t u r e  D e v e l o p ™ , !  c o u n c il  T h e n  renam ed as V e g c .a h le  and l h . i l

prom otion council keralam

After n serres o f  studies seven dislric.s of Kerala were idenhficd for .he launch o f .h e  

pilot project They were Emakulam. KoHayam. Trivandnrnr. Trichur. Palghal.

M alappuram  and Calrcu, Ac   were fir,, launched in villages ofTrivandrum

ornduallv over the years the programme has spread to the

“  - 1 ,  j , . , « ,  . a ,  I *  W  - r  ™

- — . r i r r i - * *by farmers joining v o lu n ta n .



have com m on  concerns, common problem, nna
.. „ , ’ c°mm on objectives and also they are

willing to collaborate as m em ber.
members o f  the group. Nanda(2002) reported that the

advantages for groups lie in their acce..  m
larger quantum o f  resources as compared to 

thetr corpus generated through different schemes o f  banking sector and a general

improvement m the nature and scale of operations that would accelerate economic 
development and liability.

M ission. T o  develop and sustain cohesive self help groups o f  farmers who use 

participatory approaches and innovative environment friendly practices to produce and 

market vegetables and fruits, leading to prosperity and gaining social empowerment.

O bjec tives:

1 T h e  p r im a rv  o b je c t iv e  o f  V F P C K  is to im p ro v e  the l iv e l ih o o d  se cu r ity  and 

th e re b y  e n h a n ce  and su sta in  the in co m e  o f  fru its and vegetab le  farm ers o f  K e r a la

2 T o  in c re a se  and p ro m o te  the com m e rc ia l p ro d u c t io n  o f  vegetab les and lru its  

and th e ir  c o n  u m p i i 'm

3 T h e  o p t im a l and susta inab le  u t il iza t io n  o f  te ch n o lo g y , hum a n and natural 

re s o u rc e s

4 T o  i m p o )' e the l iv e l ih o o d  se cu rity  o f  dependent farm ers

5 F .a .u rm i -  a heller share and income from production through cost effective and 

producer oriented marketing

IN STITU TIO N
In each d .t lnc t  the core concept used hy VFPCK tor promo,mg .he development o f  

farmers ,s lhe forma.mn o f  Self help group which is voluntary group of 15-20 

cultivating farmers The SI 10 arc expected lo have common objectives, tasks, and group 

identities II is a system where all members work together cohesively to address 

problems and u t i l i *  opportunities through part ic ipa to r  action, accessing muumal

external support for Ihc overall development of members.
Hine to a set of rules and regulations. For instance, they should 

Fnrh SHG is run according to a s
' ' nlh l0 discuss member's problems; minutes of the meeting

meet at least once every month to discuss 

should be recorded



VFPCK farmers fepl k ;
being part 0 f  an S H r  j

benefits. These include opportunities f0 • provides with multiple

bargaining power, quality input procure 7 ■ S° Clal mteraction> increased

— *  -  - — , —

different c a s t e ^  ^  ^  memb0rS ® various ideologies, or belong toduierent costs o r  roliPion ptr it u«j  •. .
neghg,ble influence on the way of the group

f u n c t io n in g  S u r e n d r d a n  (2 0 0 0 )  rennrtPH r
armers tn NGO groups had shown hiah

levels o f  cosmopoliteness behaviour as compared to others 

To becom e a m em ber o f  an SHG there r*e eligibility requirements

1 L ik e  f o r  in s ta n ce , the fa rm er sh o u ld  be perm anent resident o f  the area

2 T h e  fa rm e r  s h o u ld  o w n  a m in im u m  25 cents o f  land fo r  3 seasons /50 cents o f

land  f o r  2 se a so n s  / 75 cent o f  land fo r  I season.

3 T h e  o w n e r s h ip  o l  land is not su ffic ien t. T h e  farm ers sh o u ld  cu lt iva te  m in im u m

a cera ge  o f  c r o p s  I f  he is a banana farm er sh ou ld  cu lt iva te  at least 300 banana plants in a

ve a r

4 T h e  p r im a ry  in c o m e  o f  the farm er shou ld  from  agricu ltu re .

5 T h e  la rm e r  M ould  be a b o v e  IS  vears o f  age

0 T h e  I i n n e r  d m u ld  be w i l l in g  to associate as perm anent m em bersh ip  o f  a g ro u p .

O R G A N I S M  I O N A L  S T R U C T U R E

T h e  h o a rd  o l d i re c to rs  co n s is ts  o f  I I m em bers.

1 C h a i r p e r s o n  - 1 (A g r ic u l t u r e  M in is te r )

2 A g r ic u l t u r a l  P ro d u c t io n  C o m m is s io n e r -1

3 S e c re ta rv  to g o ve rn m e n t-1

4 C h i e f  E x e c u t iv e  o f f i c e r - 1

5 F a rm e r  re p re se n ta t ive s  4 persons

r, N o m in e e  o f  P a rt ic ip a t in g  Banks - 1

7 N o m in e e  o f  N a t io n a l A g e n c y  on H o r t ic u l t u r e -1

8 N om in ee  o f  European Union-1



d e v e lo p in g  m  d ie  f u n c l io n in g  0 f d , e  S e l f h e lp  g r 0ups P " ' e n U  ' ' S'ed f r ° m

f ie l d  c e n t r e

A  g r o u p  o f  1 0 -1 2  S H G s  fo rm  a f ie ld  cem re. U n d e r  V F P C K  strategy fie ld  centres are,<he 

cen tra l p o rn ts  f o r  the  1 0 -1 2  S H G s  to m arket Ih e ir  p ro d u c e  together. A c c o r d in g  ,o  o t ja

et a l.. ( 2 0 0 1 )  the l in k a g e  b e tw e e n  bank-<; nnH c o i r u aianks and s e lf  help g ro u p s  w o rk s  out to the advantage

o f  b o th  the b a n k  and the b o r r o w e r .

In each  F C  thc.re is \ F P C K  e xte ns ion  s ta ff  called A ss istant M a n a g e r. T h is  m anager 

p la ys  a fa c i l i ta t in g  ro le  in o rg a n is in g  S H G  meetings and fa rm er tra in ing  in  his area o f  

o p e ra t io n  H e  a lso  w o rk s  w ith  the loca l farm ers lo  im p lem ent d iffe re n t p o l ic y  

in te rv e n t io n s  o f  \ F P C  K  at the S H G  level and to ensure that fie ld  centre run  a c c o rd in g  

to p re s c r ib e d  n o rm

.All S H G  la rm e rs  d o  not a u to m a tic a lly  b ecom e m em bers o f  d ie F C .  T h o s e  w h o  w is h  to 

be m e m b e rs  are  re q u ire d  lo  c o n tr ib u te  a sum  Rs 500. T h is  m oney is used as the capital 

fo r  ru n n in g  th e ir  I C

F o r  the f irs t  v ear <<l I f  o p e ra t io n  V F P C K  p ro v id e s  basic fu rn itu re , a w e ig h in g  balance, 

a c c o u n ts  reLU-.ter rent le r  the prem ises, sa lary fo r the secretary and audit fees to a 

C h a r te d  A c c o u n t  in I w h o  che ck  the accounts  o f  F C  on  a m onthly basis.

F ie ld  c e n t r e . w h ic h  ate a id e  lei meet the p e rfo rm a n ce  c r ite ria  set In  V F P C K  rue lu r lh e i 

assisted  lo  a c q u ire  land  lo  erect a perm anent b u i ld in g  fo r  ru n n in g  the ta n n e r s market 

A b o u t  V 7 %  . . r  the sales va lu e  ,s retained b y  the F C 's  as a c o m m is s io n  and tins is used 

,o  p a y  fo r  all the o v e rh e a d  expenses A .  the end o f  the year the s u rp lu s  c o m m is s io n  a lte r

m e e tin g  all o v e r h e a d s  a rc  re tu rn e d  to m em bers o f  the FC ' as a bonus.

■nriiv irlm l S l I G s  are m em bers  o f  the F C  c o m m iltc e - 
A l l  m a ste r  fa rm e rs -m a rk e t .n g  m in d iv id u a l

,1 r r  F n c l i  com m itte e  elects a C o n v e n e r  w h o  liaises w ith  the 
the b o d y  that ru n s  d ie  F C  E«

, V F P C K  T h e  m aster farm er (m a rk e t in g )  o l each S H G  is 
m a rk e ts , t ra d e rs  and V I I  t  i v

.• _ r f 1 nn*i i Iip  S H G  m em bers.



Ail the FCs in a particular district fx™,
a a M ™ W r t v  3 Pr0JeCt 3161 A VFPCK Staff called ProjectArea Manager. This person coord inate  tha >■ • •

k o n  aii a ac iMhes o f  all Assistant Managers heads
each project a re a  All Assistant

, r  gers are for a fortnightly meeting where
thetr w ork  for prev.ous ,5  days is reviewed and their aciviUes for Ute next 15 d a ,  ,s

planned. In each project area (i.e. each district) there is a training centre where the

training ac fv tt .e s  o f  the district are coordinated. These include the master farmer 

trainings as well as apart o f  the project staff

A resourcw group comprising of  four assistant managers in charge of production &

technology, training, credit and marketing respectively also assists each project area 

manager

All the district level project area managers report to the team of Specialists/consultanis 

at the V F P f  K headquarters in Ernakulam There is also a monthly project review

meeting

ACTIVITIES

T ra in in g :

V F P C K s  training programmes are all need based Except lor introductory trainings . it

,s lhe SI If, m embers who decide what Ihcy need lo leant or understand Only then

VFPCK starr organise a field-oncntcd farmer training to provide them the required 

information All V FPf K 's  l.ammg prograntmes arc sill onen.ed Itke new wavs to 

control a dtsease or a new cu lfvafon  pracfcc and not academic bookish knowledge 

There „  acttve p a r fc tp a fo n  of farmers ,n the trauung session Ttannng ,s by dontg.

seeing and vvtth the use o f  audtovtsunl Iraining aids. Most importantly VFPCK trains

, I,Tin the  o ther  farmers. S recd ny a(2 ( l0 0 )  rep o r ted  that
m a s te r  f a r m e r s  w h o  in tu rn  * . , ,

. nnsit ivelv  and se n t  ft cattily co rre la ted  with  need
e x p e r i e n c e  in v e g e ta b le  c u l f v a f o n  w as  positively  an a  g j

r  • VFPCK self help groups. Meera (2001) reported that trauung
satisfaction am ong V F r f  is. ■ . . .  ---------- -

"  ' m v  par t icu la r  w o rk ,  lead ing  to e m p lo y m e n t  and
skill  o f  m e m b e r s  to d o  any p m .



Moreover, the experiences o f being a vfpcv  , r
FPCK. master farmer improve the self-

confidence o f ordinary- farmers. This is rQn„ . j • ,
fleeted m the wav they tackle day--to-dav

situations in their personal, social and economic life.

All the farmer-training programmers are held in the village amongst SHG members. 

Farmers need not go to the town to learn something new. There are at least 2-3 farmer 

trainings in each SHG every year. After even,- training session the SHG members to 

implement what they h a \e  leamt draw up an action plan. Verv oflen senior VFPCK 

staff picks up a copy o f  these action plans and visit the sites to see if the farmers have 

actually implemented what they have leamt This way the effectiveness of training is 

constantlv monitored

E x tens ion :

G o i n g  t■ i the fa rm e rs , m eeting  them at the ir fields -  O f f ic e  less extension  

H e lp in g  the fa rm e rs  to appra ise  their p ro b le m s and so lv e  them 

Fie w it h  the fa rm e rs  and a lw a ys  accessib le  to them 

T e c h rw 'h  n o  at fa rm e rs ' d o o r  step 

Fieiri':' o n e  a m o n g  them

In (he p r e - V W  K days farmers would have to visa the local agriculture department 

office to gel ativ help or advice Public extension systems were focused on delivering 

prod,,cl.,-  like se e ds , fc rtd rse rs . elc . to farmers rather than fach.atrng the flow of

knowledge and agriculture information

r i, The onlv tiling it is todav giving free to farmers rs high 
In VFPCK there is no subsidy The only mmg .

i r , on n production technology, marketing etc The extension sysletrr rs

r . : : : :  —  —  -  — *  - ...........

com m odities to farmers.



They literally do not have an office to si. d° ° rSteP ‘° '‘aen ’° ‘he'r Problems'

no. just regular visits hut also ffie p a l t  * "  e i ,“ Si°"” " *
A ,  .his < W 1 breaking work the VFPCK staff does that has

made this dev elopment project so successful v „  • ,
. . r  , oung agricultural graduates work are

meant solely for the purpose o f  resource support.

Pest and disease surveillance

Pest and dtsease surveillance and forecasting system is a service to the farmers, which is 

aimed at providing information to enable farmers o f  a particular area to take respective 

precaution with m axim um  economical benefit and lowest environmental hazard. 

Surveillance units are conveniently fixed so that there are sufficient number of units to 

represent the major vegetable and banana growing areas. There will be two plots for 

each fixed plot surveillance units in respect o f  each crop selected at random. Each plot 

will be subjected to observation twice in a week. The fixed plot survey is conducted and 

the information is recorded in the sampling formal. The data received will be analysed 

and the results w i l l  he communicated to the farmers

F a n n e r  F ie ld  Si It on Is (FFS)

F a r m e r  Field N< honls are conducted for the purpose of helping farmers to discov er and 

learn about f ie ld  e c o lo g y .  agronomy and integrated pest management The training is 

carried out in  the field, u lu d i  can be called the "class room without walls” and which is 

close in where lhe p a rt ic ip a n ts  h a te  their production field or even in ihcir fields

D e m o n s tra t io n  s

VFPCK tlemotr.lr.ile proven tcchnologtes lo farmers lo com m cc then. Ihc feasduhlv 

and efficacv o f  new ptac.tccs Demons,rahon is « vcty cffcct.vc extension me,hod to

disseminate new technology Sctenl.ncally proven prac.iccs like box method o f  verm,

. n n r  nririmc pesticides like ncein oil emulsion, nccm oil-castor 
composting, preparation of organ P

,  . II n f  nfilicides high yielding varieties, improved production 
oil emulsion, safe handling of  pesticides, m y

. nm demonstrated to farmers. Neighbouring farmers also 
technology practices etc are

Iicd Harvest festivals are conducted with the
present when critical inputs PP

■ c e  farmers where ... die demonstrating farmer will explain
participation o o f  neighbouring farmers

his experiences especially about economic benefits



V FPC K  organise cam paigns to create
mass awareness and involve collective action.

banana etc.

Group Marketing:

T h e  c o n c e p t  o f  g r o u p  m a rk e tin g , in s im p le  term s, is m arketing  m anaged b y  farm ers 

g ro u p s  A s  the n a m e  im p lie s ,  the m a jo r  focus is to e m p o w e r  and facilitate the farm ers to 

take m o re  e f f e c t iv e  d e c is io n s  w ith  regard  to the m arketing  o f  the ir p ro d u ce . T h is  M a rk e t 

fo rm e d  are  k n o u n  as "Swasraya Karshaka Samithi".The con ce p t o f  g ro u p  m arketing 

th e re b y  p r o v id e s  the m e m b e r farm ers better access to markets and there fo re  a greater 

share in the c o n s u m e r 's  ru p e e  B o n y  (1 9 9 1 ) in bis s tu dy  re po rte d  that h igh  cost o f  plant 

p ro te c t io n  c h e m ic a ls ,  in a d e q u a te  m arketing , storage and post harvest facilities w e re  the 

p ro b le m s  o f  c u n m e rc ia l  ve ge ta b le  c u lt iva t io n

F A Q  ( 1 9 9 9 )  re f"  .r te d  that the v ia b i l i ty  o f  Sm all farm er g ro u p  associa tion  ( S F G A )  seems 

to d e p e n d  m o  t o n  its success  in im p ro v in g  the e co n o m ic  c o n d it io n s  o f  in d iv id u a l

W e l l  t ra in e d  c o m m itte e

T r a n s p a r e n t  a c c o u n t in g  system  &  

B e t te r  b a rg a in in g  p o w e r

* svstcm  &  regu la r a u d it in g

Reduced size o f  markeling chain.

Quality produce



The objective of Market Information Centre is „

t im e ly  m a rk e t  t n f o r m a . io n  to the farm ers and to th t, 3 ppr°p n 3 te - accura ,e  “ d

D a i ly  w h o le s a le  f t  re ta il  p rtees a n T  ^  SeC'° r "  3 W h°le '

h n le s a le  m a rk  , - ,  ^  ^ 36 3wholesale markets in Kerala nnH  ̂ * r
. . .  . 0 state wholesale markets 6 urban retail markets

are available in M arket Information Centre.

C R E D IT  P A C K A G E

The eligibility requirements for this credit package include:

1 S H G s  m u st  atta in  a m in im u m  age

l b  m e m b e r  la rm e rs  m ust be perm anent residents o f  the p ilo t  p ro ject area

3 M u s t  o w n  at least 200 sqm  o f  land

4 M u s t  c u lt iv a te  m in im u m  acreage o f  crops

5 M u s t  f o l lo w  re c o m m e n d e d  technical package

9 M u s t  be  an a c t iv e  m e m b e r o f S H G

7 M u s t  h a v e  n o  o v e r d u e  and there m ust he no revenue  recovery- in itiated against

them  w it h in  t h .  la. t t years

A c c o r d in g  to G m |  i el al ( 2 o n l ) the linkage betw een banks and s e lf  help g ro u p s  w o rk s  

out to th ; a d v .U l la g e  o f  b a th  the bank and the b o rro w e r ,  A  s tu d y  sing an e x -p o s t  facto 

re se a rch  de  .i iu i to in ve s tig a te  on  the p e rce p tio n  o f  o ff ic ia ls  about sell help g ro u p s  

in v o lv e d  in v e g e ta b le  c u lt iv a t io n  in T h iru v a n a n ll ia p u ra m  d is tr ic t . K e ra la .T h e  sludv 

c o n c lu d e s  ih.rt rn.i|<.rilv "I the o ff ic ia ls  had a s tro n g  p o s it iv e  fee ling  to w a rd s  the con cept

o f  s e l f  h e lp  g r o u p s

, ,  , , i , i , ,c ihn s e lf - l ic ln  g ro u p s  that dete rm ine  the c re d it  w orth ine ss
U n d e r  th is  c re d it  p a ck a g e . M is me scu n u g  i

ic cvf ihf members eligible Tor finance through a participatory and credit requirements ol Hie men
, n inr nnrl Invnsheela (2000) reported that in the case oT credit planning approach Birdar and Jaynsneeta t t

r wore fin not get adequate loans for the intended purposes 
agricultural credit many fanner. b

nnrl use o f  the credit and other personal reminders through 
Proper supervision over the end r i

i rr„rlive dev ices for checking mounting o f  over dues
frequent Held v.sits can he effecttve for ^  The bnnks chnrge

Eligibility farmers as a group s ^  ^  ^  ^  ^  ^

r   m eres t  rates applicable



normal bank mlerest on its deposit. Nagavya(200m
informal arrangement for credit su 1 stated that micro credit supply is an

as a  promising tool for promotino J  ^  P° ° r thr° Ugh SHG which is fast emerging
o come generating enterprise.

S in c e  th e  f a r m e r s  a re  all m e m b e r s  o f  SH O c tr,
. , • • ^>HGs there is pressure for the borrowers to repay

the loans in time since default n fa ,rQ  ̂ p -
, l h]|| , ° ne arm er  l n g e g ro u p  affects  the future credit

a v a i la b i l i ty  to the e n u r e  g ro u p .  Puhazhendi and S a t ^ a i  (2 0 0 0 ,  defined nucro  finance

as e enure range ol financral sendee rendered to the poor and includes skill up

gradauon and entrepreneurial developmenl that would enable then, to overcome 
poverty.

P a r t i c ip a t in g  b a n k s

• S ta te  B a n k  o f  India

• S ta te  B a n k  o f  T ra v a n c o rc

• U nion  B a n k  o f l n d i a

• C a n a r a  B ank

S o u th  M a l a b a r  G rnm in  Bank

• D h a n a la k h in i  B ank

• In d ia n  ( ) \c r s e a s  Bank

• V ijaya  B ank

iN o i I I I  M a l a b a r  ( i r a m i n  B a n k

• B a n k  o f  B a rod  a

• In d ia n  B an k

IN S U R A N C E

VFPC K m association vvtth New India Assurance Co. Limbed and lire participating 

banks has in troduced an mnovn.ive rnsurance cover for banana farmers. The novelty o f  

(his insurance ,s that il covers the loss suffered by banana farmers due ,o pseudo s.em

borer and kokkan disease apart from nalurai calamilies. In the even, o f  a crop loss the

, -n vnIue) 1S normally done by VFPCK itself, which in turn 
assessment (up to a certain van 1 ,

i i:n Assurance for settlement through banks. The premium is 
sends the report to New India A.

Rs 2 40  plus service tax o f  12 paisa per plant



Efforts like campaigns aaainst kok-L-̂  j

technical staff etc., are being taken by V F P d T T l i ^ ^
ake this policy a more sustainableone.

f a r m e r  o w n e d  a g r o  p r o c e ssin g  fa c t o r ie s

Fruit processing factory”

N adukkara Agro Processing Co.(NAPC) Lid. is a modem f a c o o  for commercial 

processing o f  pineapple, mango and other fruits. It was

set up to play an important part in VFPCK's strategy lo ensure that farmers eventually 

own a processing factory by becoming shareholder. The factors’ was also supposed to 

provide supplem entary income to farmers.

NAPC is located in the heart of Kerala's pineapple growing area Nadukkaara in Avoly 

panchavat near \1uvatli ipu /ha  (45 minutes drive from Ernakulam) It is established as a 

public limited company where eventually farmers will become 70% shareholders and 

government "I Kerala 40% shareholders

The factor, w a  set up at a cost of Rs 30crores. Much or this money was spent to 

acquire a world-class fully automated multifruit processing machinery from Italy

The factcir. has three product lines 

c o n c e n t ra te  line 

read y  to servo 

C a n d ie d  fru i t
.m .n  N A P C  has lied up  w ith  N a t io n a l D a iry  D e ve lo p m e n t 

F o r  marketing Ihc f ru it  c o n c c n lrn le  N A I I  lias I
I „ nlrrndv exported a few containers lo EuropeanBoard (N DDD) Through lhe.n they hare already export

, mnrl rnmnanies like Dabur have also bought fruit 
Union countries Pr.vate sector food companies

r N A PE  II has also recently launched a ready lo serve 250ml pineapple
concentrate Irom NAM u n«»

juice called - J I V E '  in the domestic market



T  S v

Difficulty' -

Kew variety of pineapple that is ideal for „

Kerala. TTse factory is now suing the I PUrP°Se “  n°' gr0'™ ”
concenhates, winch are no, very popular in̂  " ' ’“h '6 for

, P°Pul“  ■" the export markets. The size o f  the factory
itself is less than optimal capacity so ner  „ni.

costs are higher than competition. With a 
mew to com pete  m the world market arran^ng the supply of raw matcnals from farmers

,s another problem. Farmers are more inclined to sell their fruits in the open market

whenever they get higher price. The factory cannot afford to purchase the fruits for 

processing at such high prices.

Seed processing factory:

\  FPCK has also set up a seed-processing factory at Alathur about 20 km near Palghat 

with the aim to produce quality vegetable seed to farmers in time, insufficient quantity 

and at reasonable prices in a commercially sustainable manner"

VFPCK trained 1 armers multiply parent seeds from Kerala Agriculture University 

(KAU) The seed-processing factory then buys the seeds from them, processes it and 

sells it to farmer . r i l l  over the state The processing factory was set up at a cost ol Rs 1 

crore (machinery lim n the Italian firm Ballanm Socoma at a cost o f  Rs. 65 lacs) 

European I n o n  funded the machinery Government of Kerala provided 2 acres of land 

The uni! can process THi-SOO K g  of  vegetable seeds per hour

Alt hough the inlcrv.ion o f  the factory is to supply vegetable seeds to VFPCK farmers

more lhan 70%  o f  Us sales ,s presently to nun-VFPCK fanners (mainly through

, Phur Programme) Many VFPCK farmers still use home 
government orders via r coplc s i b

, , , f in d  „  e x p e n s iv e  In Iruv lire hyhrtd seeds lire factory is presently using
saved seeds and find it cxpcnsivi.

T. Ivnrt ward linkages or the sce-proccssmg factory have 
nly 10% o f  its capacity The back ward nnkag

r “Hiiv back arrangement' farmers acreage under seed 
been noteworthy Because o f  buy back b

notew  un nlvcd  in seed product,on owns over
production has increased. m e  at eras

s

0



Crop

Amaranthus

Ash Gourd

Bhindi

Bitter Gourd 

Brinjal

Chilli

Cucum ber 

Cow pea 

C ow pea 

Cow pea 

Pumkin 

Snake Gourd 

Snake Gourd 

Bottle G ourd

.•Variety name
• •

jArun
Price per  Kg*

Rs.425/-

i^cHUlLocal)
! f _ i R s.490/-

jArkaanapH^i.' ' ' '
__— .................• r* v #■’ • .................. •

Rs.250/-

iPreelhi•
• Rs.750/-

Tlaritha
------------------

Rs.490/-

jUjjala Rs.800/-

Kanivellari r̂ S. 550/-

Kanakamani R s.80/-

VS 13 Rs.240/-

V ij ay an tin Rs.240/-

Ambili Rs 490/-

Kaumudi Rs.600/-

B a b y Rs.600/-

Arkabaliar Rs 500/-

\ R T I (  I P A 'I O R V  I KC IIN O I.O G Y  U K V K LO PM bN I

F P fK  counts P I  I) as one o f  .Is hey and novel conlrihulions lo Kerala agriculture. One 

' (he attractions o f  PTD is that it involves fanners in the development of new 

chnology W hen some problem arises, instead o f  ruslnng to the un.vcrsity to line (he 

lotions in PTD farmers s„ down and dtscuss the problem Then aided by the VFPCK 

tens,on worker thev se a rch  for vartous optnms available to them A few opt.ons are

lecled and e x p e n m e n te d  in an individual farmer s field

ihp exnerimcnts nnd the SHG evaluates niul 
re farmer evaluates the success o f  the expert,n

. n Qinre in PTD it is the farmers who are finding 
c o m m e n d s  the most effective option Stnce



the solutions there is a big motivation for . j

in their fields ° tec^mca  ̂ recommendations

PTD also addresses agriculture nroblpmc ,
. . . .  er because farmers are also involved in

developing the solutions. It is cost efTectivp .nri i
less dependent on agriculture research

institutions. In a typical institutional Held research all the cosis are paid by lhe project 

except the fanners labour, in PTD the farmers themselves normally cover all costs.

Most o f  the expenm en ts  focus on pest and disease management and production of low- 

cost agricultural inputs. Some o f  the best PTD experiments are taking place in 

M alappuram  district These include developing new crop varieties, organic manure 

trials, harm one  application in cow pea/gourds, high density planting in banana, control 

o f  PSB in banana, tissue culture banana, IPDM in vegetable, sigatoka management and 

low cost pandal in bitter gourd.

P U B L IC A T IO N S

K r is h iy a n k a n a m

It is a bi -  month!', publication in malayalam Farmers are the major subscribers. Each 

issue covers a pec i l k  topic connected lo commercial cultivation of fruit and

vegetables

H a n d o u ts

H a n d o u t , ar • p u k i  bed on both technical and noil-technical topics

1 Self help “ roups o f  VFPC k

2 G roup  Marketing

4 f refill Package

4 P lan t P ro te c t io n  C h e m ic a ls

5 Fertiliser M a n a g e m e n t

6 N em atode  Control in Banana

7 P o s t  H a r v e s t  H a n d l in g  o f  I'T,1,1s and Vegetab les

X Post Harvest Handling of Banana

9 Post I harvest Handling of Bitter Gourd
10 Integrated Pest and Disease M a n a g e ,non.

, ,  C u l t i v a t i o n  P ra c t ic e s  of  C o w p e a fY n rd  long bean)

12 Cultivation Practices o f  Bhindi(Okrn)

I i  Cultivation Practices o f  BrinjaKtgg Plan

14 Cultivation P ra c t ic e s  of Coccin'



1 6 . Cultivation N otices of B i t t e r g o ^ r ^ r l  ^
17. Cultivation Practices of Amaramhus

18. Cultivation Practices of Chilli

19. Cultivation Practices nfRnnices of Bottlegourd and Ridgegourd
2 0 . Cultivation Practices o f  Mango
21. Soil Testing

Books P u b l ish e d :

Banana cultivation 

Quality seed production

T echn ica l  bu lle t in s

1 Integrated Pect &; Disease Management in Fruits and Vegetables (Malavalam)

2 Principle I (Quality Seed Production (English)

N a tion a l  S e m in a rs

1 Proceeding . ol National Seminar on "Farmer Friendly Technology Transfer

2 Proceeding , ol National Seminar on "Participatory Technology Transfer"

4 P ro ceed in g . o f  National Seminar on "Participatory Approaches for Horticulture

Development

4 A b s t r a c t  S o u v e n i r  o l  N a t io n a l S e m in a r on T e c h n o lo g y  T ra n s fe r

5 A b s t r a c t  S o u v e n i r  o l  N a tio n a l Sem inar on P T D .

r, A b s t r a c t  S o u v e n i r  o f  N a t io n a l S e m in a r on P a rt ic ip a to ry  A p p ro a c h e s  fo r

H o r t i c u l t u r e  D e v e lo p m e n t

E llR E P G A P  C ertification  Programme:

r ^ r t i f in l io n  of agricultural products. It is a system or 
EU R EPG A P is a means o f  certificate b

„iven on the good agricultural practices lo be
nroew s ccrtificfltion. E m p n ^ ^  8process cert |hc oduce. EUREPGAP certification
followed that contribute to the qun y



within the framework o f commercial and • CT°P manasement Practices

term m o v e m e n t  anti ^  ^
. , f f r o c h  r  a  certification is applicable for all

kinds o f  fresh fruits and veeetahlpc rnr a : i
egetables for direct human consumptioa

Foodcert is the accredited insDectinn nnH ^  r  ■
,  t  P ° n m i  ce«>ncation body and has its base in India at

Hyderabad. \  F P C k  has been identifipH nc
as the agency to promote the concept and

undertake the inspection  activities 

T h e main o b je c tiv e s  are

. Establish good agncultural practices in the production system o f  fruits and

vegetables

• Prom otion  o f  the concept ol Eurepgap certification

Marketing o f  Eurepgap certified products of SHG farmers

Any farmer in the state o f  Kerala, who wishes to gel certified under Eurepgap can pul in 

their applications through VFPCK The identified inspectors of the Council will 

undertake the in pe  ̂ non work o f  the farm of the applicants and if all the criteria in the 

check list provided 1 having compliance, lie will be recommended for certification and

certificate to be i ued by Foodcert 

V F P C K  concep t  o f  re ta il ing :

The hdv.nv.m  m u d  chain has been started to oiler consumers a wide variety and range 

of natural food . ,  specifically finds and vegetables The brand name "Udyanam" has 

been chosen as .1 '.vnibnhses die pleasant experience of visiting a garden and

encouraging the person In conic hack again

T h e  l ln iq n e  Sell ing  P roposit ions  (IISP) " f  lldynnnin

. T ran sp aren cy  in price, prices n „ l he displayed a. die shop lo improve

credibility among cons,imers ^  ^  ^  ^  ^  ^

'  T r a " ’ ParCnCy , ^ b e  "lean nea, and well lighled.

! 7 2  " 2 7 2 7 2  vegelables as .be Kerala grown vege.aMes read, ,be

shop straight from the farms



Export Promotion Cell:

V FPCK  has started a new winp with ™ e-
. . r  objective o f  promoting exports o f  fruits and

vegetables from  the state. The cell provides the • • •
the necessary insUtutional framework and

assistance to the Tanners for marketing their produce outside the country by direct

exporting or acting as a nodal agency. The Cell operates at the Headquarters o f  VFPCK.

A state level Qpex bod \  o f  the former vinnnipQ nr v/ttdc'i/’ *11 j* ivipanies ol VFPCK will coordinate the exporting

activities. The Cell provides the necessary' liaison for bringing together foreign

importers with Farmer \ ipan ie s  and farmers. The services also include assisting the

setting up o f  export groups and export oriented activities, establishing liaison with 

agencies which has been set up to establish the standards of quality and packing, 

exporter s directory to strengthen clientele database lor farmer vipanies and the apex 

body. Suggesting more effective marketing channels and distribution systems and use 

them for selling their produces. Arrange necessary insurance support for the export, etc

P ro d u c t  covei age: 1 he products include fresh and value added fruits and vegetables 

M a jo r  blivers: I i t 1 ma|or huvcrs are Middle East Countries. Steps have been taken to 

export to 1:uri pe I■ >r which export oriented production of fruits and vegetables have

started  u n d e r  I -.u rn  gap C u n if ic a t io n  practices

Qualitative acluevements:

P rom oted  the concept . .fcnduri.i t :  SUGs o f  horticultural farmers for their

onomtc slnbihls and belter fmming decisions

rm e ,K ing  farmer as farmer trainer and eqntp them for farm research

D is se m in a t io n  o f  lechntcal know-how through olTtce less exlens,on

SHG* equipped  to nscertatn financial needs and ensnrtng then prudent use

P m , h , c o n  centre or,anted farmer markets ensuring better producer share o f

insumer rupee and collective bargaining p ,-uip- maj rru,i<; for
nrLpt nrices and arrivals o f  vegetables and Iruits tor 

M IC- a data bank on market prices
. , n and improved marketing decisions

nrket oriented production .



varietal preferences to cater fanner needs'"1 "” * *  PUrit5' ‘“’d

• ,  EXP'0 n n g  eXP° rt -  promoting certified products for overseas
markets. 

Professionally qualified and Pvnm ^., j
T  need extension personnel as the back bone

for success fu l  in terventions.

Quantitative ach ievem ents:(As on 31st March 2005)

N o  o f  d is tric ts  ~\
14 •

No. o f  Farm ers 63,687 j

No o f  SHG s 13,561• i ( (
: ..........  i

N o  fa rm e r m arkets (S uasraya Karshaka Samilhis) 143

T o ta l A n n u a l qu a n tity  o f  trad ing (M e tric  Tons) 40,000 (A pprox.)

T o ta l value traded per annum (Rs ) 38 C rores(Approx )

T o ta l n u m be r o f  farm ers availed credit 29.000

T o ta l am oun t " I  c re d it di Juirsed annually 42 8 C’ rores

Q uantitv of v e ’et.ible seed processed and marketed per
8300 Kg

A nn u m

R e g is t e r e d  Off ice:  U vlh r i  llhavan. Kakt.an.nd. Cochin. Kerala 

Phone  N o ;  “ ' I  IK t 2 1 2 7 1 .14. 2127155 

Fax *-01 48  \ 2427570 

Fm ail y i d p r p ^ ^ s a n c h a r n c l  in 

District  c o n t a c t s  o f  VFPC K

Address o f  district training centres
D is tr ic t

Thiruvanalhnpuram

lOl.Kalpana. 

Chembaka Nager, Trivandrum

Panavila(Jn),

K o lla m
Near Kerala Agro

Industries,

Phone Nos 

0471-2334480

0471 - 3 2 3  63 82(M ob ile ) 

0474-2451364

—  \
if



J

I J
___•

'.eeiaswarara (P0 ), Kottaralara, 
KoLlam

0474-3503350(Mobile)

Palhanamthitta lVldak^ u t h u n d , l ,  Near Srvagmh
-  ---------------- ----------------------------------------------------------------------------------------------------- ----------------------------------------------------------

j
j jcollege, Pandalam(Jn),Palhanamthitta;

0481-3405613(Mobile)

» Koikkal house, Near TKMM 0479-2410455
Alapuzha ,College,Nangiarkulangara(PO),

■
Alapuzha. 0477-3621498(Mobile)

Kottayam

•

Pandarasseril Bldg.,Near Village 04 8 i -25347 09

OfTice. Ettumanoor, Kottayam
j0481 -3405613(Mobile)

Emakulam M y th ri Bhavan, Kakkanad, Cochin 10484-3571936(Mobile)

',0480-2755458
K o o d a llv  Arcade. Nenmanikara.

T r ic h u r
P ulhukkad(PO ), T richu r ,0487-3452127(Mobile)

t _________________________ ________ _______________

Seed Processing Plant. K ind im ukku.
,0492-2222706
i

PaJakLid
M athur, Palakkad ’04‘  ̂1-3281711 (Mobile)

M a la p p u ra m

K n /h ik o d e

,0483-2768987 
M M I iu 11 <i 1 nL', 22nd M iles. M an jeri. I

M alappuram 04 83-3 22  74 *15 (M ob ile ) 

0495-2225517

W av an ad

SHliara B uild ing. Thamarasserv(PO).
I

K o / h i k n d e  ii4‘>5-3101231 (Mobile)

Silhara Build ing. Tham arnsscr\(PO ). ^  ^ ^  ^  ] (M o b l|e) 

K o /lu k n d c



VTPCK is fanner friendly organization. It is stIenot. .
bv its activities at various levels n-v u • 01108 Sma11 marginal fanners

5 "nich includes credit cnr.ni 
homestead fanning etc., msurance, input suppy,
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, What is the cnterion for the selection o f mater fanners?

There is no specific criterion for the selection of it,.
e seiection of the master farmers. Generally,

knowledgeable and experienced farmers take the master farmer role.

2 Why the seed production unit is located in palakkad?

Humtd cl,mate is requtred at the time of (lowering and d ^  climate a, the time of seed 
formation stage

3 In w hat \va\ V F P C K  differ from KHDP?

\  F P C K  has s ta r ted  ex p o r t  p rom otion  cell, kitchen gardening, tissue culture units in 

addition to the a c lm t i e s  o f  KHDP

4 W hat is 'o f f ic e  e x te n s io n ’?

Extension c o n cen tra ted  on office activities.There is no much emphasis on field 

activities
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a b s t r a c t

Agriculture continues to be the most important and single largest sector of Keralas’ 
economy accounting for over one-thtrd of the state’s income a l ^ e n t  According m 
the Agricultural Policv o f the Slate Government, the intention is to improve die vitality 
and dynamism of Kerala s agriculture through judicious utilization of scarce resources 
of land, water, manpower and technolog}' with focus on increasing production and 
productivit\ in a planned manner. The emphasis is on creating and restructuring 
infrastructure and strengthening input delivery, extension and research system to meet 
the requirements of small farmers who constitute the majority of the farming 
community

Group (urination is a pre-requisite for participator}'approach (Mukherjee. 1997). 

Farmer participation comes when the farmers have an organisation to manage their 
resource at some level Participation naturally flows from the farmers* organisation 
when it is effective (Maloney and Raju, 1994).

V eg e tab le  and 1 run  Prom otion  Council Keralam (VFPCK) is a company, in which 
majority of  share  ho lders  are farmers

For lh<- '.it tamable development of the agricultural sector, farmer has to he the focus
and the sy.tom .hot,Id he limit around them Kcsavan ( I 9 W )  stated that philosophy ol
V ege tab le  and Fru it  P m ,, , , .n u n  Council Keralam (VFPCK) is based on organization ol
fa rm ers  in SI If is that are  informal, voluntary and on neighbourhood basts integrating
all activ ities o f  the p m |c c t  area They lake up roles beyond cultivation and Hits will
result in fa rm er  e m p o w e rm e n t  In Hus sum m on the role o N ev e lcq u n cn m  t o l e r a t i o n
will he Ih.a, o f  facilitation only T he  core concept o f  V FPC K  for prom o ng he 
, , r r r- ,c dtp S r l f l l c n  Group. a vnlunlarv unit ol 15-20 cultivatingdevelopment o f farmers is the bolf Id I ^  ^  ^  form „c
farmers Each M IG run. accord g ^  ^  o r ,ec|mo|og). ruriU crcd„
base target group for all t h e c  development Dissemination ol
group marketing and par p nf ,mns|cr r„rmcr-. n ,e  mnsler formers
informalion is rouled Ihrough consliluling a stabilised SIIG
selected by .he SHGs .are .rained and^  ^  jdcs (he opporlunily for the
Officeless extension’ promoted by Uie o 

farmers to get the technology at their oo .
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INTRODUCTION



f  o n  ov n P T irn i
bferratia! stanstics deals with extracting maximum infbunation about a data set coming out

c acc,0r^  to Principles of experimentation. The dam that is c a l L
out O f  an is not only the yield data that one may consider most crucial in most of the
cases, but the different parameters that depicts the growth of aa organism. In an agricultural 
experiment the data may be height, girth, number of primary and secondary branches, weight of 
fruits, number of fruits, days to flowering, days to harvesting etc. Usually the observations may be 
recorded in a row-column form that is known as matrix with individuals along the rows and different 
parameters that represent a particular individual along the columns. Suppose there are n individuals 
and p variables, then the matrix is said to be order of nxp. With this representation the recording of 
observations is completed and it is in form of multivariate data. After having recorded all these data, 
the researcher would like to interpret the data.

With a univariate set of observations the analysis usually begins with the calculation of two 
summary statistics namely mean and standard deviation for each variable and in addition correlation 
coefficient for each pair of variables. These summary' statistics gives preliminary' information about 
the data

The mean o f  j *  variable is given by

X  = I r X r j /  N

Standard deviation o fth e  jt li variable is given by 

Sj = SQR (L- (X r j -  X j)2 ) / (n -1 )

Correlation coeffic ient o f  ith and jth  variable is given by 

rij = L, f X n -  X |) ( X[-j -  X j ) (n -l)S (S j

Where Si and Sj are standard devlation o f 1 and J variables

G com clnca llv  correlation coefficient is Hie cosine o f  Hie angle between the two standardized

vectors I f  for example tw o  vectors arc close together in an n-dimcnsional space then tlw ang e 
, . I, | snia|; and its cosine w ill close to one. indicating high positive

correlation12The correlation coefficient can be conveniently assembled m a correlation m atrix R. 

which is given h>

1 ru rii
R-

V pi p-
1
J

Note that diagonal elements are all unr.y because corrclalion cocfflcicn, be,ween the same variable ,s 

always one

T I  r n r t v h r m n  m atrix  sim ply speaks o f the linear relationship between two variables When 

wc wan. a simultaneous evaluation o f  all .He variab les,w e
A wide variety o f  m ultivaria te  techniques are available, but generally mere . t

m ultivariate techniques



—  directed techmque:-It is primarily concerned with the relationship between the
individuals

The choice of appropriate multivariate technique depends on type of data, the type of 
problem, and the sort of objectives which are envisaged for the analysis. The underlying theme of 
much multivariate technique is simplification. In other words we want to summarize a large body of 
data by means of a relatively few parameters.

According to Chatfield and Collins, with just two variables, researchers simply look at the 
correlation between them. With more than two variables, a technique called principal component 
analysis (PCA) may be appropriate. This is a variable directed technique and aims to transform the 
observed variables which are correlated to a new set of variables which are uncorrelated and arranged 
in decreasing order of importance. The principal aim is to reduce the dimensionality of the problem 
and to find new meaningful variables which make the data easier to understand.

Important practical applications o f  Principal Component Analysis are

1 C lustering o f  individuals

2 To solve multicollinearity problem in regression analysis



I



the, ^ a s“  °f * p '

variables. The principal aim is to reduce the rf ^ i >smg 1116 interdependence of the
Z  to understand. PC A ™ * X S  t L J Z E S f  f ?  dMa
variation contained within them, there by display™ most Iff °the fri ° v!anatest l̂at maximize die

tu , y most of the original variability in a smaller
number or dimensions. The mam objectives of PC A are

1.To reduce the dimensionality of the problem without significant loss of much information

2. To identify new meaningful underlying variables

PCA transforms a set of correlated variables into a set of uncorrclated variables called 
principal components. The first principal component accounts for as much of the variability in the 
data set as possible and the succeeding principal components accounts for as much of the remaining 
variability' as possible and so on.

ine mathematical technique used in Principal Component Analysis is called eigen analysis, 
which constitutes eigen values and eigen vectors.

Eigen value - Let W  be a square m atrix. Then the equation|A -  ?. 1| = 0 is called die characteristic 
equation o f  a m a trix  A ’ and its roots are called characteristic roots or eigen values.

Eigen vectors:- Let X ’ be any nonsingular column matrix. Then the equation (A -  >. 1) X  = 0 is a 
characteristic vector o f  the m atrix ‘A ’ corresponding to characteristic root where \  is any scalar

quantity and T  is die un itary m atrix.
Eigen analvsis p la \s  an important role in PCA because it finds the principal components 

That is die eigen vector associated w ith  the largest eigenvalue has the same direction as die first 
principal component "The cigcn \cc to r associated w ith the second largest eigenvalue determines the 
direction o f  second principa l component In a sim ilar way the eigen vector associated w id i the least 
eigenvalue determines die direction o f  last principal component M axim um  number o f principal 
component is equal to die number o f  variables in the matrix. T rad itionally PCA is performed either on

a covariance or a correlation m atrix.

Derivation of pnncipnlcomponents

S DDOSC X7 = (x, x2....................  Xp) is a ‘p ’ d im e n s io n a l  ra n d o m  v a r ia b le  with m e a n  I-1 and

covariance m atr ix  I  Our problem is lo find new set of variables namely y,.y:. and whose
variance decreases from  firs t to Iasi and each Y, is taken lo be a linear combination o f the x s. so that 

Y j =  a X  +a2X 2+ .......................+ap X p subject lo the constraint that a, a( -  1. which means over all

transformation is orthogonal

The first principal component Y,, is found by choosing a, so that Y, lias the largest possible variance 
subject to the constraint that a( ai = 1 
Now Var (y.) = V (a. x )



^ L (a,) =  aT I  a1.  X (a, a, - 1) Differentiate this with respect to a,,

to get ^L A ii -  2 I  a1_2 /. abetting  this equal to zero, we have 
(Z -  )J) a, = 0

We have to find absolution for a,, So ( I  -  ).I) mus, be a singlliar matrix So ^

This is a polynomial m X of degree p .so we get p eigen values which are denoted by 
*.i, h ,  and assume that X,>Xa> X3>---------
Now V (a, X) = a1T Z a,

= a,T ).I a1= ).
As we want to maximize this variance, we choose ). to be tlie largest eigen value namely, X,. Tlien the 
first prmcipal component must be the eigenvector of Z corresponding to the largest eigenvalue.

The second Principal Component, namely Y: = a;Tx must be the eigenvector of Z 
corresponding to the second largest eigenvalue namely Z;, subject to the constraint that 
a^'a; = 1 Further these two principal components should be uncorrelated Now

Cov i v;, y 1) = var (a:Tx, a, x )

= E (a: ‘ (x -p ) (x -p )Ta,)

-  a2 r l a ,  -  0
In a s im ila r wav the last principal component namely yr = a, 'x  must be the eigenvector of 1 

corresponding to the least eigenvector /T . subject to the constraint that a, a = 1 Note that all the 

prm cipal components must be uncorrelated.

The eigenvalues can be interpreted as the corresponding variances o f the different 

components Now the sum o f  these variances is given bv 

Zy-i / i -  trace (A )
Thus we have the im portant result that the sums o f the variances o f  the original variables and of then 
prm cipal components are same It is therefore convenient to make statements such as the iu principal 
component accounts for a proportion / 1/ Z >.j of the total variation m the original data We w ill aho 
sav that the firs t m ' components together accounts for a proportion l n, , Xj / 1 >-j of the total

v a r ia t io n

Illus tration w ith  an esample
Mere 15 individuals and X variables are used for the purpose of the pioblem 1 he variables

used are 
xi-Tree height 
x 2-Num ber of branches 
X j-Lea f length 
Xj-Leaf breadth 
x^-Numbcr o f  fru its 
x^-Fruit length 
X rF ru it  w idth 
x ,rF ru it weight

Table 5 11 represents the data used for each variable which arc the secondary data obtained from a 
study conducted on pucmello
Table 5 12 and 5 13 represents the mean and standard deviation for each variable
Tabic 5 14 represents the cigcn roots which arc obtained from the variance-covnrinncc matrix and are
arranged in decreasing order of importance.



Table 5.15 represents the percentage of variation explained by each root. From the table we can see 
that the largest eigen value explains maximum information in the data set as possible and the 
succeeding principal components accounts for as much of the remaining variability as possible and so 
on. All the eigen vectors together explains 100% variation.

Table 5.16 represents the eigen vectors (column vectors) obtained from the corresponding eigen 
values. First 6  components explain 97.85 Percent variation. Table 5.17 shows the first 6 principal 
component scores, which are obtained by multiply the original data with corresponding eigen vectors. 
The first principal component scores are computed as
0.326*X i+ 0 .235*X 2+----------------------+0.091*X 7+0.113*x8 = -2 .404, sim ilarly the subsequent principal
component scores are computed.

Figure 5 a is a graphical representation of first two principal component scores which 
explains 62%  variation together. The graph is drawn by taking first principal component score on X 
axis and second principal component score on Y axis and die points are named as 
Vl V,---------------------V)4,V] 5 .With this graphical representation we reduced the dimennonality of the
prob lem  by  tw o





red«c r r r r of r ables ^  iu «  ■*» ° fpiuuiem. i ne other important applications of PCA are 

I Clustering of individuals

2. To sohe multicollinearity problem in regression analysis

1 Clustering of individuals

The basic aim  o f  cluster analysis is to find the ‘natural groupings, i f  any. o f a set o f 
indn  iduals T h n  set o f  individuals may form a complete population or be a sample from some larger 
population M ore fo rm a lly , cluster analysis aims to allocate a set o f individuals to a set o f mutually 
exclusive, exhaustne groups such that individuals w ith in a group are sim ilar to one another while 
individuals in d ifferent groups are dissim ilar.

I f  observations are taken on only two variables, the simplest and probably the best, wav o f 
finding any natural groupings is to plot the data on a scatter diagram and examine the graph visually. 
This is possible only w hen the firs t two components explain a large proportion o f  variation.

Figure 5 b represents a scatter diagram o f bivariate data. It is obtained by plotting first two 
principal component scores (from  table 5.17) on X and Y-axis. Three clusters are evident in the 
figure, which are encircled The contiguous points give rise to clusters.

2 To solve m u ltic o llinonritv  p rob lem in regression analysis

Regression analysis is a measure o f the average relationship between two or more variables in 
terms o f  orig ina l units o f  data One o f the important assumptions in regression analysis is that all the 
explanatory variables are not perfectly linearly correlated (which means correlation coefficient should 
not be equal to 1) According to Kautsoyianms ( l l>77) the term m ulticollinearity is used to denote the 
presence o f  linear relationship among explanatory' variables. It the explanatory variables arc perfectly 
linearly correlated, that is, i f  the correlation coefficient for these \anables is equal to unity, the 
parameters become indeterminate. It is impossible to obtain numerical \ allies for each paramctci 

separately and the method o f  least squares breaks down

Consequences o f  m u llico I linearity
I f  the In tcrcorrc la tion  between the explanatory \a iiab lcs is perfect then

a The estimates o f  the coefficient arc indeterminate 

b The standard errors o f  these estimates become infinitely laigc

The problem o f  m ultico llinearity  in regression analysis can be solved by the application o f 
principal component analysis. We transform the m ulticollm car variables to a new set o f variables

component analysis and the transformed variables arc uncoirelated to each other. We 

can find the regression coefficients for the transformed variables Thus the transformation provides a 

feasible solution to m ultico llinearity  problem





X1

5
5
6 

6
5

6

*2
23
17
19

23

23

29

x3

14.02
12 65 
10.24
13 74 

12 09 

9 61

X4
6.39

5.25
5.56
5.69

6.8
4.65

x5
75
55
85
45
85
55

x6
17.84
18.82
28.4

35.4 
26.3 
27 5

x7
19.02 
20.16 

30 
32 
25 

22 8

x8
498
1166
1486
1960
710
980

8 33 10 I 6 73 77 32 1 29 1 1230
7 37 13 85 5.73 45 27 4 25.1 946
5 23 10 75 6 21 55 30 4 29 1700
4 22 9 5 3 4 45 22 21 2 590
5 27 9 92 5 02 46 29 1 30 44 1460
5 23 12 29 6 75 75 20 8 24 870
5 33 10 29 5 49 55 18 84 20 6 570
5 35 14 64 5 12 110 25 14 26 4 910
5 35 11 66 5 56 45 23 24 860

T a b le  5 . 1 2 M e a n s  O f  V a r ia b le s

'3 VI n  i 11 'i I ?  <•> 1,1 51 ;.c' 54 | 31 21 1 l"f>2 -1"

T a b le  5 . I J  S td .  Dev. O f  V a r ia b le s

o ■>'> 1 76 | 6 11 | II‘JO lo K2 121 1 112 412- r  1

Table  5.14 E icon K nots
» —  —  —  -  —  —  ■ —  —  ■ ¥ '  ■  T  I  _  _

2 945 2 011 [ 1 2r>K 0 /4K () | O 2 7X 1 o l i o  I 0 055

Table  5.15 %  V a ria tio n  Expla ined By Each Root

[ 36 81 | 25 44 15 73 19.35 I 7 06 1 47 1 1 45 0.69



X1 *2 x3 X4
5 23 14.02 6.39
5 17 12 65 5.25
6 19 10.24 5.56
6 23 13 74 5.69
5 23 12 09 6.8
6 29 9 61 4.65
8 33 10 I 6 73
7 37 13 85 5.73
5 23 10 75 6 21
4 22 9 5 3 4
5 27 9 92 5 02
5 23 12 29 6 75
5 33 10 29 5 49
5 35 14 64 5 12
5 35 11 66 5 56

x5 x6 x7 x8
75 17.84 19.02 498
55 18.82 20.16 1166
85 28.4 30 1486
45 35.4 32 1960
85 26.3 25 710
55 27 5 22 8 980
77 32 1 29 1 1230
45 27 4 25.1 946
55 30 4 29 1700
45 22 21 2 590
46 29 1 30 44 1460
75 20 8 24 870
55 18 84 20 6 570
110 25 14 26 4 910
45 23 24 860

T a h ir  5.1 2 Means O f Variab les

- in t, 1 *\ V  ̂s “> S ln<0
j  r  ! - i • i i i i

Table  5 .IJ  Std. Dev. O f V ariab les

0 99 1 76 | 6 11 I 0 90 m :  5 2*, i 1 12 412 4" 1

Table  5.14 E icon Knots 1 - — - — — - — — ■¥■ * T I _ _
2 945 2 0 r> [ 1 2r>K 0 /'IK () Sf»S ] 1I27X j 0 11(1 I 0055

T able  5.15 %  V a ria tio n  Expla ined By Each Root

[ 16 HI | 25 44 15 73 1 9 35 — 5 i 1 l i -j i 1 i_ j i i L -d



Table 5.16 Corresponding Eigen Vectors (Columns Are Vectors)

Table 5 .17 F irs t 6 P rin c ip a l Com ponent Scores

M -Z 404 1 O'.2 11 776 0 401 -0 515 I) 087
-1 72*y -0 54 3 1 290 11 484 -1 1^8 -0 230

1 1 4 ) 0  | J) 461 1 518 -1 39 -0 I'21 -0 514
4 1 t»«ll -0 768 1 003 l 4*m -0 s"7: -0 367

I J Ji  I'M 1 25 7 1 0.55 -u o i o 0 312 0 479
6 i :  ~ i -1 2o7 -1 063 -(i 64 5 o 024 -o 501

1 ' 2 51" i m -1 4 06 -1 368 -0 4 ;x -0 144

r e  ' '  " 1) y < o hoo -1 o n I 326 -I) 508 -0 4~3
r- —  •y 1 O'. 3 -<i 757 n 197 n 218 (I ISO 1 045

1 -2 540 -2 72o 0 0 77 -i) 20'/ 1) 617 -0 533

11 I 1 175 -1 802 0 124 i) 115 5 o 5"5 0 414

12
-0 "1 7 1 72-1 (I 5 31 -0 514 -0 S| ( . 0 347

T T ----------------- -1 7 0 ' i ii i n s -1 04 5 -i) 5U9 - 0 2 3 3 o 2^0
— - ■ —---- ---  - - ---

11 -0 0 2 7 2 4 00 0 450 <1 467 1 SSl. -0 64 s

I I I _______________
-0 27o -1 113 11 8 1 I 0 >08 0 - i s



Table 5.16 Corresponding Eigen Vectors (Columns Are Vectors)

Table 5 .17 F irs t 6 P rin c ip a l Com ponent Scores

M - Z 4 0 4 1 O ' . 2 11 7 7 6 0  4 0 1 - 0  5 1 5 I) 0 8 7
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I 1 t»«l l - 0  7 6 8 1 ( i 0 3 l 4 *m - 0  s"7: - o  3 6 7

I J J i  I ' M 1 2 5 7 1 0.55 - u  o  i o 0  3 1 2 0  4 7 9

6 i :  ~ i -1 2 o 7 -1 0 6 3 - ( i 6 4  5 o 0 2 4 - o  501

• 2 5 1 " i m -1 4 0 6 -1 3 6 8 - 0  4 ; x - 0  144
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r - —  

•y 1 O ' M -<i 7 5 7 n  197 n  2 1 8 (I i s o 1 0 4 5

1 - 2  5 4 0 - 2  7 2 o 0  0 7 7 - i )  2 0 '/ 1) 6 1 7 - 0  5 3 3

11 I 1 1 7 5 -1 8 0 2 0  124 i) 115 5 o 5 " 5 0 4 1 4

12
J ,  5 X 7 1 72-1 0  5 31 - 0  5 1 4 - 0  S | ( . 0  3 4 7

T T ---------------------------- -1 7 0 ' i II 0 VX -1 0 4  5 - i )  5 U 9 - n  2 3 3 o 2 ^ 0
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Figure 5.a Graphical representation of firs, two principal component scores
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In most of the agricultural experiments dat 
conclusions by reducing dimensionality of the D ro b lL T 1̂ 316 in. nature- We can make valid
also we can make a graphical representation of individual/ ^  pnncipal comPonent analysis and

Discussion

Other areas in which PCA can be used in agriculture?

£ £ £  (lddiaVE ™  ^  "“ n) for

Which are the characters or attributes used for clustering in the graph’

liA h  fr, T b°n °,f br“ Ch“ ’ LKlf IC"Eth' Lcaf brcadth. Numbcr of fruits. Fruit length Fruit width, fruit weight, all these characters are used for clustering

What is the criterion for clustering?
Contiguous points come under a cluster group and the individuals within a cluster have some 
common features

What is the use of PCA in multicollinearity problems?
We transform the multicollinear variables to new set of variables bv using principal component 
analysis and the transformed \anablcs are uncorrelated to each other. We can find the regression 
coefficients for the transformed variables. Thus the transformation provides a feasible solution to 
multicollinearity problem
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A B S T R A C T

The results ensuing from  an agricultural experiment is usually multivariate in nature. These 
results can be tabulated in a raw-colum n form  w ith individuals along the rows and variables along the 
columns (Surendra and Saxena, 1985). Then the ultimate aim before an experimenter is to elucidate 
valid conclusions Reduction in dimension w ill help to arrive at such conclusion more rapidly 
Principal component analysis (PC A) is one o f  the techniques by which we can attain the above 
objectives

PCA is a variable directed technique and it analyses interdependence o f  variables. PCA finds 
orthogonal linear combinations o f  a set ol variates that maximize the variation co.itained within them 
there by displacing most o f  the original variab ility  in a smaller number o f  dimensions. Objective o f 
PCA is to reduce the dim ensionality o f the problem and to identify new meaningful underhmg 

variables (Rao, 1965)

PCA transforms a number o f  correlated variables to a number o f  uncorrelated variables called 
principal components (PC) The firs t PC' accounts for as much o f the variab ility  in the data set as 
possible and each succeeding PC accounts for as much o f  the remaining variab ility  as possible

The mathematical technique used in PCA is eigen analysis It constitutes the extraction ol 
eigen value-, and eigen vectors either from a covariance or a correlation matrix The eigen vector 
associated w ith  the largest eigenvalue has the same direction as the first principal component. The 
cigen vector associated w ith the second laigcsl eigenvalue determines the direction o f the second 
principal component Tins first and second pim cipal component should be uncorrelated Maximum 
number o f  principal components is equal to the number o f  variables in the matrix and each PC is a 

linear combination o f  original variables (C ollins and Chatficld, l'ts o )

Important practical applications o f  PCA arc

1 clustering o f  individuals

2 It used for solving multicollinearity problem in regression analysis (Kautsoyiannis. 1^77)
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