
  

 

 

  Cicer arietinum L. cv. Vijay 
   (A  photograph  of  field  experiment) 

 

INTRODUCTION 



                                                                                                                 Introduction  

 

 

                                                                                                                                     1  

 

 CHAPTER - I 

INTRODUCTION  

1.1   NITROGEN METABOLISM  

Nitrogen is one of the important macro-element required for plant metabolism. 

It occurs in organic and inorganic forms in soil. Plants can absorb nitrate or 

ammonium ions from the soil via their root hairs. Nitrogen is the important 

constituent of nucleotides, proteins, chlorophylls and enzymes involved in various 

metabolic processes which have direct impact on vegetative and reproductive phases 

of plants (Mengel and Kirkby, 1987). It is also found in plant hormones like IAA and 

cytokinins. If nitrate is absorbed, it is first reduced to nitrite ions and then to 

ammonium ions for incorporation into amino acids, nucleic acids, and chlorophylls. In 

plants that have a mutualistic relationship with rhizobia, some nitrogen is assimilated 

in the form of ammonium ions directly in the nodules. Animals, fungi, and other 

heterotrophic organisms obtain nitrogen as amino acids, nucleotides and other small 

organic molecules.  

It is well known fact that only 35 % of the nitrogen applied to soil is taken by 

crops and 65 % is wasted. It is either going to air as ammonia or it is converted by 

denitrification process and released as nitrate in soil or it goes back to ground water. 

According to Nicol (1934), the role of nitrate in the soil is not clearly understood and 

nitrate is most likely an end-product of micro-organic decomposition of organic 

materials. Its presence is detectable in notable amounts. It is preferentially absorbed 

by plants. It is suggested that plants can absorb some of the less highly oxidised forms 

of nitrogen which are the precursors of nitrate. In other words, the finding of nitrates 

in considerable amounts in soil indicates that there has been a local surplus of 

nitrifiable nitrogen compounds which plant roots have been unable to reach and 

absorb. No single compound of nitrogen can be named as the primary component of 

the nitrogenous nutrition of plants. 

It is observed that non-leguminous plants can profitably utilise compounds of 

nitrogen built up by the symbiotic life of nodule bacteria within their proper 

leguminous host plants. Some insight into the nature of the transferred compounds has 

been gained, though the conditions in vitro do not admit of facile extension to natural 

http://en.wikipedia.org/wiki/Heterotrophic
http://en.wikipedia.org/wiki/Amino_acid
http://en.wikipedia.org/wiki/Nucleotide
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conditions. The mode of transfer from legume to non-legume is still obscure, but the 

existence of a transfer can be taken to be well established. It represents a stage in a 

double symbiosis and its importance has not been fully appreciated. It is probable that 

in the nitrogenous nutrition of plants, some factors are involved which are not yet 

formulated. These accessory factors may be found to derive ultimately from the 

animal, aided by activity of legume nodule bacteria in the soil. 

It is found that organic nitrogen can be directly taken up by plants. It is used 

differently by different species, enabling nitrogen sharing. Tagging organic nitrogen 

(amino acids) with stable isotopes revealed that different plant species prefer different 

sources of nitrogen. In the present investigation, organic form of nitrogen is provided 

to chickpea plants through soil supplementation of peptone and oxygenated peptone.  

1.1.1    Nitrogen fixation : 

In nitrogen fixation, atmospheric nitrogen is reduced by the addition of 

hydrogen atoms. As a result, the three bonds between the two nitrogen atoms are 

broken down resulting in the formation of ammonia. Nitrogen fixation thus requires a 

strong reducing agent, ATP to transfer hydrogen atoms to dinitrogen and enzyme 

systems. Ammonia thus formed as a result of nitrogen fixation is used for the 

synthesis of amino acids, which are the building blocks for the synthesis of proteins. 

Synthesis of amino acids takes place by reductive amination and transamination. 

Thus, conversion of nitrogen into nitrogenous compounds is essential. It is achieved 

by combining with carbon, hydrogen and oxygen before it can be absorbed by the 

plants.  

Out of about 220 million tones of nitrogen fixed worldwide, 66 % is fixed by 

microbes. The micro-organisms which can fix atmospheric nitrogen can be classified 

into two main groups like symbiotic micro-organisms and free living micro-

organisms. Some plants have an ability to fix nitrogen from the atmosphere through a 

process of symbiotic nitrogen fixation. The symbiotic bacterium Rhizobium is found 

in association with the root nodules of the leguminous plants such as beans, peas, 

gram and groundnut. Root nodules act as a site of nitrogen fixation. They contain a 

pigment called leghaemoglobin. It gives a pinkish colour and it is closely related to 

the haemoglobin present in human RBCs. Like haemoglobin, it also combines with 

oxygen. By combining with oxygen, leghaemoglobin protects the enzyme 
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nitrogenase, which can function only under anaerobic conditions. Nitrogenase is the 

only enzyme that can split nitrogen molecule for nitrogen fixation.                               

     N2 + 8e
-
 + 8H

+
 + 16 ATP       

Nitrogenase          
2 NH3 + H2 + 16 ADP + 16 Pi 

In nitrogen fixation, a large amount of energy is required to separate the two 

nitrogen atoms of the nitrogen molecule. This energy is derived from the ATP 

molecules. ATP molecules are provided either by respiration or photosynthesis.                                            

The plants pick up nitrogen from the soil in the form of ammonium ions 

(NH4
+
) or nitrate ions (NO3

-
), ammonia being the main product of biological nitrogen 

fixation. It is converted to nitrates by a number of soil bacteria, (nitrate being the 

major source of nitrogen for plants). The dead remains of plants and animals are 

decomposed through microbial activities to produce ammonia. This process is known 

as ammonification. Nitrification is the process of conversion of ammonia to nitrates. It 

is accomplished by nitrifying bacteria like Nitrosomonas, Nitrosococcus and 

Nitrobacter. Ammonia is first converted to nitrite ions and then to nitrate ions as 

given below: 

                                   Nitrosomonas 

Ammonia NH4                                  Nitrite ions (NO
-
2) 

                                   
Nitrococcus                           

                                                                         Nitrobacter 

 

                                                              Nitrate ions (NO
-
3) 

The nitrifying bacteria mentioned above are chemoautotrophs as they derive 

energy by oxidising inorganic materials like ammonia and nitrite. The bacteria are 

aerobic and oxygen is an electron acceptor. The nitrate ion thus obtained, is either 

made available to the plant or converted to nitrogen gas by a process of 

denitrification. Optimum uptake of nitrate is the first step to enhance nitrogen use in 

any plant. Plants acquire their nitrate from the soil through the combined activities of 

a set of high and low affinity transport systems (Chopin et al., 2007) with the influx of 

NO3 being driven by the H
+
 gradient across the plasma membrane. Some of these 

transporters are constitutively expressed while others are nitrate-inducible and subject 

to negative feedback regulation by the products of nitrate assimilation.  
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1.1.2   Nitrate assimilation in plants : 

After nitrates have been absorbed by the plant, they are reduced to ammonia 

with the help of two enzymes nitrate reductase (NR) and nitrite reductase (NiR). 

Nitrate reductase reduces nitrate to nitrite. This reaction can take place in any part of 

the plant body. Nitrate reductase is a flavoprotein and contains molybdenum. Nitrite 

reductase reduces the nitrite ions to ammonium ions. Nitrite reductase does not 

require molybdenum and may contain copper and iron. Since ferredoxin is the direct 

source of electrons, reduction of nitrite ion takes place in the leaves and the nitrite 

ions formed elsewhere are also transported to leaves for reduction.  

             

A schematic diagram showing progressive reduction of nitrate to yield ammonia.                                                    

(www tutorvista.com ; retrieved on 27/6 /2011) 

Nitrate reductase is a cytosolic enzyme. Nitrogen absorbed by plant roots is 

either reduced to nitrate in root by nitrate reductase enzyme in cytosol or transported 

unaltered to the shoot where it is reduced to nitrite by nitrite reductase in cytosol. The 

resultant nitrite moves into chloroplast where it is reduced to ammonium which is 

then used in amino acid biosynthesis. Due to abundant availability of photosynthetic 

reductants, leaf mesophyll cells are the main sites of nitrate reduction. This is initiated 

by NAD or NADP dependent NR. Being the first irreversible and often rate 

determining step of nitrogen assimilatory pathway, nitrate reduction has been a 

favorite  step for  physiological and  biochemical  approaches to  optimize  fertilizer N  
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use (Pathak et al., 2008). Moreover, Engelaar et al. (1994) stated that nitrate reductase 

activity in the plant leaves can be used as an indicator of availability of nitrate to the 

plants. According to Bose and Mishra (1999), NR activity is a major contributor in 

productivity of plant and it is an indicator enzyme of nitrogen assimilatory pathway. 

Saxena et al. (2006) remarked that the enzyme nitrate reductase can be proposed as an 

index of nitrogen incorporation. They further stated that NR is a very sensitive plant 

enzyme and it is substrate inducible i.e. the supply of nitrate invariably increases the 

level of NR.  

Srivastava and Shankar (1996) stated that oxygen concentration is one of the 

factors influencing the enzyme activity of NR. Hence in this piece of work, the 

influence of both peptone and oxygenated peptone on the vegetative and reproductive 

growth of chickpea is studied in details to sort out the effect of soluble nitrogen 

source like peptone and oxygenated peptone (which provide both oxygen and 

peptone) separately so that the contribution of oxygen can be specifically attributed. 

1.2   LEGUMES  

Legumes have been important crops after cereals ever since man started 

domesticating plants. The term legume is derived from the Latin word legumen which 

is in turn believed to come from the verb legere means “to gather." The English word 

legume is translated in French as legumineuse.  

Legume plants are known for their ability to fix atmospheric nitrogen, as they 

can form a  symbiotic relationship with bacteria (rhizobia) found in root nodules of 

these plants. Their ability to form this mutualism reduces fertilizer costs and allow 

legumes to be used in a crop rotation to replenish soil that has been depleted of 

nitrogen. The nitrogen fixation ability of legumes is enhanced by the availability of 

calcium in the soil and reduced by the presence of ample nitrogen. Legume seed and 

foliage have comparatively higher protein content than non-legume counter parts, 

probably due to the additional nitrogen that legumes receive through nitrogen fixation. 

The high protein content makes them desirable crop in agriculture. (www. Legume 

wikipedia.com, retrieved on 23/4/2011) 

Pulses have been grown since millennia and have been a vital ingredient of the 

human diet in India. Even “balanced food” – as defined over 1000 years ago – 

http://en.wikipedia.org/wiki/Latin
http://en.wikipedia.org/wiki/Nitrogen_fixation
http://en.wikipedia.org/wiki/Symbiosis
http://en.wikipedia.org/wiki/Bacteria
http://en.wikipedia.org/wiki/Rhizobia
http://en.wikipedia.org/wiki/Root_nodules
http://en.wikipedia.org/wiki/Fertilizer
http://en.wikipedia.org/wiki/Crop_rotation
http://en.wikipedia.org/wiki/Nitrogen
http://en.wikipedia.org/wiki/Nitrogen_fixation
http://en.wikipedia.org/wiki/Protein
http://en.wikipedia.org/wiki/Agriculture
http://www.wikipedia.com/
http://www.wikipedia.com/
http://www.wikipedia.com/
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consisted of pulses, besides cereals, vegetables and fruits, and milk products (Ayachit, 

2002). In the opinion of nutritionists, the pulses are important because they provide 

the essential proteins. Pulses and milk provide the full complement of proteins to 

people who avoid eating meat. 

India has been growing different pulse crops such as chickpea (Cicer 

arietinum L.), pigeonpea (Cajanus cajan L.), lentil (Lens culinaris), black gram 

(Vigna mungo L.), green gram or mung bean (Vigna radiata L.), lablab bean (Lablab 

purpureus L.), moth bean (Vigna aconitifolia L.), horse gram (Dolichos uniflorus L.), 

pea (Pisum sativum L. var. arvense), grass pea or khesari (Lathyrus sativus L.), and 

cowpea (Vigna unguiculata L.). Broad bean or faba bean (Vicia faba L.) never became 

popular except in some areas. (Nene, 2006).  

1.3  CHICKPEA (Cicer arietinum, L.) 

1.3.1  SCIENTIFIC CLASSIFICATION:    

According to Dahlgren (1983)                                  

 

 

 

 

 

  

 

 

 

 

The name Cicer is of Latin origin derived from Hebrew „Kikus‟ meaning force 

or strength. The word arietinum is also Latin translated from the Greek „Krios‟, 

another  name for both ram and chickpea, showing similarity to the shape of the seed 

which resembles the head of ram (Aries).        

 

Kingdom: Plantae 

Division: Magnoliophyta 

Class: Magnoliopsida 

Order: Fabales 

Family: Fabaceae 

Subfamily: Faboideae 

Genus: Cicer 

Species: arietinum L. 

http://en.wikipedia.org/wiki/Biological_classification
http://en.wikipedia.org/wiki/Plantae
http://en.wikipedia.org/wiki/Flowering_plant
http://en.wikipedia.org/wiki/Magnoliopsida
http://en.wikipedia.org/wiki/Fabales
http://en.wikipedia.org/wiki/Fabaceae
http://en.wikipedia.org/wiki/Faboideae
http://en.wikipedia.org/wiki/Cicer
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1.3.2   Various names :  

Chickpea, popularly known as Garbanzo bean, is known variously in different 

languages such as garbanzo (Spanish), pois chiche (French), kicher or chicher 

(German), and gram (English). It is known by various names in different countries 

like Latin America (Garbanzo), Arab world (Hommes or Hamaz or Jumeaz), Turkey 

(Nohud or Lablabi) and Ethiopia (Shimbra). In India, chickpea is recognized by 

various names in different languages such as Chana (Hindi), Harbhara (Marathi), 

Butmah (Assames), Chola (Bengali), Boot (Oriya), Sangalu (Telugu), Kakalai 

(Tamil), Kadala (Malyalum), Kadale (Kannada), Chana or  Chania (Gujrathi), and 

Chanaka (Sanskrit).  

1.3.3  Origin : 

Chickpea originated in southern Turkey (Ladizinsky, 1975). Helbaek (1966) 

reported the occurrence of archeological remains of chickpea dated to c. 5450 BC at 

Hacilar in Turkey and c. 4000 BC from Palestine. Thus, it has been found in 

prehistoric sites in the east Mediterranean area. It is claimed that chickpea originated 

in the Turkey-Syria region and then spread eastwards towards South Asia. According 

to van der Maesen (1987), there are more than 30 wild species (the number now 

stands at around 40), of which 13 perennial species are found in the Afghanistan-

Pakistan-India region. An annual species, Cicer reticulatum, which is considered to be 

the progenitor of the cultivated chickpea, has not yet been found in the Afghanistan-

Pakistan-India region (Nene, 2006).  

1.3.4  Domestication : 

West Asia is claimed to be the region where chickpea was domesticated. The 

Vedas (Rigveda, Yajurveda, Samaveda and Atharvaveda) were compiled between c. 

8000 BC. and c. 1000 BC. A commentary on the Rigveda, called Brahadaranyak, 

mentions a grain called khalva. The Yajurveda which followed the Rigveda, specifies 

khalva as a pulse (Sarma, 1989). There is a large gap in documentation since the time 

when the Brahmanas, Aranyakas, and Upanishads (c. 6000–1000 BC) were compiled. 

However, it is found that Kautilya (321–296 BC) mentions kalaya as a postrainy 

season crop that is consumed in various ways including the roasted form 

(Shamasastry, 1961). Even today, chickpea in roasted form is consumed much more 
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commonly than any other pulse. The word kalaya has a striking resemblance to 

khalva, and very similar words are used today for chickpea in Karnataka (kadale) and 

Kerala (kadala). In the Buddhist literature (c. 400 BC), the word chanaka for 

chickpea gained popularity, and today most Indian languages, except Marathi, have 

words for chickpea derived from chanaka. There existed another old Sanskrit word 

for chickpea, harimanth (hari - horse; manth - agitating/chewing); as chickpea grains 

have been fed to horses since ancient times. Today, the word in Marathi for chickpea 

is harbhara, which closely resembles harimanth, and has a similar meaning. 

According to van der Maesen (1987), the Greek word erebinthos was 

mentioned in the Iliad of Homer (c. 1000–800 BC), but Theophrastus (370–285 BC) 

specified it for chickpea. Alexander III of Macedon (336–323 BC), who invaded 

northern India in 326 BC, was a contemporary of Theophrastus. It is possible that the 

Sanskrit word harimanth was corrupted, during the Greek- Indian interaction, to the 

word erebinthos. By the time Theophrastus specified the word erebinthos for 

chickpea, the desi chickpeas had become a very common crop domesticated in India 

(Nene, 2006). 

1.3.5 Types of chickpea : 

There are two main kinds of chickpea –  

 Desi, which has small, darker seeds and a rough coat, cultivated mostly in the 

Indian subcontinent, Ethiopia, Mexico, and Iran.  

 Kabuli, which has lighter coloured, larger seeds and a smoother coat, mainly 

grown in Southern Europe, Northern Africa, Afghanistan, Pakistan and Chile, 

also introduced to the Indian subcontinent during the 18
th

 century. 

Kashyapa (800 AD) also mentioned two kinds of varieties –large-seeded and 

small-seeded – and that the large-seeded varieties were to be sown in lines. The Desi 

variety (meaning country or local in Hindi) is also known as Bengal gram or kala 

chana. Kabuli (meaning from Kabul in Hindi, since they were thought to have come 

from Afghanistan when first seen in India) is the kind widely grown throughout the 

Mediterranean. Desi is likely the earliest form since it closely resembles seeds found 

both on archaeological sites and the wild  plant  ancestor  of  domesticated  chickpeas    

http://en.wikipedia.org/wiki/Indian_subcontinent
http://en.wikipedia.org/wiki/Ethiopia
http://en.wikipedia.org/wiki/Mexico
http://en.wikipedia.org/wiki/Iran
http://en.wikipedia.org/wiki/Afghanistan
http://en.wikipedia.org/wiki/Pakistan
http://en.wikipedia.org/wiki/Chile
http://en.wikipedia.org/wiki/Hindi
http://en.wikipedia.org/wiki/Kabul
http://en.wikipedia.org/wiki/Hindi
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 (Cicer reticulatum L.) which grows only in southeast Turkey, where it is believed to 

have originated. Desi chickpeas have markedly higher fiber content than Kabulis and 

hence a very low glycemic index which make them suitable for people with blood 

sugar problems. The desi type is used to make Chana dal, which is a split chickpea 

with the skin removed. 

1.3.6   History : 

Chickpea (Cicer arietinum L.) is an ancient cool season, food legume. It has 

been grown in India, the Middle East and parts of Africa for many years. It may have 

been grown in Turkey nearly 7,400 years ago. Domesticated chickpeas are first 

known from the aceramic levels of Jericho (PPNB) and Cayonü in Turkey and the 

pottery Neolithic in Hacilar, Turkey. They are found in the late Neolithic in Thessaly, 

at Kastanas, Lerna and Dimini at c. 3500 B C E. In the southern French cave of 

L'Abeurador, wild chickpeas have been found in Mesolithic layers, dated by 

radiocarbon dating to 6790 ± 90 B C E. They were known in Italy and Greece by the 

Bronze Age. In classical Greece, they were eaten both as a staple and as a dessert, and 

also consumed raw when young.  It is most likely that it was introduced into Egypt 

from Greece or Italy. Its introduction to India is of more early date. It is thought that 

the western Aryans carried it into India. The Romans knew several varieties, for 

example venus, ram and punic chickpeas. These were cooked into a broth and roasted 

as a snack. The Roman gourmet (food taster) Apicius gave several recipes for 

chickpeas. Carbonised chickpeas have been found at the Roman legionary fort at 

Neuss (Novaesium) and in Germany in layers of the 1st century C E, along with rice. 

Chickpeas are mentioned in Charlemagne's Capitulare de villis (c. 800 C E) as Cicer 

italicum. Chickpeas were grown in some areas of Germany for use as a coffee 

substitute in the First World War. (Chickpea – Gardenology.org) 

(Note: B C E – Before Christian era,   C E – Christian era.) 

 

1.3.7   Distribution: 

The earliest remains of chickpea seeds date back to around 7000 BC (Syria 

and Turkey). Chickpea was gradually introduced to the western Mediterranean region, 

to eastern and southern Asia and East Africa. It reached the Indian subcontinent 

before 2000 BC. Chickpea cultivation expanded in Australia, New Zealand, the 

http://en.wikipedia.org/wiki/Glycemic_index
http://www.gardenology.org/w/index.php?title=Neolithic_founder_crops&action=edit&redlink=1
http://www.gardenology.org/wiki/Jericho
http://www.gardenology.org/w/index.php?title=Pre-Pottery_Neolithic_B&action=edit&redlink=1
http://www.gardenology.org/w/index.php?title=Cay%C3%B6n%C3%BC&action=edit&redlink=1
http://www.gardenology.org/wiki/Neolithic
http://www.gardenology.org/wiki/Turkey
http://www.gardenology.org/w/index.php?title=Thessaly&action=edit&redlink=1
http://www.gardenology.org/w/index.php?title=Kastanas&action=edit&redlink=1
http://www.gardenology.org/w/index.php?title=Lerna&action=edit&redlink=1
http://www.gardenology.org/w/index.php?title=Dimini&action=edit&redlink=1
http://www.gardenology.org/w/index.php?title=Mesolithic&action=edit&redlink=1
http://www.gardenology.org/w/index.php?title=Radiocarbon_dating&action=edit&redlink=1
http://www.gardenology.org/wiki/Italy
http://www.gardenology.org/wiki/Greece
http://www.gardenology.org/wiki/Bronze_Age
http://www.gardenology.org/w/index.php?title=Broth&action=edit&redlink=1
http://www.gardenology.org/w/index.php?title=Apicius&action=edit&redlink=1
http://www.gardenology.org/w/index.php?title=Neuss&action=edit&redlink=1
http://www.gardenology.org/wiki/Germany
http://www.gardenology.org/w/index.php?title=Charlemagne&action=edit&redlink=1
http://www.gardenology.org/wiki/Coffee
http://www.gardenology.org/wiki/World_War_I
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United States and Canada. In tropical Africa, it is mainly cultivated in East Africa 

(Sudan, Eritrea, Ethiopia, Kenya, Tanzania) and in Malawi, it is grown particularly in 

areas with a marked cool season. Lesotho and South Africa have recently introduced 

chickpea at experimental level.  

Around 92 % of the area and 89 % of the production of chickpea are 

concentrated in semiarid tropical (SAT) countries. The important countries in the 

world with respect to the area under cultivation are India, Pakistan, Mexico, Turkey, 

Burma and Ethiopia. Chickpea growing centers in India are located between 15 and 

34
0
N latitude. In India, the major chickpea growing states are Madhya Pradesh, 

Rajasthan, Uttar Pradesh, Maharashtra, Haryana, Gujarat and Bihar. 

1.3.8   Production: 

According to FAO statistics, the annual world production and harvested area 

of chickpea from 1961 to 2003 has remained relatively stable at around 7 million 

tones (t) and 10 million ha, respectively. The main chickpea producing countries were 

India (4.1 million t per year from 6.3 million ha), Turkey (600,000 t from 600,000 

ha), Pakistan (500,000 t from 1.1 million ha), Canada (250,000 t from 200,000 ha), 

Mexico (250,000 t from 150,000 ha) and Australia (200,000 t from 200,000 ha). The 

annual production in sub-Saharan Africa was about 280,000 t from 430,000 ha, the 

main producers being Ethiopia (168,000 t from 191,000 ha), Malawi (35,000 t from 

88,000 ha), Sudan (25,000 t from 13,000 ha), Tanzania (25,000 t from 63,000 ha) and 

Kenya (20,000 t from 55,000 ha). In tropical Africa, the area and production of 

chickpea have been increasing recently, whereas they are declining in northern Africa. 

The decline in Ethiopia was arrested and has been reversed due to the release of 

improved cultivars, liberalized markets and intensive extension activities. In Zambia, 

chickpea is grown by commercial farmers around urban areas. 

 The world trade in chickpea steadily increased from 100,000–150,000 t per 

year in the 1970s to about 700,000 t per year in 1998–2002. The main exporters in 

1998–2002 were Australia (192,000 t per year), Mexico (155,000 t), Turkey (114,000 

t), Canada (85,000 t) and Iran (75,000 t). Ethiopia exported about 50,000 t in 2002, 

but insignificant amounts in 1998–2001. Tanzania exported about 20,000 t in 2002  
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Fig. 1.1 – Share of different countries in chickpea cultivation. 

 

                                                                            

 
 

 

 

 

 

 

 

 

 

 

 

Fig. 1.2 – Share of different countries in chickpea production. 

 

 

 

 

 

 

                    

 

 

 

 

 

 

     

 

   Source: AICRP on chickpea- Project Co-ordinator‟s Report 2009-10 (Retrieved on 11 July, 2011) 

 

 

 



                                                                                                                 Introduction  

 

 

                                                                                                                                     12  

 

 

 

Table 1.1 : Top ten chickpea producing countries in the world (11 June, 2008)  

 

 

 

 

                              

 

 

 

 

        

 

 

 

 

 

 

 

 

 

      

                 

 

 

 

 

           Source: UN Food & Agriculture Organization (FAO), 2008 (Retrieved on 11 May, 2011) 

 

 

 

Sr. No. Country 
 

Production 

(tonnes) 

1. India 5,970,000 

2. Pakistan 842,000 

3. Turkey 523,000 

4. Australia  313,000 

5. Iran 310,000 

6. Myanmar 225,000  

7. Canada 215,000 

8. Ethiopia 190,000 

9. Mexico 165,000 

10 Iraq 85,000  

*** World total 9,000,000  

http://www.gardenology.org/wiki/UN_Food_&_Agriculture_Organisation
http://en.wikipedia.org/wiki/Myanmar
http://en.wikipedia.org/wiki/Iraq
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and less than 10,000 t per year in 1998–2001. The main importers in this period were 

India (183,000 t per year), Pakistan (98,000 t), Spain (57,000 t), Algeria (43,000 t) 

and Bangladesh (40,000 t). Imports into sub-Saharan Africa were very low. 

(www.prota.org). 

The world‟s total production of chickpeas hovers around 8.5 million metric 

tons annually and is grown over 10 million hectares of land approximately. Regarding 

the consumption pattern, almost all of the chickpea is consumed in the countries 

where it is produced. India is the world leader in chickpea production followed by 

Pakistan and Turkey. The Desi type chickpea contributes to around 80 % and the 

Kabuli type around 20 % of the total production. India is the largest producer of this 

pulse contributing to around 65 % of the world‟s total production. Desi type chickpeas 

largely dominate the production in India. Chickpea is the most largely produced pulse 

crop in India accounting to a share of 40 % of the total pulse crops produced in India.  

Watt (1889) recorded the following information about the yield of chickpea in 

India : 

 

1. Uttar Pradesh: Non-irrigated - 460–750 kg acre
-1

 (sole cropping),  

                                                     550–830 kg acre
-1

 (mixed cropping) 

                            Irrigated - 1100 kg acre
-1

 (sole), 1300 kg acre
-1

 (mixed)    

                                                                          

2. Central India: 1000 kg acre
-1

 

3. Gujarat: 1120 kg acre
-1

 

4. Maharashtra: 740 kg acre
-1 

Chickpea is grown in the drier areas of India as such areas are best suited for 

its production. Major chickpea producing states in India are Madhya Pradesh, Uttar 

Pradesh, Rajasthan, Maharashtra and Andhra Pradesh. Madhya Pradesh produces the 

major share of around 40 % in the Indian production of around 6 million tons. Uttar 

Pradesh and Rajasthan follow Madhya Pradesh contributing to 16 % and 14 % of 

production respectively. Since 1990, a rise in the productivity of chickpea in India has 

been observed from 614 kg per acre to 735 kg per acre. In Maharashtra, area under 

cultivation, total production and yield show a progressive increase from 1950- 2008 

(AICRP on chickpea- Project Co-ordinator‟s Report 2009-10).  

http://www.prota.org/
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1.3.9   Botany:  

Chickpea is an annual herb. The plant grows to a height between 20 and 

50 cm. Chickpea plants have a strong tap root with 3-4 rows of lateral roots. The roots 

grow 1.5-2.0 m deep. Stem is erect, branched, viscous, hairy, terete, herbaceous green 

and solid. The branches are usually quadrangular, ribbed and green. There are 

primary, secondary and tertiary branches. Chickpea leaves are petiolate, compound 

and uni-imparipinnate. The rachis is 3-7 cm long with groove on its upper surface. 

Each rachis supports 10-15 leaflets, each with a small petiole. The leaflets end at the 

sub-terminal position. This indicates the presence of two terminal leaflet buds, one of 

them being aborted or transformed into foliar shoot which is sometimes quite large. 

The leaflets are 8-17 mm long and 5-14 mm wide, opposite or alternate with a 

terminal leaflet. They are serrated. The shape of the leaflet is obovate or elliptical with 

a basal or top portion cuneate or rounded. Leaves are pubescent. Stipules are ovate to 

triangular in shape and serrated (2-6 teeth). They are 3-5 mm long and 2-4 mm wide. 

The flowers are stalked, solitary and axillary, complete and bisexual. They are white, 

pink, purple or blue in colour. Sometimes there are 2-3 flowers on the same node. 

Such flowers possess both pedicel and peduncle. Calyx is dorsally glabrous at the 

base. Calyx tube is oblique with five sepals having deep lanceolate teeth. Flowers are 

polypetalous with five free petals and consist of standard (vexillum), wings and keel. 

There are 10 stamens in diadelphous, (9) +1 condition. Filaments of 9 stamens are 

fused while anthers are free, dithecous, basifixed and upturned. Anther of single 

separate stamen is dorsifixed and ovate. Gynoecium is with unilocular, 

monocarpellary superior ovary. Style is linear, upturned and glabrous except at 

bottom, while the stigma is globose and capitate. Ovary shows one, two or maximum 

three ovules in marginal placentation. Anthesis takes place inside the bud one day 

before the opening of flower. Flowers are self pollinated. Pod formation begins 5-6 

days after fertilization. The pod is typically inflated like bladder, rhomboid or 

ellipsoid in shape and densely clothed with glandular hairs. The number of pods per 

plant varies between 30-150 depending on the environmental conditions and the 

genotype. Chickpea seeds have a seed coat, two cotyledons and an embryo. The seed 

coat consists of testa, tegmen and a hilum.  
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PHOTOPLATE -  II 

Morphology of chickpea 
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1.3.10   Ecology : 

Chickpea is a self-pollinated crop. Cross-pollination is rare, only 0-1 % is 

reported (Singh, 1987).  According to Smithson et al. (1985) it is mostly grown as a 

rainfed, cool-weather crop or as a dry climate crop in semi-arid regions. Optimum 

conditions include 18-25°C day and 5-10°C night temperatures and annual rainfall of 

600-1000 mm. It thrives on a sunny site in a cool, dry climate on well-drained soils 

and grows on a residual moisture in the post-rainy seasons of sub tropical winter or 

spring of the northern hemisphere. Frost, hailstones, and excessive rains damage the 

crop. Though sensitive to cold, some cultivars can tolerate temperatures as low as -

9.5°C in early stages or under snow cover. Daily temperature fluctuations are desired 

with cold nights with dewfall. Relative humidity of 21-41 % is optimum for seed 

setting. Chickpea is grown on heavy black or red soils (pH 5.5-8.6) but it does best on 

fertile sandy loam soils with good internal drainage. Good drainage is necessary 

because even short periods of flooded or waterlogged fields reduce growth and 

increase susceptibility to root and stem rots. Although chickpea is considered as a 

day-neutral plant, it is a quantitative long-day plant but flowers in every photoperiod. 

1.4  CULTIVATION  

In India, chickpea is always grown as a Rabi crop, mixed with jowar, wheat, 

barley, linseed and mustard. Proper cultivation practices support the qualitative and 

quantative enhancement in yield.  

1.4.1   Seedbed preparation  : 

A firm, smooth seedbed with most of the previous crop residue incorporated is 

the best. This will allow proper depth of planting as well as good seed-soil contact, 

which is essential for rapid germination and emergence. If moisture is short, tillage is 

kept to a minimum to prevent excessive drying in the top 5 to 8 cm. of soil.  

1.4.2   Seeding date : 

Chickpea is a cool season species and is frost tolerant at seedling stage. So 

seeds should be planted in early to mid-November when the small grains are planted. 

Later planting dates result in shorter plants, fewer yields and late maturity of late 
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formed flowers and pods. Flower and pod abortion rates increase if flowering and pod 

set coincide with the hottest and driest weather pattern.  

The date of sowing has a profound influence on the crop performance because 

it determines the kind of environmental conditions to which the various growth stages 

of crop will be exposed. A significant variation in chickpea varieties due to variation 

in sowing was recorded by Kumar et al. (1983). 

1.4.3   Sowing : 

 Inadequate stand is one of the major factors responsible for low yield under 

field condition. Use of good quality seeds, proper plant spacing, proper method and 

depth of seeding are important for adequate plant stand and future yield. Sowing 

chickpea under rainfed conditions is mainly determined by the availability of 

conserved moisture in the seeding zone. In rainfed condition, sowing should be done 

in the first fortnight of October (Panwar et al., 1980). If adequate moisture is available 

in the seeding zone, sowing in the second fortnight may ensure better crop.  

1.4.4   Method of  seeding : 

Chickpeas can be planted at row spacing between 30- 45 cm. Seeds should be 

dropped at a distance of 12-15 cm apart along the row. Seeds should be sown at the 

depth of 10 -12 cm. in sandy loam and loam soil. If the soil moisture for germination 

is not much limited, a depth of 5-6 cm. seems to be ideal for the emergence. Use of 

drill or planter which can deliver the chickpea seed without damage gives better 

results. Good seed-soil contact should be ensured with a press wheel if possible. 

Before sowing, the desi type of seeds can be treated with carbendazim (Bavistin®) at 

1.5 g kg
-1

seed (Thomas and Vyas, 1984). Faster germination and higher production 

without any adverse effect on nodulation can be obtained if the seeds are treated with 

a combination of Quintozene and Thiram at 1.5 g kg
-1

seed (Bhattacharya and 

Sengupta, 1984). 

1.4.5   Weed control : 

 The chickpea crop is more sensitive to weed competition than many other 

crops. The first 4-6 weeks are most critical and weed competition reduces the grain 

yield by 40-90 % depending upon the type and intensity of weed flora. In India 
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Chenopodium album, Melilotus indica, Lythyrus aphaca, Medicago denticulate, 

Trigonella polycerata, Polygonum plebijum, Asphodelus tenuifotius, Anagallis 

arvensis, Trichodesma indicum are the common weeds seen in chickpea fields. 

  In order to control the weeds in chickpea field, weeding by mechanical 

method is done by hand chisel (khurpi), hand hoe, wheel hoe etc.  by the Indian 

farmers. Two hand weedings (3-4 weeks and 6-8 weeks) after sowing should be done. 

Under delayed irrigation, third weeding should be done during 9-12 weeks after 

sowing. Use of herbicides is also effective in controlling the weeds. Commonly used 

herbicides are Terbutryn, Trifluralin, Prometryn, Methabenzthiazuron and Alachlor. 

1.4.6   Diseases and pests 

Chickpea is most commonly infected by a fungus Fusarium oxysporum 

causing the plant to wilt and Ascochyta blight caused by Ascochyta rabiei which is 

the most serious disease in North India, Pakistan, the U.S. and the Middle East, 

sometimes causing l00% losses (Smithson et al., 1985). Blight causes brown spots on 

leaves, stems, pods and seeds (Kaiser, 1992). Other fungi known to attack chickpea 

include Alternaria sp. (leaf spot), Uromyces ciceris-arientini (rust), Botrytis cinera 

(gray mould), Pythium debar-yanum, P. ultimum (powdery mildew), Rhizoctonia 

bataticola, R. solani, (dry root rot), Sclerotium rolfsii, Sclerotinia sclerotiorum (foot 

rot) and Verticillium albo-atrum (wilt). Viruses isolated from chickpea include alfalfa 

mosaic, pea enation mosaic, pea leaf roll, pea streak, bean yellow mosaic, and 

cucumber mosaic (Duke, 1981; Kaiser, 1988; Smithson et al., 1985). 

According to the wide spread survey made by ICRISAT, in India, three 

diseases seem to predominate. These are stunt (cause considered to be a virus), wilt 

caused by Fusarium oxysporum, and root rot caused by Rhizoctonia ataticola. Other 

causes of drying / wilting include fungi such as F. solani, R. solani, Sclerotium olfsii, 

Sclerotinia sclerotiorum, Operculella padwickii, a mosaic virus, termites, root-knot 

nematode, lack of moisture, salinity and frost damage. 

Erwin and Snyder (1958) considered virus yellows and Fusarium wilt to be the 

most serious and widespread. Symptoms of both diseases in chickpea consist of 

yellowing and wilting of the foliage and death of infected plants because chickpea 

leaves, stems and pods are heavily pubescent with glandular hairs that secrete malic 
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PHOTOPLATE – III 

Some common diseases of chickpea 

             

                 
       

             
 

 

 

         Root rot on mature root                              Chickpea stunt                                                                                 

 

 

   Botrytis grey mould on flowers                 Ascochyta blight on pods 

 

       Ascochyta lesions on leaf                      Ascochyta blight on leaf 
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PHOTOPLATE – IV 

 

Some common pests of chickpea 

 
     

            
 

                      

   
 

                                                                                            

             

 

 

   Pod borer (Helicoverpa armigera)                           Dammaged pods  

 

 Bruchid sp.- serious storage pest                         Dammaged seeds        

 

        Armyworm (Spodoptera spp.)                        Dammaged leaves  
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and oxalic acid. Several viral diseases (transmitted by aphids) have occasionally been 

reported in chickpea fields in Washington and Idaho (Oplinger et al., 1990).  

Pod borer (Helicoverpa armigera), the most important pest feeds on leaves 

and developing seeds (Smithson et al., 1985). Cutworms (Agrotis sp.), armyworms 

(Spodoptera exigua) and leaf minor, groundnut aphid (Aphis craccivora), pea aphid 

(Acyrthsosiphon pisum), cowpea bean seed beetle (Callosobruchus maculatus), and 

Adzuki bean seed beetle (C. chinensis) are also important. Many storage insects 

specifically Bruchid sp. is a serious pest of stored chickpea. Chickpeas stored as dhal 

harbor fewer bruchids. Callosobruchus chinensis lowers seed viability. For control of 

bruchids, dusting with BHC, DDT, derris, Lindane, or Pyrethrum or fumigation with 

methyl bromide, have been recommended (Duke, 1981).  

1.4.7   Abiotic  stress :  

  Among the abiotic factors, drought stands to be the number one problem in 

major chickpea growing regions because the crop is grown on residual moisture and 

the crop is eventually exposed to terminal drought (Johansen et al., 1994). In west 

Asia and North African countries, low temperature causing freezing injury or death or 

delayed onset of podding reduces yield tremendously (Singh, 1987). Heat and salinity 

problems are relatively important following drought and cold stresses (Singh et al., 

1994). 

Maturing desi chickpea subjected to heat or drought stress can exhibit red to 

purple leaves, stems and pods. This purpling is a result of an accumulation of 

naturally occurring plant pigments called anthocyanins. This colour change often 

occurs on the side of the plant facing the sun, and has not been found to negatively 

affect yield or quality of the grain beyond that caused by heat and drought stress.  

1.4.8   Harvesting : 

Chickpea can be harvested directly depending upon uniformity of maturity and 

weed problems. About one week of good drying weather is required at harvestation. 

Chickpea can be harvested when the plants are yellowing and the pods are showing 

their mature color. This should be done when the plants are slightly damp to facilitate 

harvesting the crop without yield loss. Seed color is important. Buyers prefer a 

yellowish-cream colour, so greenish and brown seeds are generally unacceptable.  
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1.4.9   Drying and storage : 

Drying is the most efficient and economical measure taken to save the grains 

from spoilage. Traditionally, farmers spread the grains on the ground as a thin layer 

under sun, but this is not considered as good. Mechanical dryers either operated with a 

liquid fuel or with solar energy developed at Indian Grain Storage Institute, Hapur 

should be used for drying purposes. Moisture content should be just around 10 to 12% 

to prevent insect and / or disease outbreaks in storage. Storage system should be 

carefully fumigated before storing chickpea and all storage areas should be monitored 

regularly to identify potential problems like infection of bruchids. 

1.4.10   Economical uses   

Pulse legumes provide protein rich food for man and livestock. Chickpea is 

valued for its nutritive seeds with high protein content up to 25.3 - 28.9 % (Hulse, 

1991). Chickpea seeds are eaten fresh as green vegetables, parched, fried, roasted, and 

boiled and is used as snack food, sweet and condiments. It is served as a side dish      

(Saxena et al., 1990). The split chickpea without its seed coat (dal) is dried and 

cooked into a thick soup or ground into flour for snacks and sweetmeats (Saxena et 

al., 1990, Hulse, 1991). Sprouted seeds are eaten as a vegetable or added to salads. 

Young plants and green pods are eaten like spinach. A small proportion of canned 

chickpea is also used in Turkey and Latin America, to produce fermented food. An 

adhesive may also be prepared; although not water-resistant, but suitable for plywood. 

Chickpea husks, green or dried stems and leaves are used for stock feed; whole seeds 

may be milled directly for feed. Leaves are said to yield an indigo like dye. Glandular 

secretion of the leaves, stems, and pods consists of malic and oxalic acids, giving a 

sour taste. In India, these acids are used to be harvested by spreading thin muslin cloth 

over the crop during the night. In the morning, the soaked cloth is wrung out, and the 

acids are collected in bottles. These acid exudates from the leaves can be used like 

vinegar. Chickpeas yield 21 % starch suitable for textile sizing, giving a light finish to 

silk, wool, and cotton cloth (Duke, 1981). Chickpea can act as soil fertility restorer in 

cropping system due to its ability to fix atmospheric nitrogen. It leaves a sustainable 

amount of residual nitrogen. The inclusion of legumes in intensive cropping system 

not only restores the soil fertility but also increases farmer‟s profitability.  
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 1.4.11  Medicinal uses 

Chickpea is a good source of cholesterol-lowering fiber. In addition to 

lowering cholesterol, high fiber content in chickpea prevents blood sugar levels from 

rising too rapidly after a meal. This makes chickpea as a good choice for individuals 

suffering from diabetes. Chickpea provides virtually fat-free high quality protein. It is 

a good source of thymine and lysine. The chickpea-supplemented diet provides 

slightly less protein and fat, and more carbohydrate than the wheat-supplemented diet. 

It results in a significant drop 3.9 % in total cholesterol, which is largely due to a     

4.6 % drop in LDL („bad‟ cholesterol). Among the food legumes, chickpea is the most 

hypocholesteremic agent. Germinated chickpea was reported to be effective in 

controlling cholesterol level in rats. (Geervani, 1991). 

 Glandular secretion of the leaves, stems, and pods consists of malic and 

oxalic acids and gives a sour taste. The acids are collected in bottles. Their medicinal 

applications include use for aphrodisiac, bronchitis, catarrh, cutamenia, cholera, 

constipation, diarrhea, dyspepsia, flatulence, snakebite, sunstroke and warts. Acids are 

supposed to lower the blood cholesterol levels. Seeds are considered antibilious i.e. 

prevent excess secretion of bile (Duke, 1981).  

 Chickpeas‟ contribution to heart health is because of their fiber and the 

significant amounts of folate and magnesium they supply. Folate helps to lower levels 

of homocysteine, an amino acid that is an intermediate product in an important 

metabolic process called the methylation cycle. Elevated blood homocysteine level is 

an independent risk factor for heart attack, stroke, or peripheral vascular disease. 

These diseases are found in 20-40 % of heart patients. It has been estimated that 

consumption of 100% of the Daily Value (DV) of folate would itself reduce the 

number of heart attacks. Just one cup of cooked chickpea provides 70.5% of the DV 

for folate. Supply of magnesium by chickpeas is also important because of its 

beneficial cardiovascular effects. Magnesium is the nature's own calcium channel 

blocker. Because of presence of enough magnesium around, veins and arteries 

breathe a sigh of relief and relax which lessens resistance and improves flow of 

blood, oxygen and nutrients throughout the body. It has been found that a deficiency 

of magnesium immediately following a heart attack, promotes free radical injury to 

the heart (www.whfood.org  retrieved on - 9/3/2011) 

 

http://www.whfoods.com/genpage.php?tname=nutrient&dbid=63
http://www.whfoods.com/genpage.php?tname=nutrient&dbid=75
http://www.whfoods.com/genpage.php?tname=nutrient&dbid=75
http://www.whfood.org/
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Table 1.2 - Nutritional value of mature chickpea seeds (per 100 g) 

(cooked without salt) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  Energy                                       164 kcal   686 kJ 

Carbohydrates 27.42 g 

Sugars 4.8 g 

Dietary fiber 7.6 g 

Fat 

-saturated 

-monounsaturated 

-polyunsaturated 

2.59 g 

0.269 g 

0.583 g 

1.156 g 

Protein 8.86 g 

Water 60.21 g 

Vitamin A equiv.   1 μg 

Thiamine (Vit. B1)   0.116 mg 

Riboflavin (Vit. B2)   0.063 mg 

Niacin (Vit. B3)  0.526 mg  

Pantothenic acid (B5)  0.286 g 

Vitamin B6   0.139 mg 

Folate (Vit. B9)   172 μg 

Vitamin B12   0 μg 

Vitamin C   1.3 mg 

Vitamin E   0.35 mg 

Vitamin K   4 μg 

Calcium   49 mg 

Iron   2.89 mg 

Magnesium   48 mg 

Phosphorus   168 mg 

Potassium   291 mg   

Sodium   7 mg 

Zinc  1.53 mg 
 

Source: USDA Nutrient database (retrieved on 11/5/2011) 

http://en.wikipedia.org/wiki/Carbohydrate
http://en.wikipedia.org/wiki/Dietary_fiber
http://en.wikipedia.org/wiki/Fat
http://en.wikipedia.org/wiki/Saturated_fat
http://en.wikipedia.org/wiki/Monounsaturated_fat
http://en.wikipedia.org/wiki/Polyunsaturated_fat
http://en.wikipedia.org/wiki/Protein#Nutrition
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Vitamin_A
http://en.wikipedia.org/wiki/Thiamine
http://en.wikipedia.org/wiki/Riboflavin
http://en.wikipedia.org/wiki/Niacin
http://en.wikipedia.org/wiki/Pantothenic_acid
http://en.wikipedia.org/wiki/Vitamin_B6
http://en.wikipedia.org/wiki/Folate
http://en.wikipedia.org/wiki/Vitamin_B12
http://en.wikipedia.org/wiki/Vitamin_C
http://en.wikipedia.org/wiki/Vitamin_E
http://en.wikipedia.org/wiki/Vitamin_K
http://en.wikipedia.org/wiki/Calcium#Nutrition
http://en.wikipedia.org/wiki/Iron#Nutrition_and_dietary_sources
http://en.wikipedia.org/wiki/Magnesium_in_biological_systems
http://en.wikipedia.org/wiki/Phosphorus#Biological_role
http://en.wikipedia.org/wiki/Potassium#Potassium_in_the_diet_and_by_supplement
http://en.wikipedia.org/wiki/Sodium_chloride
http://en.wikipedia.org/wiki/Zinc
http://www.nal.usda.gov/fnic/foodcomp/search/
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Menstruating women are mostly at the risk of iron deficiency. Boosting iron 

stores with chickpeas is a good idea for them especially because; unlike red meat 

(another source of iron) chickpeas are low in calories and virtually fat-free. Iron is an 

integral component of hemoglobin, which transports oxygen from the lungs to all 

body cells, and is also a part of key enzyme systems for energy production and 

metabolism.  Pregnant or lactating woman have an increasing need for iron. Growing 

children and adolescents also have increased needs for iron which can be fulfilled by 

the diet supplementation with chickpeas. In Chile, a cooked chickpea and milk in 4:1 

ratio, is used for feeding infants and for controlling diarrhea effectively. 

(www.whfood.org retrieved on - 9/3/2011) 

Chickpeas are an excellent source of the trace mineral manganese, which is an 

essential cofactor in a number of enzymes important in energy production and 

antioxidant defenses. For example, the key oxidative enzyme superoxide dismutase, 

which disarms free radicals produced within the mitochondria, requires manganese. 

Just one cup of chickpeas supply 84.5% of the daily value for this very important 

trace mineral. These nutty flavored beans are a good source of protein. When 

combined with a whole grain such as whole wheat, pasta or brown rice provide 

protein comparable to that of meat or dairy foods without the high calories or 

saturated fats found in these foods. Protein from this versatile legume also helps to get 

the blood sugars stabilized and heart health benefits due to soluble fiber provided by 

these. (www.whfood.org retrieved on - 9/3/2011) 

 1.4.12   Germplasm  

Chickpea germplasm is maintained at two international centers (ICRISAT in 

India and ICARDA in Syria) and national centers including the Vavilov institute in 

Russia, the USDA-ARS Regional Plant Introduction Station at Pullman in the U.S. 

and other gene banks. Tremendous variation for economically important traits has 

been documented and improved cultivars have been developed and released. 

Variation for flower, seed colour, size, growth duration, yield, biomass, disease 

resistance and quality traits (cooking time, amino acid content, flatulence and 

digestibility) are recorded. 'Kabuli' type chickpeas (Mediterranean and Middle Eastern 

origin) generally have the largest seeds, and grow well under irrigation. Desi 

chickpeas (Indian distribution) have smaller seeds, and yield better in Indian 

subcontinent, Ethiopia and often elsewhere. Hybrids between Kabuli and Desi have 

http://www.whfood.org/
http://www.whfood.org/
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produced strains with medium-size seeds and fair yields. The bulk of chickpeas grown 

in developing countries are from unselected land races. Germplasm with resistance to 

major diseases has been identified and genes for important diseases have been named 

(Muehlbauer and Singh, 1987).  

1.5    ORGANIC FARMING 

           Organic farming aims to encourage and enhance biological cycles within the 

farming system involving micro-organisms, soil flora, soil fauna, plants and animals. 

Organic farming relies on developing biological diversity in the field to disrupt habitat 

for pest organism and the purposeful maintenance and replenishment of soil fertility. 

This is accomplished by using, wherever possible, agronomic, biological and 

mechanical methods, as opposed to using synthetic materials, to fulfill any specific 

function within the system. It needs certification essentially. 

1.5.1   Concept : 

           Organic farming is a production system that avoids or largely excludes the use 

of synthetically produced agricultural inputs like fertilizers, pesticides, growth 

regulators and livestock feed additives. It relies on crop rotation, animal manure, 

legumes, green manures, crop residues, organic wastes to maintain soil and tilth to 

supply plant nutrients and biological control of insects, pests and weeds. It is a 

farming based on integral relationship between soil, water, microbes, animals, plants 

and atmosphere. This means the basic principle of organic farming is to enhance the 

natural biological cycles in soil.  

Organic farming does not mean just the simple replacement of synthetic 

fertilizers and other chemical inputs with organic inputs and biologically active 

formulations. Instead, it emphasizes a comprehensive management approach to 

improve the health and productivity of the soil. In healthy soil, the biotic and abiotic 

components including organic matter, soil and water exist in dynamic equilibrium and 

regulate the ecosystem processes in mutual harmony by complementing and 

supplementing each other. When soil health is considerably improved, the population 

of soil fauna and flora multiplies rapidly. It automatically sustains the biochemical 

process of dissolution and synthesis at a high rate. The health of soil and the 

associated organic transformations enhance the regeneration capacity of the soil. 
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1.5.2   History : 

            Organic farming is an age old practice in India. In ancient literature such as 

Righveda (c. 5500 BC), the use of animal dung as manure was emphasized. 

Atharvaveda indicated the importance of green manure which was practiced before 

1000 B. C. Kautilya‟s Arthashastra (321–296 BC) recorded manures like oil cakes, 

excreta of animals etc. In ancient India, the farming system was based on sustainable 

use of soil, eco-system and people. It relied on ecological processes, biodiversity and 

biological cycles adapted to local conditions.             

The principle followed in organic farming allows nature to provide us the food 

in its pre-decided original natural form. Since soil is having the prime importance, 

farmers nourish the soil and its biotic environment. They never forcibly feed the 

plants with chemicals to grow unnaturally fast. Even the farmers of ancient India are 

known to have evolved nature friendly farming practices. They considered the Earth 

as a living being. Agriculture was not developed just as a production system, but as a 

culture. Great attention was paid to agricultural technologies and agronomic practices. 

Genetic diversity, crop rotation and mixed cropping systems brought it to 

sophistication.  

Evolution of the concept of farming has been best illustrated in Kautilya's 

Arthashastra, Panini's Astadhyayi, Patanjali's Mahabhashya and Varahamihira's 

Brihat Samhita. The sage Parasara in Krishi Parashara (10
th

 century) stated that the 

"life of farmers is solely dependent upon the microbes present in the soil."  

. The organic movement began in the 1930s and 1940s as a reaction to growing 

reliance on synthetic fertilizers. Looking at the ill effects of use of chemical fertilizers 

and pesticides and the problem of residual pesticides, the awareness regarding 

environmental pollution increased among people.  

In 1972, the International Federation of Organic Agriculture Movements 

(IFOAM) was established. The consumers became health conscious and they were 

ready to pay fare prices for organic food products. In addition, the governments 

started giving subsidies to farmers for converting conventional farming into organic 

farming.  

1.5.3  Need : 

           Increase in fertilizer consumption has significantly contributed to the 

sustainable production of food grains but at the same time many health problems have 
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surfaced in the last three decades. The NPK consumption has increased from 0.7 lakh 

to 167 lakh million tonnes since 1951-52. 

Indian agriculture is facing a serious problem of soil degradation, air and 

water pollution, salinity of soil etc. after Green Revolution. As per the report of 

National Commission on Agriculture, India (1975), out of 328 million hector land 

under agriculture, in 150 million hector land there is critical decrease in productivity, 

50 million hector land is eroded, while remaining 119 million hector land is infertile. 

This is because of the non-judicious use of synthetic fertilizer like urea which 

increases the soil pH and obstructs crop plants from absorption of soil nutrients. Urea 

is popularly used by farmers as an instant source of nitrogen for crop. The conversion 

of urea to nitrate takes place as follows. 

Biurate 

             2H2O 

Urea                  Ammonium carbamate        Ammonium carbonate        Ammonia 
                                             (unstable)                                                                                               (liquid) 

                                                                                        Nitrosomonas 

Ammonium Cynate                                   3O2                              3H2O + CO2 

                                                                   Nitrous acid (HNO2) 

                                                             2O2               Nitrobacter 

                                                                     Nitric acid (HNO3) 

 Traditionally after fertilization with urea, field is well irrigated as water is 

required for conversion of urea into ammonium carbonate. During the conversion of 

urea in to nitrate, it needs five molecules of oxygen and aerobic microbes like 

Nitrosomonas and Nitrobacter. Two molecules of water are used while three 

molecules are released in soil along with CO2. It causes water logging and oxygen 

deficiency in rhizosphere zone. Even three hour water logging causes root mortality 

and 24 hours water logging causes 50% decrease in yield of pea (Taiz and Zeiger, 

2002). Due to lack of oxygen and accumulation of CO2 in the rhizosphere zone, root 

cells can not respire aerobically and they have to respire anaerobically resulting in 

decreasing trend in energy generation from 686 to 56 K Cal.from one hexose sugar 

molecule. In absence of oxygen, ammonium carbonate is not converted into nitrate 
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but gets concentrated in soil making it saline, compact, and infertile. Such soils loose 

their water holding capacity, soil porosity and soil microflora. As advocated by 

Muehlig et al. (1997), the oxygen requirement of soil microbes is four times greater 

than that of root cells. The soil amendment using oxygenated peptone is an 

innovative, safe, eco-friendly technique beneficial for quantitative and qualitative 

enhancement in yield of crop under organic farming condition. 

 The immense commercialization of agriculture has also had a very negative 

effect on the environment. The pesticide problem is multiplying in India because 

many pesticides banned abroad are manufactured / dumped and sold freely here. 

These pesticides are not bio-degradable, highly toxic and find their way into ground 

water and water bodies, contaminating them and making them unfit for drinking 

purposes. The use of pesticides has led to enormous accumulation of chemicals in our 

environment, in soil, water, air, in animals and even in our own bodies. Fertilizers 

have a short-term effect on productivity but a longer-term negative effect on the 

environment where they remain for years after leaching and running off, 

contaminating ground water and water bodies. The use of hybrid seeds and the 

practice of monoculture just for the sake of productivity have led to a severe threat to 

local and indigenous varieties, whose germplasm can be lost for ever.  

 The gravity of environmental degradation has drawn the attention of the 

scientists and planners towards finding out ecologically sound, viable and sustainable 

farming systems keeping in the view of the needs of present and future generations. 

The consumers in developed and developing countries have now become more health 

couscious and they have started spending in natural food material (green food).  

Organic farming is aimed to build up the soil health, because the continued use of 

different organo-chemicals depletes the soil health. In legume based cropping 

systems, phosphate fertilizers are added mainly to promote the nitrogen fixation by 

the legumes. Organically, phosphate can be made available to the crop-plants by the 

application of manure like compost. The green-manure crop supplies organic matter 

as well as additional nitrogen, particularly if it is a legume crop, having the ability to 

fix nitrogen from the air with the help of Rhizobia in the root nodules.  

 Meleca (2008) argued that organic agriculture, with its emphasize on closed 

nutrient cycles, biodiversity and effective soil management, has the capacity to 

mitigate and even reverse the effects of climatic changes. In the view of this situation, 
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in recent years, organic farming has been considered to be a viable option for 

conventional farming in most of the countries. 

1.5.4   Economic benefits : 

 Reduction in the use of external inputs and increase in output of organic 

produces with greater potential to benefit the health of farmers and consumers. 

  More productivity through the incorporation of natural processes like natural 

cycles, nitrogen fixation and pest-predator relationship into the agricultural 

production process.  

 Greater productive use of the biological and genetic potential of plant and 

animal species.  

 Long term sustainability at production levels.  

 Profitable and efficient production with emphasis on improved management 

and conservation of soil, water, energy and biological resources. 

1.5.5   Ecological benefits : 

 Organic farming is much better for the environment as the energy 

consumption is much less than in the chemical farming.  

 It uses less manurial inputs and completely avoids the synthetic fertilizers 

which otherwise pollute the soil, water and air.   

 It promotes biodiversity and a great variety of interactions of animals and 

plants on earth.  

 Organic farmers focus on preserving the habitats of all species and their 

surrounding environment inc1uding the air and water.  

 Organic farming releases much less carbon dioxide than other farming system 

 1.5.6   Social benefits : 

 Organic farming practices can be adopted in small farms and benefit marginal 

farmers.  

 It could reduce dependency on external inputs and costly technologies thus 

reducing the competitiveness and disparity among the farmers in a 

community.  

 It will also lead to food security at the family level and national level.  

 Organic farming is revival of a culture and brings back the indigenous 

knowledge, beliefs and value system that are almost on extinction now. 

  It also contributes to employment generation at the community level. 
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 1.5.7   Organic farming in India : 

The traditional wisdom gained and practices adopted by Indian farmers were 

passed down through generations and became ingrated in the cultural outlook of the 

society. Even today the belief system, the myths, rituals and religious festivals of the 

Indians encompass these principles of soil, plant and animal health. The practices of 

seed selection, soil fertility and biodiversity are interwoven in the belief system. 

These practices were observed and documented by Sir Albert Howard (1873-1947), a 

British Botanist and an organic farming pioneer. He was the principal figure in the 

early organic movement and was acknowledged as the Father of Modern Organic 

Agriculture. He worked in India as Agricultural Advisor. He observed and supported 

the traditional Indian farming practices over those of modern agricultural science. 

Actually, he came to India to teach Western agricultural techniques but he found that 

the Indians could in fact teach him more. One important aspect that he noticed was the 

connection between healthy soil and the healthy populations, livestock and crop in 

villages.  

He documented and developed organic farming techniques and spread his 

knowledge through the UK-based Soil Association and the Rodale Institute in the US. 

His book, An Agricultural Testament, is a classic text on organic farming. His work 

influenced and inspired many farmers and agricultural scientists to become a part of 

the organic movement.  

In the past five decades, the traditional knowledge and organic principles were 

eroded because of the influx of modern scientific agriculture. However, this 

knowledge has been sustained by some Indian communities especially in the Tribal 

and dryland areas. These areas are categorised as "organic by default". Such areas 

have come into focus after recent Government policy. Thousands of acres of land is 

cultivated by farmers in organic way. Their produce is either sold in the open market 

along with conventionally grown produce at the same price or at a nominal premium. 

Sometimes they sell their produce purely on goodwill and trust as "organic" through 

selected outlets. These farmers are unable to get certification because of the costs 

involved as well as the extensive documentation that is required by certifiers. 

           The indiscriminate use of fertilizers and plant protection chemicals has 

increased the yield potential and saved the crops from insect pests and diseases 

respectively. No doubt, it has multiplied our total food production, but it has also 

created a number of health hazards and deteriorated the soil health and agro-
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ecosystem badly. This situation has compelled us to switch over to organic farming to 

cultivate crops for healthy and safer foods.  

The Indian domestic organic market is growing consistently. There are about 

2000 organic shops through out the country and more than 15 companies in retail 

trade have a spectrum of 200 products. Indians are well aware of the ricks associated 

with conventional products. Indian consumers are therefore very interested in organic 

products and naturally the demand is increasing accordingly. As per Bio Fach (a trade 

fair, 2012), some federal states like Bihar (20 million US dollars), Karnataka (50 

million US dollars) and Sikkim (20 million US dollars) have special budgets for 

organic farming.  The central Government with the Ministry of Agriculture also 

supports the development of organic farming financially. According to a study of 

Monarka foundation in 2010, the inland market for organic products is currently 

estimated at 543 million US dollars. 

Organic farming is a way of life as much as it is a method of farming. The 

profitability of organic farms depends on higher prices that their products command in 

the market. 25 % of India‟s total cultivable area is irrigated and remaining 75 % is 

rain fed. In rain fed area, synthetic fertilizers are less used. North-eastern region of 

India provides considerable scope and opportunity for organic farming due to least 

utilization of chemicals in fields. In Tamil Nadu, basmati rice has been cultivated 

under organic farming during the dry season (May-September) with profit. This area 

includes 18 million hectares of land.  At present the country lacks a systematic 

research and development programme for sustaining agricultural systems through 

organic farming practices. 

1.5.8   Scope :  

Today, the organic food production is drawing attention globally. Global 

consumers are increasingly looking for organic food, which is considered safe, and 

hazard free. The demand of organic foods is growing by leaps and bounds especially 

in the developed countries. A study shows that the global market for organic food is 

expected to touch $ 23 to $ 25 billion by 2003 and $ 29 to $ 40 billion by 2007. 

Countries which are opting for organic foods are Austria, Belgium, Denmark, France, 

Germany, Ireland, Italy, Netherlands, Sweden, Norway, Czech Republic, Estonia, 

Latvia, Lithuania, US, Canada, Japan and Oceania countries. In the last decade, 

organic farming in India has also attracted a number of farmers. Most of the farmers 

are cultivating organic produce successfully, but still it has to get a momentum. It 
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requires full-fledged support of Government institutions, ICAR research institutes, 

SAUs, NGOs etc.  

The total area under organic agriculture in the world is 17.16 million hectares. 

The organic food movement is gaining ground in Europe and America where 

populations have accorded preference for organic food as it reduces serious health 

problems. The New Scientist reports that the consumption of organic food may reduce 

the risk of heart attacks and cancer. Expectedly, Indian farmers would penetrate the 

global organic food market with a solid market network facility. The potential of 

organic farming is signified by the fact that the farm sector has abundant organic 

nutrient resources like livestock, water, crop residue, aquatic weeds, forest litter, 

urban, rural solid wastes and agro industries by-products.  

India offers tremendous scope for bio farming as it has local market potential 

for organic products. Absence of local markets for organic products in many of the 

Asian countries brightens India's chances for exporting organic food. It is now the 

responsibility and solemn duty of the leadership to encourage organic farming. 

The government and the exporters should take up this task of locating organic 

farms in the country and encourage them to continue with organic farming. India can 

develop higher sanitary and phytosanitary norms than European countries, if organic 

farming is encouraged and our agricultural exports will not face any problems in  

future. This attempt will bring us in a better position to address the health concerns of 

our people. India has so far allowed only Bt cotton and not any other GM crops. It is, 

therefore in a better position to export its agro produces to European countries, which 

are averse to GM foods. 

              According to Dahama (2007), organically grown food products (Green food) 

catch about 15-25 % higher market price than chemical food items. However organic 

farming lags by 5-15 % in yield than the conventional chemical farming. Kitchen et 

al.
 
(2003) found significantly lower grain yield in organic farming system. Patil et al. 

(2006) reported qualitative and quantitative enhancement in flowering using 

oxygenated peptone and protein hydrolysate under organic farming conditions. The 

organic farming requires intensive research. It needs new methodology for cultivation 

practices as well as investigations of its effects on the metabolism of plant and soil 

micro flora and soil micro-climate. Hence in the present investigation, an innovative 

technique of soil application of peptone and oxygenated peptone is employed which 

fulfils the criteria of organic farming. 
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1.6   PEPTONE 

Peptones are the water-soluble protein derivatives obtained by partial 

hydrolysis of a protein by an acid or enzyme during digestion. They are used in culture 

media in bacteriology. They are the most widely used source of nitrogen in microbial 

media. Some peptones are made by cooking milk or meat products in acid, but most of 

them are made by incubating milk or meat with trypsin, pepsin, or other proteolytic 

enzymes to digest the protein to a mixture of amino acids, peptides, and polypeptides. 

The peptone used in the present investigation is an organic, user-friendly, and eco-

friendly creamy white powder which provides water soluble proteins. Peptone also 

supplies soluble organic nitrogen which favours healthy vegetative growth of plant.  

1.7   OXYGENATED  PEPTONE 

           Chaitanya Biologicals Pvt. Ltd., Malkapur, Dist. Buldhana (M.S.) India has 

introduced the unique concept of soil aeration in 1996 through the invention of 

oxygenated peptone (Photoplate - IV).  

           Oxygenated peptone is the first and best technological innovation, which 

fulfills the oxygen demand of roots and allows them to grow to full extent even in 

oxygen deficient soil. It includes three basic changes in the vicinity of seed / root, 

leading to number of physical, chemical and biological interactions of plant with soil 

and soil microbes. These changes are: improvement in oxygen supply, microbial 

activity and nutritional availability. Oxygenated peptone is a unique solution to the 

oxygen-deprived roots in waterlogged soil, which has the conditioning effect on 

destabilized soil. 

1.7.1    Physico-chemical properties :  

 Chemical name : Oxygenated peptone 

 Trade name         :     Chaitanya 

 Composition        :     Oxygen (100 mg/g) 

                                    Peptone (650 mg/g) 

                                    Soluble silicate based inert filler compound (250 mg/g) 

 Solubility             : Water-soluble 

 Physical form      : Whitish powder 

 Odour                  : No specific odour 

 pH                       : Neutral  
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 Stability               : Bacteriologically stable 

 Toxicity               : Non-poisonous, non hazardous 

 Storage               : Can be stored for more than two years. 

 Compatibility       : Compatible with fertilizers and biological cultures. 

 Working              : Releases oxygen slowly and continuously for 40-50                                   

                          days under moist conditions. 

1.7.2     Dosage :  

1. 1% aqueous solution for pre-sowing soaking treatment to seeds. 

2.  50 g / kg of seeds at the time of sowing for nursery plants. 

3. Booster dose of 5 kg / ha after two months near root zone if required. 

4. 2-10 grams per plant for horticultural trees, floricultural plants and ornamental 

plants depending upon age and crown of the plant. 

5. 5 kg / ha at the time of planting and the same booster dose after three months 

for sugarcane.           

1.7.3    Physiological Role (s) : 

1. Increases germination percentage by preventing the secondary dormancy in 

the seed. 

2. Increases the number and the length of secondary and tertiary roots. 

3. Increases the root mass resulting in better utilization of nutrients. 

4. Induces rapid, early flowering and fruiting with higher yield. 

5. Reduces fruit drop that results from oxygen starvation. 

6. Enables the plant to tolerate water stress because of deeper root zone. 

7. Enables the plant to withstand waterlogged condition. Even three hour water 

logging causes root mortality and 24 hours water logging causes 50% decrease 

in yield in pea (Taiz and Zeiger, 2002). 

8. Enables the plant to absorb and utilize the nutrients available from expanded 

soil strata due to better expanse of roots. 

9. Promotes conversion of ammonia nitrogen to nitrate nitrogen which is readily 

absorbed by roots. 

10. Supports beneficial microbial activity in the rhizosphere by providing aerobic 

atmosphere and food in the form of peptone. 

11. Checks the growth of harmful anaerobic pathogens e.g. Pseudomonas in the 

soil by providing oxygen rich atmosphere. 

12. Confers disease resistance due to presence of silicates in oxygenated peptone. 
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13. Indirectly increases synthesis of cytokinin (which takes place at root apex) by 

increasing number of tertiary roots. 

14. Enhances oxygen-mediated transport of PGA (Phosphoglyceric acid) within 

the plant body. 

1.7.4    Role as soil conditioner :  

1. Increases soil porosity through proper balance between macro-pores and 

micro-pores. 

2. Increases water holding capacity of soil. 

3. Promotes growth of aerobic soil microbe population useful for plant growth. 

4. Represses the growth of anaerobic pathogenic microbes in soil e.g. 

Pseudomonas. 

5. Reduces toxicity caused by reduced metals in soil by oxygenating them. 

6. Corrects the adverse soil properties caused by continuous and excessive use of 

inorganic fertilizers, pesticides and water. 

1.7.5    Role in organic farming:  

1. Principle of “Feed the soil and not the crop” is followed. 

2. Proper soil management without impairing soil health. 

3. Working with natural systems rather than seeking to dominate them. 

4. Maintenance and increase of long time soil fertility. 

5. Encouraging biological cycle in the soil. 

6. Pollution free, non-toxic, non-hazardous, safe working environment. 

7. Increasing beneficial microbial population in soil. 

Thus oxygenated peptone fulfills the criteria for organic farming laid down by 

International Federation of Organic Agriculture Movement (IFOAM) and at the same  

time increases crop yield (Patil et al., 2005, 2006 and 2008).  

             Oxygenated peptone used in the present investigation supplies both oxygen 

and organic nitrogen for respiration and growth of root cells and soil microbes. 

Improved oxygen level in the soil micro-climate encourages metabolic activities of 

aerobic soil microbes and thereby increases the availability of nutrients in the 

rhizosphere. On the other hand, it discourages growth of anaerobic pathogenic 

microbes and decreases the toxicity caused by reduced metals under hypoxic 

conditions.  

          Improved oxygen level in the rhizosphere favors metabolic activities of the 

shoot system of the plant (Patil, 2003). There is proper utilization of enhanced uptake 
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of water, minerals and oxygen by roots. There is increase in the synthesis of 

photosynthetic pigments like chlorophylls and carotenoids, leading to increased 

photosynthetic ability. This favors vegetative growth resulting into enhanced yield 

with upgraded quality of product. 

1.8   NEED  FOR  PRESENT  STUDY 

  Indian agriculture is facing a serious problem of soil degradation, 

water pollution due to phosphates and nitrates, pest resurgence, pesticide residues 

entering food chain etc. after green revolution. All these factors led to serious hazards 

to health of soil, water and human being along with diminishing soil fertility and crop 

productivity. Singh et al. (2001) remarked that the present production system has 

endangered our health and environment security due to abundant use of chemical 

fertilizers and pesticides. So the need for sustainable agriculture is increasingly felt. 

Organic farming is a sound viable option for this problem. Organically grown food is 

nutritious, tastier and leads to better health. (Saravanapandian, 2005). According to 

Dahama (2007), organically grown food products (Green food) catch about 15-25 % 

higher market price than chemical food items. However organic farming lags by       

5-15 % in yield than the conventional chemical farming. Kitchen et. al. (2003) also 

found significantly lower grain yield in organic farming system. The potential of 

chickpea yield is 3000 to 5000 kg/ha while the average yields at present is below 800 

kg/ha. So it is a great challenge for researcher to fulfill the gap between potential and 

actual yield. In order to balance this situation, it was felt to have a viable program not 

only to check the soil degradation, water pollution, high residues of hazardous 

chemicals in food but also to sustain the food production and improve the soil health 

without affecting the crop productivity. The innovative technique of soil application 

of peptone and oxygenated peptone is employed which fulfils the criteria of organic 

farming and yet expected to enhance the yield (Patil et al, 2009). Oxygenated peptone 

provides both peptone (soluble nitrogen) and oxygen, both of which are essential for 

growth. Soil application of oxygenated peptone is found to increase quality and 

quantity of yield. Yet the exact mechanism behind it is not known. Present 

investigation is an attempt in this direction by studying the nitrogen metabolism in 

chickpea under organic farming conditions as influenced by soil application of 

oxygenated peptone. Treatment of peptone is given for comparison so that the role of 

enhanced soil oxygen will become clear.  




