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Abstract: Pearl millet  [Pennisetum glaucum (L.)R.Br.]  is grown mainly as a rainfed crop in north and northwestern parts of 

country. These regions are highly prone to scanty and unevenly distributed rainfall and hence are always drought-prone. 

High temperature and low nutrient status of soils further exaggerate the deleterious effect of drought. The pearl millet 

growing regions are also most vulnerable to climate change as the frequency of drought is likely to increase. The purpose of 

this review is to explore and document  pearl millet research efforts and important milestones in its improvement and to 

discuss their implications for future pearl millet improvement as a grain and forage crop for the drought- and heat-stressed 

areas, especially in India. 
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INTRODUCTION 

 

illets are indigenous to many parts of the 

world. The most widely grown among major 

millet is pearl millet. Africa is considered to be 

centre of origin of pearl millet. The genetic name 

Pennisetum is derived from two Latin words Penna 

meaning feather and sera meaning bristles. The 

Pennisetum consist of six sub species as P.ramosum, 

P.glaucum, P.purpureum, P.massaicum, P.orientale, 

P.squamulatum.  

In India, Millets are cultivated in an area of 

approximately 7.8 million ha with an average of 

about 9.25 million tons of grain production. The crop 

is favoured due to its productivity and short growing 

season under dry, high temperature conditions. Pearl 

millet grains are high in nutrient composition and are 

considered an inexpensive source of energy as 

compared to staple cereals such as wheat, rice and 

maize in terms of micronutrients (Zinc and Iron), 

protein content and amino acid composition for the 

resource-poor farmers. Pearl millet is a C4 plant 

having a very high photosynthetic efficiency and dry 

matter production capacity. It is usually grown under 

the most adverse agro-climatic conditions where 

other crops like sorghum and maize fail to produce 

economic yields. Besides, pearl millet has a 

remarkable ability to respond to favourable 

environments because of its short developmental 

stages and capacity for high growth rate, thus making 

it an excellent crop for short growing seasons under 

improved crop management. 

In some of the hottest and driest regions where 

agriculture is possible in India and Africa, pearl 

millet is the only cereal that can be grown under 

dryland conditions and so plays a critical role in food 

security. However, people living in these regions 

have not yet benefited much from the current 

„biotechnology revolution‟, or even the „green 

revolution‟ that dramatically increased food grain 

production on irrigated lands over a generation ago.  

Exotic germplasm in the genus Pennisetum 

comprises of primary, secondary and tertiary gene 

pools with many species possessing desirable genes 

for pearl millet improvement such as resistance to 

diseases, male sterility, improved fodder 

characteristics and apomixis.  

Plant breeding in pearl millet 

Genetic variability for agronomic traits is the key 

component of breeding programmes for broadening 

the gene pool of crops. However, the genetic 

variability for many traits is limited in cultivated 

germplasm. Genetic variation among landraces is of 

vital importance to breeding programmes that aim to 

produce improved landrace-based cultivars for 

marginal growing environments. 

Breeding efforts in pearl millet are aimed at 

maximum exploitation of hybrid vigor for both grain 

and forage yields. Hybrid parents are bred mostly by 

recurrent selection which is based on the natural out-

breeding behaviour of the crop; or by pedigree 

breeding from populations that have mostly been 

derived from single crosses. This approach continues 

to be widely used and quite successful, although the 

obvious effect is narrowing of the genetic base of 

hybrid cultivars. Cultivars developed from OPVs 

(Open pollinated varieties) and hybrids are highly 

heterogeneous and heterozygous, open to significant 

genetic changes. Though NILs and RILs hold great 

importance in breeding and mapping for traits, their 

limitations are the long time and/or high cost 

required for development, and these populations only 

detect the additive component but do not provide 

information on dominance relationships for any 

QTL. 

Pearl millet is being exploited in breeding programs 

to develop DH but merely as the pollinator which 
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will be further eliminated, resulting in haploids of the 

recipient species, eg. wheat, oat etc.  

The genetic improvement of pearl millet in India 

started in 1930s and largely concentrated on 

improving the yield by mass selection and progeny 

testing, which led to development of some open-

pollinated varieties (OPVs). For instance, mass 

selection in locally adapted material led to the 

development of C1, C2, Co.2 and Co.3 in Tamil 

Nadu; T5, T55, A1/3, S350 and S530 in Punjab; 

AKP1, AKP2 and AKP3 in Andhra Pradesh; Baroda 

5, B117, B119 and 14D in Madhya Pradesh; RSJ, 

RSK, Bari N207 and S14 in Rajasthan; LM 38-39, 

Bajra 1, Bajra 2, S-14, S 28-25-2, Puri and Sadas 11 

in Maharashtra; and Bijapur 11-11-7-14-6, Golagiri 

1-8-5-5 and Sindagi 3-16-13-9-4 in Karnataka. 

Similarly, improvement for morphological 

uniformity in a landrace from Ghana at the Indian 

Agricultural Research Institute, New Delhi led to the 

development of „Improved Ghana‟ and further mass 

selection in „Improved Ghana‟ led to the 

development of Pusa Moti. 

The greatest push for the development of OPVs as a 

part of population improvement programme started 

in 1970s with the establishment of the International 

Crops Research Institute for the Semi-Arid Tropics 

(ICRISAT). Exploiting a diverse range of 

germplasm, mostly from the African sources, several 

composites were developed and improved by 

recurrent selection, resulting in the development and 

dissemination of a large number and diverse range of 

breeding materials.  

Pearl millet hybrids are largely generated from 

relatively narrow gene pools and current breeding 

programs do not make use of wild pearl millets 

except as donors of specific traits such as apomixis 

or resistance to pests and diseases and make only 

limited use of landrace germplasm. 

Pearl millet being a highly cross-pollinated crop with 

outcrossing rated being more than 85% and 

displaying a high degree of heterosis for grain and 

stover yields, attempts were made to exploit heterosis 

in the 1950s utilizing the protogynous nature of 

flowering of this crop. The usual method at that time 

for production of hybrid seeds was growing the 

parental lines in mixture and allowing them to cross-

pollinate. The resultant seed contained approximately 

40% hybrid seed when the two parental lines in 

mixture and allowing them to cross-pollinate. The 

resultant seed contained approximately 40% hybrid 

seed when the two parental lines had synchronous 

flowering at about same time. These chance hybrids 

this produced outyielded local varieties by 10-15%. 

However, they could not become popular due to their 

limited yield advantage over OPVs, narrow range of 

adaptation and lack of seed production programmes. 

The above mentioned limitation in  the exploitation 

of heterosis were circumvented with the discovery of 

cytoplasmic-nuclear male sterility and release of 

male-sterile lines Tift 23A and Tift 18A in early 

1960s at Tifton, Georgia,  USA. These lines were 

made available to Indian breeding programmes. The 

male-sterile line Tift 23A was extensively utilized, 

both at the Punjab Agricultural University and the 

Indian Agricultural Research Institute, because of its 

short stature, profuse tillering, uniform flowering and 

good combining ability. This laid the foundation of 

pearl millet hybrid breeding in India. 

In the past few years most of the allele mining 

studies in this crop for improvement of various 

agronomic traits such as yield and stover quality as 

well as for abiotic and biotic stress resistance such as 

drought tolerance (DT) and downy mildew resistance 

have been achieved by generating and using bi-

parental mapping populations. 

Genetic maps based on molecular markers and 

identified quantitative trait loci (QTLs) have been 

used for developmental and breeding programs in 

pearl millet to enhance its productivity under the 

present scenario of global climatic change  

Molecular markers like restriction fragment length 

polymorphism (RFLP), amplified fragment length 

polymorphism (AFLP), expressed sequence- simple 

sequence repeats (EST-SSRs), conserved intron 

spanning primer (CISP), single strand 

conformational polymorphism- single nucleotide 

polymorphism (SSCP-SNP) and diversity array 

technology (DArT) are dominant and proven to be 

useful in the evaluation of QTLs associated with 

various traits, terminal drought stress tolerance and 

adaptation  and disease resistance. Along with 

genetic markers, core or mini core and reference 

collections are also helpful to identify new sources of 

abiotic and biotic stress resistance in pearl millet. 

Association mapping, also known as linkage 

disequilibrium (LD) mapping opens a new platform 

for allele mining with the help of ancestral 

recombination events in natural populations or 

germplasm collections to make marker-phenotype 

associations. It has the advantage over QTLs 

associated linkage mapping in terms of less 

laborious, time efficient and generation of 1000s of 

recombinants with large and diverse gene pool. 

Recently a pearl millet inbred germplasm association 

panel (PMiGAP) of about 346 lines was generated 

that represented a collection of approximately 1000 

diverse cultivars, landraces and parents of mapping 

population from various regions of Africa and Asia, 

out of which 250 lines were used for association 

mapping of DT traits. This PMiGAP is thought to 

provide new insights for fine mapping of QTLs and 

allele mining of favourable genes for important 

agronomic traits. 

In order to understand whether control of water loss 

under non-limiting water conditions is implicated in 

terminal DT of pearl millet, a study was carried out 

involving two contrasting pair of parents of mapping 

population (PRLT2/88-33 X H77/833-2 and 863B-P2 

X ICMB 841-P3) and near-isogenic lines (NILs) 

generated from introgression of a major DT-QTL 
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from PRLT2/88-33 (donor) into H77/833-2 (NILS-

QTL) under water deficit conditions. Tolerant 

varieties and NILs-QTL showed low transpiration 

rate as compared to sensitive genotypes in well-

watered conditions. Kholova (2010b) established that 

pearl millet genotypes carrying a DT-QTL for 

terminal DT, including tolerant and NIL-QTLs, have 

higher ABA levels and lower transpiration rate (Tr) 

under well –watered conditions as compared to 

sensitive genotypes at all vapour pressure deficit 

(VPD) levels, ultimately contributing to absolute 

water saving during grain-filling. Furthermore, F7 

recombinant inbred lines identify four QTLs that 

contributed to increase Tr under high VPD 

conditions, out of which the major QTL was mapped 

on LG6.  

Terminal drought stress (flowering through grain 

filling) is more damaging to pearl millet‟s 

asynchronus tillering behaviour and rapid growth 

rate allow it to recover rapidly from intermittent 

drought stress during these earlier stages of plant 

development, but provide no advantages under 

unrelieved terminal drought stress. Improving the 

adaptation of pearl millet to terminal drought stress 

environments is, therefore, a major objective for 

breeding programmes aimed at improving both the 

crop‟s productivity and its yield stability.  

A number of landraces have been identified which 

could serve as a rich source of diversity for abiotic 

stress tolerance in pearl millet. CZP9802, the first 

open pollen pearl millet variety derived from the 

landraces of Rajasthan is not only highly adapted to 

drought but is also high yielding (14-33% higher 

grain yield and 18-36% higher stover yield) as 

compared to the controls Pusa 266 and ICTP 8203. 

CZP9802 is endowed with the property to escape 

terminal drought stress owing to its exceptional 

attributes of flowering within 48 days and maturity in 

75 days making it a suitable cultivar for arid zones of 

India. ICMV 221 is being cultivated in India, is 

terminal DT, downy mildew resistant and has 

improved grain yield potential. 

As compared to other cereal crops only limited 

information has been available on response to soil 

salinity in pearl millet. Reduced shoot N content and 

increased K+ and Na+ content is usually associated 

with salinity tolerance in pearl millet. According to 

Krishnamurthy (2007), shoot biomass ratio 

associated with salt tolerance and shoot Na+ 

concentration could be used as potential selection 

criteria for screening of pearl millet germplasm at 

vegetative stage. ICRISAT has carried out some 

basic research on salinity tolerance of pearl millet in 

collaboration with the International Centre for 

Biosaline Agriculture (ICAB) along with NARS 

partners in both India and WANA region. For the 

screening of salinity tolerant breeding materials of 

pearl millet, pot culture method has been followed in 

the salinity affected fields. Screening of pearl millet 

germplasm has resulted in the development of 

advanced breeding materials, improved population 

including OPVs, gene pools and composites, parental 

lines of potential hybrids, and germplasm accessions 

with high grain and forage yield presumably with a 

high degree of salinity tolerance. In the short-to-

medium terms, some of these materials can be 

released for cultivation after extensive validation of 

their yield performances at on-farm trials. 

H77/833-2, an elite pearl millet inbred line, hybrids 

of which are widely used by farmers in north-western 

India, is sensitive to terminal drought stress but 

tolerant to high-temperature stress. This cultivar has 

been used as one of the parents (recurrent) to 

generate a set of mapping population (NILs) to map 

QTLs for terminal DT of grain and stover yield as 

well as their component traits in pearl millet. 

Like other cereal crops, pearl millet is also prone to 

various biotic stresses including fungal, viral and 

bacterial infections. A combination of various 

disease management practices can be helpful in 

combating fungal disease including cultural methods, 

chemical methods, and host plant resistance. Further 

identification and utilization of new genes for host 

plant resistance for developing varieties resistant to 

biotic stresses are very important. It can be achieved 

by developing precise phenotyping methods, 

exploiting natural genetic mechanisms of resistance.  

Hybrids of pearl millet have been mass-produced 

using cytoplasmic-nuclear male-sterile (CMS) 

female parents. Apomixis has the potential to 

become as important in millet hybrid production as is 

CMS, allowing breeders to more rapidly and 

efficiently use available germplasm to produce 

hybrids. CMS millet plants are male-sterile because 

their pollen is not viable. Female fertility, however, 

is usually normal. CMS results from specific 

interaction of the cytoplasm and the nucleus. 

Cytoplasmic-nuclear male sterility was first 

documented in pearl millet by Burton (1958). A1, 

released by Burton (1965), has been the most widely 

used cytoplasm for producing commercial hybrids. 

Tift 23A was developed as a female parent with A1 

cytoplasm and became the seed parent in India for 

the first two millet hybrids released. The five distinct 

cytoplasms (A1 to A5) reported in pearl millet have 

been distinguished mainly by restoration and 

maintained relationships when crossed by known 

sterility maintainer and fertility restorer-lines. 

Mitochondrial DNA restriction endonuclease 

fragment and maize mitochondrial gene probe 

hybridization patterns have been used to distinguish 

the cytoplasms in pearl millet. Rajeshwari et al. 

(1994) characterized diverse cytoplasms of pearl 

millet by Southern blot hybridization and maize 

mitochondrial DNA probes.   

Apomixis is a reproductive mechanism by which 

seed is produced from somatic cells that develop into 

embryos without fertilization. These cells and the 

resulting embryos have the same chromosomal and 

genetic constitution as the plant on which the seed is 
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produced. Of the three basic types of apomixis, 

apospory is the only type confirmed in millet. As a 

result of these types of apomixis, all progeny of a 

plant are derived from somatic cells and are therefore 

identical to the plant on which the seed is formed. 

Interest in apomixis of millet stems come from the 

need for efficiency of breeding and seed production. 

With apomixis, one could explore all the available 

germplasm to make hybrids. Apomixis is not known 

to occur naturally in pearl millet but it has been 

induced in mutation studies. 

Apomixis does occur in other species of Pennisetum, 

and a project was initiated in the late 1970s to 

transfer apomixis from a wild apomictic Pennisetum 

species into pearl millet. A number of wild apomictic 

species were investigated, but the most success was 

obtained with hexaploid (2n=6x=54) P. squamulatum 

crossed with tetraploid (2n=4x=28) pearl millet 

(Hanna et al.1992). Apomixis would have the 

greatest impact for producing pearl millet hybrids in 

countries where hybrids are not used. It would 

rapidly make available the increased yield and vigor 

of hybrids, regardless of the heterozygosity of the 

parental lines. 

This is an obligate aposporous species and has 

widely been used to study inheritance and transfer of 

genes controlling apomixis in pearl millet 

background, as well to produce high quality 

perennial fodder types in combination with pearl 

millet and napier grass (P. purpureum), in the form 

of tri-specific or double cross hybrids. Recently, a 

2n=56 cytotype of P. squamulatum was identified, 

characterized by obligate apomictic mode of 

reproduction, perenniality and tolerance to ergot, 

smut, frost and drought under field conditions.  

The cross-pollinated breeding system, availability of 

commercially usable cytoplasmic-nuclear male-

sterility systems, and heterosis for grain and fodder 

yield and several other traits of agronomic and 

economic importance, provide for open-pollinated 

varieties (OPVs) and hybrids as the two broad 

cultivar options. Pearl millet hybrids have 25-30% 

grain yield advantage over OPVs. Therefore, the 

major emphasis in India has been on hybrid 

development, initially targeted to relatively better 

endowed agro-ecoregions, with grain yield as the 

highest priority trait.  

Utilization of Molecular markers 

Pearl millet is one of the most important small-

grained C4 Panicoid crops with a large genome size 

(~2352Mb), short life cycle and outbreeding nature. 

Pearl millet has excellent nutrient composition and 

exceptional buffering capacity against variable 

climatic conditions and pathogen attack makes pearl 

millet a wonderful model crop for stress tolerance 

studies. 

Genetic diversity studies in Pennisetum germplasm 

offer possibilities of identifying diverse germplasm 

for utilization in improving pearl millet open-

pollinated varieties and hybrids. These efforts require 

effective DNA marker-based fingerprinting strategies 

for rapid assessment of genetic relationships. 

As molecular markers play an important role in 

improving our understanding the genetic basis of 

economically important traits and are efficient tools 

to speed up crop improvement. During the past 

decades, various molecular markers such as RFLPs, 

STSs, AFLPs, single-strand conformational 

polymorphisms, genomic SSRs and genomic SSRs 

have been developed for pearl millet. It has been 

found that Dart performs well in polyploidy species, 

can be rapidly developed for practically any genome 

in contrast  to SNPs, and offers a practical solution to 

the problems associated with development and 

application of markers for orphan crops. It is a cost 

effective, solid state platform, hybridization-based 

marker technology that offers a high multiplexing 

level (being able to simultaneously genotype several 

thousand loci per assay), while being independent of 

sequence information. Genetic differences in pearl 

millet have been studied previously by 

morphological and isozyme analysis. Subsequently, 

RAPDs, RFLPs, and SSRs with other PCR-

compatible markers have been used to estimate pearl 

millet genetic diversity. The power of DArT 

fingerprinting method lies in its ability to compare 

different genomes at a large number of loci in a 

single assay, at an average cost per marker locus that 

is very low compared with PCR-compatible markers. 

The large numbers of markers that are 

simultaneously assayed by DArT provide a high 

level of resolution in genetic diversity studies. 

Genetic distance estimated derived using DArT 

provides a high level of resolution in genetic 

diversity studies. Genetic distance estimates derived 

using DArT are more likely to be accurate because 

the „random‟ nature of DArT markers should reduce 

the ascertainment bias when compared with 

technologies relying on targeted marker 

development. 

The first major milestone was achieved in 1993 with 

the creation of a molecular marker-based genetic 

linkage map of the pearl millet genome with 181 

restriction fragment length polymorphism (RFLP) 

markers-the marker system of choice in the early 

1990s. Now more than 699 molecular markers have 

been created and mapped for pearl millet, a 

consensus linkage map has been produced, and 

quantitative trait loci (QTL) for disease resistance, 

drought tolerance, flowering time and grain and 

stover yield, and ruminant nutritional quality of straw 

have been mapped. ICRISAT and its partners have 

successfully demonstrated the use of RFLP markers 

in the marker-assisted backcross transfer of 

additional downy mildew resistance into a parental 

line of popular pearl millet hybrid “HHB 67” and a 

new version of this hybrid, “HHB 67 Improved” 

based on the improved parental line, was released for 

commercial cultivation in 2005 as the first public-

bred product of marker-assisted breeding in India. 
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However, RFLP markers are too labor-intensive and 

high cost for applied use, as well as having potential 

health and environmental hazards. Thus these 

markers are not considered suitable for large-scale 

genotyping applications in an applied plant breeding 

program. 

The identification of a major QTL for drought 

tolerance on linkage group (LG 2) in pearl millet and 

its validation in two independent MAS programmes 

provides a strong impetus to pursue this key genomic 

region further to answer the remaining challenging 

questions.   

Pearl millet germplasm show a large range of 

genotypic and phenotypic variations including 

tolerance to abiotic and biotic stresses. Conventional 

breeding for enhancing abiotic and biotic stress 

resistance in pearl millet have met with considerable 

success, however, in last few years various novel 

approaches including functional genomics and 

molecular breeding have been attempted in this crop 

for augmenting yield under adverse environmental 

conditions, and there is still a lot of scope for further 

improvement using genomic tools. Discovery and 

use of various DNA-based markers such as EST-

SSRs, DArT, CISP and SSCP-SNP in pearl millet 

not only help in determining population structure and 

genetic diversity but also prove to be important for 

developing strategies for crop improvement at a 

faster rate and greater precision. Molecular marker-

based genetic linkage maps and identification of 

genomic regions determining yield under abiotic 

stresses particularly terminal drought have paved 

way for marker-assisted selection and breeding of 

pearl millet cultivars. Reference collections and 

marker-assisted backcrossing have also been used to 

improve biotic stress resistance in pearl millet 

specifically to downy mildew. Whole genome 

sequencing of pearl millet genome will give new 

insights for processing of functional genes and assist 

in crop improvement programs through molecular 

breeding approaches.  

Conservation efforts 

Ex situ seed storage is one of the most extensively 

used methods for conserving pearl millet genetic 

resources. Pearl millet germplasm has been preserved 

in various national and international gene banks. 

India with 11243 accessions has the largest collection 

of pearl millet germplasm followed by Brazil (7225) 

and Canada (3764). The initiative for the 

conservation of pearl millet genetic resources in 

India was taken up by International Crop Research 

Institute for Semi-Arid Tropics (ICRISAT), 

Patancheru in collaboration with different national 

and international organizations including several 

national organizations such as National Bureau of 

Plant Genetic Resources (NBPGR), All India 

Coordinated Pearl Millet Improvement Project 

(AICPMIP), National Agricultural Research Systems 

(NARS), Agricultural Universities, and other ICAR 

Institutes etc. About 65 organizations had contributed 

approximately 10,764 accessions of pearl millet in 

different disciplines of ICRISAT, in past few years.  

Pearl millet exhibits a vast range of genetic diversity 

in its global germplasm collection. Core and mini-

core collections of pearl millet germplasm could 

serve as wonderful cost effective resources for allele 

mining and identification of genotyping variants for 

resistance to biotic and abiotic stresses as well as 

other important agronomic traits. A core collection 

comprises of about 10% of the entire germplasm 

collection while a mini core is comprised of ~1% of 

the total collection. Upadhyaya (2009) reported a 

core collection of 2094 pearl millet accessions which 

was huge in itself to be evaluated by breeders for 

crop improvement. Hence, a mini –core collection of 

238 pearl millet accessions representing all 

accessions of the core collection was constituted 

using data on 10 qualitative and eight quantitative 

traits. This mini-core collection with its greatly 

reduced size could be effectively utilized for accurate 

evaluation of desirable traits including tolerance to 

abiotic and biotic stresses as well as for mapping 

with molecular markers and identification of trait-

specific germplasm and discovery of candidate 

genes. Other than the core and mini-core collections, 

a genotype based reference set comprised of 300 

accessions is also available in pearl millet. A global 

composite collection of accessions in pearl millet 

based on SSRs and high-throughput assays has also 

been developed at ICRISAT prior to the formation of 

reference sets for assessing population structure and 

diversity. This reference set reportedly capture 87-

95% of the allelic diversity of the composite 

collections (ICRISAT, 2008/2009). 

DNA-based molecular markers, genetic linkage 

maps, and sequence information are essential 

genomic resources to carry out genetic studies or 

marker-aided breeding in any crop. Though the 

discovery of molecular markers and construction of 

genetic maps in millets lag far behind those of staple 

cereals, pearl millet reportedly has comparatively 

substantial stock of genetic and genomic resources in 

the form of DNA-based markers, such as AFLP, 

RFLP, RAPD, expressed sequence tag-based  (EST) 

markers, sequence-tagged sites (STSs), simple 

sequence repeat (SSRs/microsatellites), DArTs, CISP 

and SNP have been developed to distinguish genetic 

variability, linkage map analysis and marker assisted 

screening to expedite the breeding programs. 

Molecular markers help in evaluating genetic 

differences in germplasm collections for appropriate 

selection of mating parents for hybrid breeding, 

studying population structure, and analysis of QTLs 

for abiotic and biotic stress resistance. Pearl millet 

exhibits a very high level of DNA marker 

polymorphism even between elite inbred parental 

lines of popular hybrids. A set of 21 polymorphic 

EST-based SSRs markers and six genomic markers 

were developed in pearl millet and were tested to 

detect polymorphism across 11 pairs of pearl millet 
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mapping population parental lines. These EST-based 

markers are also used for marker assisted breeding 

and crop improvement programs in pearl millet at 

ICRISAT. Senthilvel (2010) also reported the 

development of an array of about 6900 DArT clones 

using PstI/BanII complexity reduction, and 

identification of a total of 256-277 polymorphic 

DArT markers in three RILs of pearl millet. A total 

of 574 polymorphic DArT markers were identified in 

a set of 24 genetically diverse pearl millet inbreds 

from 7000 DArT clones obtained from 95 diverse 

genotypes using PstI/BanII complexity reduction. 

With the help of DArT markers, comparative 

genomics and genome organization studies can be 

easily done and the cost of marker-assisted 

backcrossing (MABC) is also low as compared to 

others. Sehgal (2012) used available pearl millet 

ESTs and developed 75 SNP and CISP markers and 

demonstrated their use in identifying candidate genes 

underlying a major DT-QTL using four genotypes 

namely, H77/833-2, PRLT 2/89-33, ICMR 01029 

and ICMR 01004, representing parents of two 

mapping populations. There is another recent 

research on identification of 83,875 SNP markers 

using genotyping by sequencing (GBS) of PstI-MspI 

reduced representation libraries in 500 genotypes of 

pearl millet, comprised of 252 global accessions and 

248 Senegalese landraces, which exhibited high 

genetic diversity relative to other genotypes of Africa 

and Asia. Ambavat (2016) constructed a linkage map 

comprising 286 loci (229 DArT and 57 SSR 

markers) through the genotyping of 256 DArT 7 

RILs derived from the cross between 81B-P6 and 

ICMP 451-P8. Using these markers, QTL for rust 

resistance have been mapped on LG1 with LOD 

score of 27. These molecular markers have been used 

to construct a pearl millet genetic linkage map and to 

identify and map QTLs for terminal drought, reduced 

salt uptake, grain and stover yield, and for downy 

mildew resistance, rust and blast resistance. These 

genetic tools have also been used for diversity 

assessment, studying recombination rates, analyzing 

domestication syndrome and comparative genetics.  

It has also been proposed that pearl millet genome 

has undergone several structural rearrangements that 

could be possibly associated with its evolution and 

adaptation in severe abiotic stresses and nutrient 

deficient soils although until now marker 

relationships are almost collinear across all the 10 

mapping populations developed and mapped. 

There have been only a few reports on transcriptome 

analysis in pearl millet for delineating the mechanism 

of abitotic stress tolerance till date. Mishra (2007) 

reported the identification of about 2494 

differentially regulated transcripts in response to 

drought, salinity and cold stress indicating the 

existence of a complex gene regulatory network in 

this stress tolerant crop. Transcriptome analysis using 

454 Roche NGS tool was done to understand the 

mechanisms underlying resistance to downy mildew 

in pearl millet.  A comprehensive pearl millet 

transcriptome assembly (~43 Mbp) has also been 

developed by integrating data from three independent 

investigations carried out by Zeng (2011) and 

Rajaram (2013) and is comprised of about 69, 398 

tentative assembly contigs. This transcriptome 

assembly also includes pearl millet ovule 

transcriptome data. Of late development of cultivars 

using genetic engineering approaches is gaining 

significance in plant biology and stress physiology. 

The understanding of mechanisms that regulate gene 

expression and the capacity to transfer important 

genes from other organisms into plants will expand 

the ways in which plants can be utilized. In pearl 

millet, the biolistic method for gene delivery has 

been frequently used for transformation. Girgi et al 

(2006), introduced an afp gene from the mold 

Aspergillus giganteus, encoding an antifungal protein 

AFP into pearl millet through particle bombardment. 

A significant reduction in disease symptoms against 

rust and downy mildew infection was shown. 

Similarly, a Brassica juncea non-expressor of 

pathogenesis-related gene 1 (BjNPR1) had been 

stably integrated and expressed into a pearl millet 

male fertility restorer line ICMP451 through 

Agrobacterium-mediated transformation. 

Development of genetically engineered pearl millet 

varieties is still in nascent stage despite its economic 

importance. 
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Abstract: Purification of quality DNA is one of the essential factors affecting the success of molecular genomic studies. No 

single existing nucleic acid extraction method is sufficient for quality yield of DNA from high polyphenol contaminated 

plant materials. Here, in this study we have synchronized CTAB based lysis method with magnet mediated DNA separation 

utilizing iron oxide nanoparticles. An inexpensive, rapid and simple protocol has been described for extracting high quality 

genomic DNA from citrus leaves. Purity of the extracted DNA was revealed by the ratios of absorbance at 260/280 nm to be 

close to 1.80. Isolated plant genomic DNA was directly analyzed for PCR amplification which indicate freedom from 

common contaminating compounds. Possibly, this description is reported for the first time for the isolation of DNA from 

mature citrus leaf employing unmodified iron oxide nanoparticle. 

 

Keywords: Plant, DNA isolation, Magnetic Nanoparticle, Iron oxide, PCR 

 

INTRODUCTION 

 

urification of plant genomic DNA is an important 

requirement for genomic characterization, gene 

mapping, cloning and for genetic engineering. A 

good extraction method should yield intact and pure 

DNA. Different protocols for DNA isolation 

avoiding inhibitory compounds which compromise 

further analysis have been reported (Louws et al., 

1999). Presences of polysaccharides, phenolic 

compounds, secondary metabolites (Chiong et al., 

2017), tannins etc have been found to interfere with 

PCR accuracy, restriction digestion and 

transformation efficiency, bacterial artificial 

chromosome library construction (Paul et al., 2014), 

marker-assisted polymorphism detection (Veldboom 

and Lee, 1994), next-generation sequencing (Collard 

and Mackill, 2008), southern blot hybridization 

(Porebski et al., 1997) etc.  

DNA extraction protocol generally includes two 

parts: Lysis of plant cell either by physical or 

chemical means or by enzymatic processes or in 

combination of three and separation of intact DNA 

from mixture containing lysed cells and inhibitory 

contaminants. 

The most reliable lysis buffer for plant DNA 

isolation almost essentially contain CTAB as one of 

the major constituent, which due to cationic 

detergent nature precipitates DNA in low ionic 

concentration, but solublise DNA in presence of 

higher ionic strength by chelation of acidic 

polysaccharides and proteins (Varma et al., 2007) 

depending on the tissue type. Sodium chloride is also 

an integral part of the lysis buffer, depending on 

diverse polysaccharide content (Elphinstone et al., 

2003). Almost all methods essentially use β-

mercaptoethanol during lysis due to its unique ability 

in prevention of polymerization. However, presence 

of tannins may interfere with its activity. 

Guanidinium thiocyanate, as an alternative to CTAB 

in lysis buffer (due to its ability to bind and purify 

DNA molecules efficiently) also has been reported 

(Wang et al., 2011). Different incubation 

temperatures were also standardized during lysis 

methods ranging from 4 to 96°C (Hazarika and 

Singh, 2018, Baranwal et al., 2003). Detergents like 

SDS, Triton X100 (Fulton et al., 1995) have also 

been reported along with glycerol (Hazarika and 

Singh, 2018) for lysis of plant samples. For specific 

partitioning of nucleic acids ammonium acetate 

(Nunes et al., 2011), ice-cold isopropanol (Borah et 

al., 2008), guanidine hydrochloride with 75% (v/v) 

ethanol (FU et al., 2017), guanidinium thiocyanate 

(Rohland et al., 2010), potassium acetate (Ivanova et 

al., 2008), have been used. Precipitation of purified 

DNA molecules is generally obtained by washing 

pellets with ice chilled alcohol (100-70%). For 

increasing purity of the isolated DNA, further 

treatment with ammonium acetate, CsCl, sodium 

acetate, NaCl, NaOAc, GuSCN, LiCl, also have been 

demonstrated. Almost all methods need 3-12 hr 

timing and several centrifugation steps, followed by 

washing and drying along with proteinase K and 

RNAse treatments are essential in case of the 

conventional methods. 

In the last decade use of magnetic nanomaterials for 

DNA isolation from plant materials have also been 

attempted. For increasing affinity towards DNA, 

magnetic particles were surface functionalized with 

silica (Shi et al., 2009), chitosan (Jiang et al., 2012), 

carboxyphenylboronic acid (Sun et al., 2015) and 

poly(2-hydroxyethyl methacrylate-co-glycidyl 

methacrylate) - P(HEMA-co-GMA) (Trojánek et al., 

2018). All of these protocols use a NaCl-PEG6000 

solution for nonselective attachment of DNA onto 

P 

RESEARCH ARTICLE 

mailto:drkekasarkar@yahoo.com


150 DWIPTIRTHA CHATTOPADHYAY AND KEKA SARKAR  

the magnetic carrier. But none have attempted to use 

bare nanoparticles in this respect. 

Here in we report for the first time a cost effective, 

environment friendly, rapid and reproducible 

protocol for purification of PCR ready quality DNA 

from citrus plant using bare iron oxide nanoparticles 

synthesized by a simple chemical reduction process. 

 

MATERIAL AND METHOD 

 

Chemicals: Ferrous sulfate (FeSO4), potassium 

nitrate (KNO3), ammonia solution (NH4OH), Tris 

HCl, ethylenediaminetetraacetic acid (EDTA), 

sodium chloride (NaCl), PEG 6000, agarose, beta-

marcaptoethanol, 2-propanol, glacial acetic acid, 

polyvinyl pyrrolidone (PVP) and 

hexadecyltrimethylammonium bromide (CTAB) was 

purchased from Merck, India. All used chemicals 

were of analytical grade. For PCR reactions dNTPs, 

Taq DNA polymerase, Taq buffer were obtained 

from KAPA Biosystems. Primers were synthesized 

by Eurofins India. DNA markers (Lambda DNA 

EcoRI/HindIIIdigest and BioLitProxiO 1kb) were 

procured from Sisco Research Laboratories Pvt. Ltd. 

Used Cloning vector pTZ57R/T (InsTAclone PCR 

Cloning Kit) was from Thermo Scientific. Used 

water was of MiliQ grade and for PCR reactions used 

nuclease free water was from Amresco. 

Sample collection: The plant materials were 

collected from citrus orchards of Kalyani (22.9751° 

N, 88.4345° E) and Belpukur (23.4785° N, 88.4137° 

E), district Nadia, state West-Bengal, India. All the 

citrus leaf samples (Figure 1) were aseptically 

collected in sterilized plastic bags and were kept in 

freezer (-20°C) until use. 

  

 
Figure 1: Citrus (Kagzi Lime) leaves from Kalyani (a, b) and Belpukur (c, d). 

 

Preparation of iron oxide nanoparticle:  

The magnetic iron oxide nanoparticle (MNP) was 

prepared by with some modification of previously 

described method (Chattopadhyay and Sarkar, 2015), 

reduction of ferrous sulfate and potassium nitrate 

mixture (1.5 gm: 1.5 gm) was done using ammonia 

solution (25 mL). After proper mixing for 10 min 

using cyclomixer thick black slurry was developed. 

With addition of ammonia solution to the mixture the 

color first turned green and finally black slurry is 

generated. The synthesized MNPs were kept under 

ammonia (highly reducing basic medium) for long 

storage. The MNPs were washed vigorously several 

times with MilliQ water prior to use. Impurities and 

excess ammonia was removed from the MNPs by 

magnetic separation. Finally, the MNPs were 

resuspended in 2000 µL MiliQ water. These MNPs 

could be stored for at least 3 months under 100% 

methanol (1 mL) without considerable change in 

morphology and magnetic properties. 

Characterization of iron oxide nanoparticles: 

Properly diluted sample was placed on a carbon-

coated copper grid (300 mesh, Applied Biosystems, 

India), dried in a vacuum desiccator for 72 h and 

morphology and size of the MNPs were analyzed by 

a transmission electron microscope (TEM, Tecnai S-

Twin, FEI, USA). Selected area electron diffraction 

(SAED) pattern of the nanoparticle was also 

obtained. Surface morphology of the MNPs was 

characterized using scanning electron microscopy 

(SEM, S-2300, Hitachi, Japan).  

Isolation of genomic DNA from plant (citrus): 

Using CTAB method – DNA was extracted from 

plant sample (citrus leaf) using a standard CTAB 

extraction method without liquid nitrogen (Murray 

and Thompson 1980). Purified DNA was separately 

dissolved in 50 μL TE buffer and finally 

electrophoresis was done using 0.8% agarose gel. 

Purification of DNA from Citrus leaf using MNP –  

100 mg of finely chopped fresh citrus leaf (or stored 

at -20
0
C freezer for 2-3 months) was taken in a 

sterilized mortar and 2% polyvinylpyrrolidone (PVP) 

was added to it. 500 μL prewarmed (at 65°C) CTAB 

extraction buffer (containing freshly prepared 10% 

CTAB, 0.1 M Tris HCl of pH 8.0, 0.5 M EDTA of 

pH 8.0, 5 M NaCl, β-marcaptoethanol and double 

distilled water) was added to the chopped leaf 

samples to get fine paste after crushing. Again 500 

μL prewarmed CTAB extraction buffer was added to 

the mortar and the grinded green colored solution 
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was resuspended in a 2 mL microcentrifuge tube. It 

was kept into waterbath using a flotar at 65°C for 15 

min with occasional inversion of the tube in every 5 

min. Then 1 mL chloroform:isoamyl alcohol mixture 

(24:1) was added to the samples and the tube was 

kept under continuous inversion condition for 15 

min. The sample was centrifuged for 2 min at 5000 

rpm under room temperature for precipitation of 

cellular debris. From the upper portion of the mixture 

500 μL solution was taken carefully in a new 

sterilized 2 mL microcentrfuge tube and 1250 μL 

binding buffer (10% PEG 6000, 2.5M NaCl) was 

added. Now freshly prepared, properly washed, well 

dispersed (sonicated for 10 min at 50 MHz) 100 μL 

MNP (from 100 mM stock) was added to the cell 

lysate-binding buffer mixture and inverted for 5-10 

times. The tube was incubated at room temperature 

for 10 min. After that using a magnetic stand 

(Promega Ltd.) the MNPs were immobilized and the 

supernatant was discarded from the microcentrifuge 

tube. Now the immobilized MNPs were washed 

twice using 95% and 70% alcohol (200 μL). Excess 

alcohol was removed from the microcentrifuge tube 

leaving only the MNPs immobilized DNA by means 

of magnetic field. At room temperature the tubes 

were completely air-dried so that no residual alcohol 

was left. The bound DNA molecules were separated 

from the MNPs by adding 50 μL TE buffer (1 M Tris 

HCl, 0.5 M EDTA pH 8.0). For complete elution of 

DNA from MNPs, the microcentrifuge tube was 

incubated under continuous agitation on a waterbath 

(at 65°C) by tapping MNPs under an external 

magnetic environment. Finally, the purified DNA 

samples were taken in a sterilized 1.5 mL 

microcentrifuge tube and kept at deep freezer (-20
°
C) 

for further processing. 

Amplification of extracted DNA using MNPs – DNA 

samples obtained from citrus leaves was used as 

substrate for PCR amplification. 

Primer selection – PCR reaction were performed 

with internal transcribed spacer (ITS) region & β 

tubulin gene specific primer pair specific for plant 

(Table 1) 

 

Table 1. Details of Primers used in the study 

Target gene 
Amplicon Size 

(bp) 
Primer Name Primer Sequence (R=A/G,Y=C/T) 

ITS conserved region of 
plant 

700 
ITS1 5′TCCGTAGGTGAACCTGCGG3′ (Fernández-Bodega et al., 2009) 

ITS4 5′TCCTCCGCTTATTGATATGC3′ 

β tubulin gene of plant 1200 

βtub1Planta 5′CARGGCGGCCARTGYGGBAACCA3′(Einax and Voigt, 2003) 

βtub2rPlanta 5′GGGATCCAYTCMACRAA3′ 

 

Polymerase Chain Reaction assay (PCR) – PCR 

amplification was carried out by standard protocol. 

Typically, the PCR mixture contained 5 μL DNA 

(∼10 ng DNA) as a template, 1.0 μL of 10 mmol L
−1

 

of each primer, 2.0 μL Taq polymerase buffer, 1.0 μL 

of 10 mm dNTPs mix and 0.2 μL of 3U DNA Taq 

polymerase. The final volume was adjusted to 20 µL 

by adding nuclease free water. Amplification was 

carried out in 35 cycles in a thermal cycler (MyiQ2, 

BioRad). 

The following PCR conditions (Table 2) were 

optimized to have quality PCR products

  

Table 2. Details of different PCR conditions 

Target Gene Used Primer pair 
Initial 
Denaturation 

Denaturation Annealing Extension Final Extension Storage 

ITS region of 

Citrus 
ITS1 & ITS4 94°C for 4 min 94°C for 1 min 56°C for 1 min 72°C for 1 min 72°C for 7 min 4°C for ∞ 

β tubulin of  

Citrus 

βtub1Planta & 

βtub2rPlanta 
94°C for 4 min 94°C for 40 sec 56°C for 40 sec 72°C for 1 min 72°C for 7 min 4°C for ∞ 

 

Analysis of PCR products – PCR products were 

analyzed by 0.8% agarose gel electrophoresis and 

stained with ethidium bromide (0.5 μgmL
−1

) for 

visualization under Chemi Doc System (Bio-Rad, 

Munich, Germany). 

Cloning of the PCR products for sequencing – The 

DNA fragments (PCR products) obtained from PCR 

using ITS specific primers (for plant) were chosen 

for sequencing.  Appropriate bands were extracted 

using Himedia Gel Extraction kit. After elution the 

purified DNA were used as template and cloned into 

pTZ57R/T vector (InsTAclone PCR Cloning Kit, 

Thermo Scientific). The positive plasmids were used 

as templates for sequencing. 

 

RESULT 

 

Characterization of nanoparticles – The size of 

magnetic nanoparticle was found to be 10 nm by 

transmission electron microscopy (TEM) image 

whereas the scanning electron microscopy (SEM) 

revealed spherical nature. The SAED pattern 

obtained during TEM analysis the nanoparticle also 

revealed its crystalline nature which was further 

confirmed from the SEM data. (Figure 2)
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Figure 2: Characterization of MNP (a) suspension in water and immobilized in presence of magnet. (b) TEM 

image (c) SEM image and (d) SAED pattern. 

 

DNA isolation study – Here we compared the 

qualitative and quantitative nature of CTAB based 

protocol for DNA isolation with the magnet mediated 

separation procedure using MNPs from plant (citrus) 

samples (Table 3). The electrophoretic study (Figure 

3) revealed high molecular weight DNA content 

around 21 kbp, resembling plant genomic DNA. In 

case of magnetic separation, no RNA contamination 

was present whereas a noticeable RNA smear was 

observed in case of conventional CTAB based DNA 

isolation process. Presence of protein contaminant in 

the purified DNA samples was evaluated by 

A260/A280 ratio, and in case of MNP mediated 

separation it was found to be 1.75 compared to 1.55 

for conventional method. 

 

Table 3. Concentration and purity of Extracted DNA 
Method for 

DNA isolation 
Sample  source Sample ID 

Sample 

weight 

(mg) 

Time for DNA 
isolation 

Sample quantity 
μL 

Concentration of 

obtained DNA 

(ngμL-1) 

Purity of extracted 
DNA (A260/A280) 

 
Magnetic 

bioseperation 

Citrus Plant Leaf CP1 100 45 min 50 253 1.75 

Citrus Plant Leaf CP2 100 45 min 50 235 1.72 

Citrus Plant Leaf CP3 100 45 min 50 245 1.78 

Conventional 

method 
Citrus Leaf CCP 100 24 hr 50 200 1.55 

 

Amplification of isolated DNA – For quality 

analysis, MNPs mediated extracted DNA samples 

were subjected to PCR amplification. Agarose gel 

image (Figure 3) of PCR products extracted by 

MNPs method reveals that DNA were successfully 

amplified using ITS and Tubulin specific primers.  

For investigation of further compatibility towards 

other molecular techniques, at least one positive 

clone from amplified DNA sample was sequenced. 

The sequences were aligned using the CLUSTAL W 

program with the deposited sequences from the 

database of the National Center for Biotechnology 

Information using a BLAST search and deposited in 

NCBI Genbank. Analysis of the sequences with 

already available submissions revealed 99% 

similarity (Table – 4), suggesting the nanoparticle 

mediated plant DNA isolation method to be a 

successful one. 

 

Table 4. Details of sequenced DNA samples 

Organism Target Gene 
Amplicon Size 

(bp) 
Genbank Accession Number 

Citrus aurantifolia (Kagzi Lime) ITS conserved region 700 
MF797955, MF797954, 
MF797953 

Citrus aurantifolia (Kagzi Lime) β tubulin gene conserved region 1200 to be submitted 
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Figure 3: Agarose gel electrophoresis image of genomic DNA: 

DNA molecular weight marker (λ phage DNA/HindIII digest) (L), DNA isolated using MNPs (CP1, 

CP2, CP3), conventional CTAB method (CCP) from citrus leaves. 

PCR amplicons using ITS and (c) Tubulin specific primers (CP1, CP2, CP3) with 1kbp DNA ladder. 

 

DISCUSSION 

 

Various methods are available for isolation of DNA 

from different plant samples but purification of 

quality DNA from plant materials is very difficult, 

due to presence of polyphenols. Most of the methods 

used for extraction of plant DNA could not satisfy 

for molecular analysis due to variable efficiencies. 

Quality and quantity of isolated DNA is affected by 

many parameters like proper cell lysis, absorption of 

DNA to a particular matrix, presence of impurities 

causing damage of DNA etc. DNA extraction 

protocol has two common steps: lysis and 

purification of inhibitor free high molecular weight 

DNA for subsequent molecular analysis. Thus, to get 

quality DNA, it is important to select particular steps 

with cost effectiveness and with minimum time. Our 

present study has compared the efficiency of 

conventional (CTAB) plant DNA isolation protocol 

with MNPs mediated modified CTAB method in 

terms of rapid, cost effective and purity of extracted 

DNA for molecular analysis. 

MNPs mediated protocol showed some advantages 

over the conventional CTAB method. It is cost 

effective and less time consuming. The comparison 

of both methods is tabulated in terms of quality, 

quantity and protocol time (Table 3), which indicates 

that multi-stepping and costly conventional 

procedure can be avoided by our MNPs mediated 

plant DNA isolation protocol. Due to presence of 

surface charge and large surface/volume ratio, iron 

oxide nanoparticles are highly interactive towards 

DNA molecules by electrostatic interaction (Ito et 

al., 2005, Paul et al., 2014). Our as synthesized iron 

oxide nanoparticles of 10 nm size showed magnetic 

properties, which is important for DNA separation 

amongst other impurities (Bandyopadhyay et al., 

2011). 

Extraction of DNA from plant materials is difficult 

due to interference of various polyphenols. To 

remove these inhibitors, a number of plant DNA 

extraction methods are already described which 

include enzyme treatments, bead beating, freeze 

thawing along with the use of liquid nitrogen, make 

these methods costly.   

Our MNP preparation is easy and required only 

common laboratory chemicals (iron sulfate, 

potassium nitrate, ammonia solution) and common 

instruments (waterbath, cyclomixer). In our protocol, 

the grinding process for plant cell wall rupturing 

does not require liquid nitrogen, which is an integral 

part of almost all protocols involving CTAB. In the 

conventional process use of high speed centrifuge 

(8000-14000 rpm) is essential in many steps, 

whereas in our protocol involvement of 

centrifugation step is only once (during precipitation 

of cellular debris). This step of centrifugation can be 

carried out even in 5000 rpm (which can be achieved 

in any table top centrifuge). Only a simple magnet is 

being used for capturing and immobilization of 

magnetic nanoparticles bound DNA. The total 

procedure can be managed in a single centrifuge tube 

making it convenient for preparation of large number 

of samples easily. Due to surface charges, the bare 

iron oxide nanoparticles were specifically bound 

towards free DNA by electrostatic attraction. Thus, 

no other impurities (RNA, Protein) were appeared in 

the electrophoretic study. However, during 

conventional processes the DNA is precipitated by 

the action of isopropanol, needed at least 4-12 hr, 

whereas in our process the DNA can be precipitated 

down within 10 min using MNP at room 

temperature. Purity of the isolated DNAs was 
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estimated both by nanodrop and through 

electrophoresis, in both cases the average A260/280 

was 1.75 with overall yield of 1.2-1.5 microgram 

DNA. As proof of quality checking, the extracted 

DNA by MNP method was subjected to PCR 

amplification. For proper amplification, inhibitor free 

quality DNA extraction has utmost importance. Our 

method successfully overcome such limitations and 

gives a good amplified product. Thus, MNP 

mediated protocol proved to be unique which can be 

extended further to carry out molecular biological 

applications (e.g detection of plant diseases) in a 

rapid manner. 

 

CONCLUSION 

 

A cost effective, robust and rapid method for 

isolation of genomic DNA from plant (Citrus) has 

been described. This protocol not only combines the 

traditional CTAB based method with some 

modifications but also uses nanoparticle as an 

integral part for isolation of DNA. Good quality and 

highly concentrated genomic DNA samples were 

obtained by use of this facile method. As this process 

is beneficial with the potential to be used for 

isolation of genomic DNA from plant samples using 

simple instruments, so this protocol is applicable for 

large scale DNA isolation processes even in remote 

areas where sophisticated laboratory facilities are 

unavailable.  
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Abstract: An experiment was carried out to evaluate the effect of different agroforestry system on turmeric with reference to 

vegetative growth, rhizome yield and its attributes of turmeric (Curcuma longa L.). Turmeric showed positive response to 

the agroforestry system as compared to open system. Turmeric with (T2) Diospyrus embryophytum had the taller plant 

height, maximum number of leaves, maximum leaf area index (5.02), maximum curcumun per cent (4.12) and maximum 

curing per cent (27.41). Maximum number of tillers was showed by the turmeric grown under T9 (Terminalia chebula), 

fresh yield (22.20 t ha-1) and cured yield (6.08 t ha-1) of rhizome was obtained under open condition however, among the 

different agroforestry system it was higher under T9. Moreover, the soil parameters such as SOC (0.99%), available N 

(304.51 kg ha-1), P (18.23 kg ha-1) and K (161.52 kg ha-1) were also highly influenced by the T9 (Terminalia chebula). 

 

Keywords: Agroforestry, Curcuma longa L., Rhizome yield, Curcumin 

 

INTRODUCTION 
 

he rising population pressure and urbanization, 

coupled with land degradation, soil salinization 

and global warming are the major causes for food 

insufficiency in developing world. Among different 

approaches to combat this problem, agroforestry is 

potential option. It not only arrest land degradation 

but also improve site productivity through interaction 

among trees, soil, crops and livestock. It is 

considered as a panacea for maladies of intensive 

agriculture (Pingali, 1999). It is a way to practice 

agriculture without deteriorating agro-ecosystem. Its 

role in the light of combating hunger, disease and 

environmental degradation is highly appreciable 

(Garrity, 2004). The microclimate under agroforestry 

system is somewhat modified due to presence of 

trees, under such conditions, the growth response of 

turmeric may be different from sole cropping system. 

Agroforestry is a sustainable land use system that 

maintains or increase total yield by combining food 

crops with perennial tree crops and/or live stock on 

the same unit of land either alternately or at the same 

time using management practices that suits the social 

and cultural characteristics of the local people and 

economic and ecological condition of the area. 

Turmeric (Curcuma longa L.), a herbaceous 

perennial medicinal plant, belonging to family 

Zingiberaceae, is one of the most valuable spice all 

over the world and is cultivated in the country since 

ancient times. India is the largest producer and 

exporter of this crop in the world. It occupies an area 

of about 1.65 lakh hectares with a production of 5.6 

lakh tonnes per annum with average yield of 3.5t ha
-

1
. It has about 14 per cent share by quantity wise and 

7 per cent by value in export among all the spices 

and 22 percent share of total world production (Peter 

et al., 2004). Uttarakhand produces about 3600 q of 

turmeric from an area of 45 ha with productivity of 

80 q ha
-1

 which is quite low as compare to Andhra 

Pradesh, Tamil Nadu, Orissa, Karnataka, West 

Bengal, Gujarat, Meghalaya, Maharashtra and Assam 

some of the important states which cultivate 

turmeric. Turmeric grows well under partial shade 

but thick shade condition affects yield of turmeric 

adversely (Singh and Edision, 2003). Ancient system 

of Indian medicine has fully documented the 

significance of turmeric in curing various diseases 

such as stomach disorders, leprosy, fever, dropsy, 

discharge from ear, ulcer, liver disorders, wounds, 

burns and as a blood purifier. The turmeric powder 

increases the mucus in gastric secretions and 

prevents the formation of the uretic stones (Divya 

Himachal, 1999). The root of turmeric is bactericidal 

and its paste is used to cure skin infections. The 

antibacterial effect of turmeric is due to three 

principal compounds viz. curcumin, curcuminoids 

and aromatic oil, out of which, curcumin is the most 

active therapeutic ingredient. It is a yellow, 

crystalline substance, which is a phenolic 

antioxidant, the scavenger of free radicals, which 

otherwise account for curing many diseases 

including cancer (Khanna, 1999). Besides medicinal 

value, it is used as condiment with curry-stuff and as 

a dye. As for its quality ramifications, sun dried 

finger rhizomes of turmeric contains 1.4 - 6.1 per 

cent curcumin, 3.9 -8.7 per cent starch, 5.2 - 7.0 per 

cent protein, 2.0 - 9.3 per cent essential oil, and 

curing percentage ranging from 16.0 - 37.4 per cent 

(Aiyadurai, 1966). Due to its increasing demand, not 

only for internal consumption but for export purpose 

also, the productivity and quality of crop needs to be 

upgraded (Medhi and Bora, 1993). Most of the soils 

are not so rich to supply all the nutrients for its 

optimum growth and development. Furthermore, it is 

difficult to sustain the yield of the crop and soil 

T 
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health for longer duration without integrated use of 

organics and inorganics . The removal of nitrogen, 

phosphorus and potassium by crops is much more 

than their replenishment through mineral fertilizers, 

thereby leading to nutrient mining but this problem 

can be overcome through the agroforestry. Because 

agroforestry improve the soil fertility status by the 

addition of continuous organic matter in the soil in 

the form of leaves, twig and branches etc. At present, 

the level of N, P and K removal in India is about 28 

million tonnes against addition of only 18 million 

tonnes, thus resulting in a negative balance of about 

10 million tonnes (Rao and Srivastava, 1998). The 

removal of nutrient from the soil can also be 

minimize by the agroforestry because the tree root 

works as a binding agent against the soil erosion and 

enhance the natural nutrient recycling into the soil. 

So the practices of agroforestry is the best solution to 

fulfill the demand of increasing population in the 

present world. 

 

MATERIAL AND METHOD 

 

The field experiment was conducted in the arboretum 

during 2016-17 at Experimental site of Agroforestry 

Research Centre near, Haldi, G. B. Pant University 

of Agriculture and Technology, Pantnagar, Distt. 

Udham Singh Nagar, Uttarakhand. The site was 

situated at 29
0 
Latitude and 79

0
.29’ longitudes and at 

an altitude of 243.84 meters above the mean sea level 

in Tarai region. The climate and weather of 

Pantnagar is humid sub-tropical with cold winters 

and hot dry summers. The maximum daily 

temperature in summer may reach up to 42
0
C and 

minimum temperature in winter may fall up to 

0.5
0
C. Generally, south-west monsoon sets in the 

second or third week of June and continues up to 

the end of September. The mean annual rainfall is 

about 1450 mm, of which 80-90 per cent is 

received during the wet season (July to 

September). The soils of Tarai region are developed 

from alluvial, medium to moderately coarse textures 

materials under predominant influence of tall 

vegetation and moderate to well drain conditions. 

The soils are weakly developed with mollic 

epipedons and horizons are classified as Mollisols. 

Turmeric were laid out on the Randomized Block 

Design (RBD) with single factor experiment. Eleven 

treatments were used in this study viz. T1-Open 

condition (Control), T2- Diospyrus embryophytum 

with turmeric, T3- Delonix regia with turmeric, T4- 

Paulomia fortunii with turmeric, T5- Cassia fistula 

with turmeric, T6- Pongamia pinnata with turmeric, 

T7- Madhuca Indica with turmeric, T8- Tamarindus 

Indica with turmeric, T9- Terminalia chebula, with 

turmeric T10- Sapindus mukorossi with turmeric and 

T11- Melia azaderach with turmeric.). The 

plantation was 12 year old with a spacing of 4×4 m 

planted during the year 2003-04. The seed rhizomes 

of the turmeric var. Pantpitabh were planted 

maintaining 60x20 cm spacing between and within 

the rows at a depth of 10 cm. Turmeric crop was 

planted on May 2016 and harvested on February 

2017 after 280 days of planting when leaves turned 

yellow and started drying up. To evaluate vegetative 

growth parameters and yield influenced by the 

different agroforestry system, plant height, number 

of tiller, number of leaf, leaf area index and yield 

(Fresh rhizome yield and cured yield) were recorded 

on five randomly selected plants in each of the 

treatment or agroforestry system. Curcumin content 

was done following the procedure suggested by 

Donald (1962) and Manjunath et al., (1991), 

respectively. Curing percentage was computed by 

deducting dry weight of rhizomes after curing from 

fresh weight of rhizomes and divided by fresh weight 

then multiplied by percentage. Soil analysis like pH, 

SOC% available N, P & K was done by Beckman 

Glass Electrode pH meter(Jackson, 1973), Walkley–

Black Modifiedmethod (Jackson, 1973), 

AlkalineKMnO4 (Subbiah and Asija,1956), Olsen’s 

extraction method(Olsen et al.,1954) and Flame 

emission spectrometrymethod (Jackson, 1973) 

methods respectively. 

 

RESULT AND DISCUSSION  

 

Turmeric Plant height: The data pertaining to plant 

height of turmeric under different agroforestry 

system at 90 and 180 DAS are summarized in the 

Table 1. At 90 DAS, the maximum plant height was 

found under T2 (91.85 cm) followed by T6 (90.65 

cm), T8 (90.58 cm) and T11 (90.50 cm). The 

minimum plant height at 90 DAS was observed 

under T1 (83.23 cm) and T7 (84.35 cm). At 180 DAS 

the maximum plant height was recorded under T2 

(104.75 cm) followed by T6 (102.20 cm), T4 (101.52 

cm) and T5 (100.24 cm) whereas minimum in T1 

(94.20 cm) and T7 (96.65 cm).  

Number of leaves: Leaves of turmeric as affected by 

different agroforestry systems are presented in Table 

1. The maximum no of leaves are recorded in T2 

(7.24) followed by T6 (7.06) and T5 (6.95) whereas 

minimum in (T1) open condition (no tree) at 90 

DAS. The similar trend was observed at 180 DAS. 

Number of tillers: Data regarding number of tiller 

of turmeric under different agroforestry system are 

summarized in the Table 1. Treatment (T9) showed 

the maximum (5.26) no of tillers followed by T10 

(5.24), T11 (5.04) and T8 (5.02) while treatment (T1) 

showed the minimum no of tillers. In the present 

study, maximum plant height, maximum no of leaves 

and maximum no of tillers were observed under 

different agroforestry system at all the growth stages. 

Increase in plant height, no of leaves and no of tillers 

in different agroforestry system as compared to open 

farming system might be due to competition for light 

with the tree crop and also less weed population 

under the trees. Similar finding were also reported by 

Padmapriya and Chezhiyan (2009) that height of 
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turmeric crop under the shade was higher than open 

system.  

Leaf Area Index: Data on leaf area index at 90 DAS 

under different agroforestry systems are presented in 

Table 1. The higher LAI was observed under T2 

(5.02), T6 (5.00) and T10 (4.96) as compared to open 

condition (no tree). Green leaf area is the primary 

source of food production through the process of 

photosynthesis by the plants. Increased in leaf area 

index under agroforestry system as compared to open 

farming system might be due to availability of 

limited solar radiation under the soapnut tree which 

is required for photosynthesis. So, in order to capture 

more solar radiation the turmeric plant increased its 

leaf area leading to more leaf area index. 

 

Table 1. Growth parameters of turmeric under different agroforestry system and open system. 

Treatments Plant Height 

at 90  DAS 

Plant Height at 

180  DAS 

No of Leaves 

at 90 DAS 

No of Leaves 

at 180 DAS 

No of 

tillers 

LAI 

T1 84.35 96.85 6.09 8.33 3.98 4.28 

T2 91.85 104.75 7.24 12.03 4.02 5.02 

T3 86.52 99.01 6.79 9.63 4.31 4.88 

T4 88.64 101.52 6.51 10.03 4.52 4.72 

T5 84.65 100.24 6.95 10.32 4.63 4.65 

T6 90.65 102.20 7.06 11.56 4.22 5.00 

T7 83.23 94.20 6.44 10.22 4.85 4.35 

T8 90.58 99.83 6.55 9.68 5.02 4.38 

T9 89.13 98.81 6.88 9.65 5.26 4.87 

T10 89.28 100.15 6.75 9.98 5.24 4.96 

T11 90.5 99.91 6.56 10.24 5.04 4.98 

SEm ± 1.22 1.56 0.13 0.12 0.08 0.10 

CD (5%) 3.62 4.64 0.39 0.37 0.25 0.30 

 

Size of mother rhizomes: At the time of sowing the 

average size of five rhizome recorded (Table 2) and 

it was found that the maximum size of mother 

rhizome showed by the T9 (21.80 cm
2
) followed by 

T10 (21.32 cm
2
), T8 (18.65 cm

2
) and T11 (17.35 

cm
2
). The minimum size of mother rhizome was 

recorded under T1 (13.05 cm
2
) followed by T4 

(11.32 cm
2
), T3 (13.81 cm

2
) and T1 (13.85 cm

2
). 

Size of rhizomes: Five average rhizome were 

selected at the time of harvesting and their size was 

recorded (Table 2). The maximum rhizome size was 

recorded under T9 (415.34 cm
2
) followed by T10 

(411.81 cm
2
), T8 (387.16 cm

2
) and T1 (386.78 cm

2
). 

The minimum size of mother rhizome was found 

under T5 (255.36 cm
2
) followed by T7 (278.65 cm

2
), 

T4 (302.58 cm
2
) and T2 (308.20 cm

2
). 

Curcumin %: The yellow color of turmeric is due to 

the curcumin. The results (Table 2) of the present 

study reveals that the maximum per cent of curumin 

was found in the T2 treatment (4.12%) followed by 

T3 (4.06%), T6 (4.05) and T5 & T8 (3.89%). 

However the minimum per cent of curcumin was 

found under open (control) treatment T1 (3.11%) 

followed by T7 (3.69%) and T10 (3.81%). The 

results of curcumin content (%) in turmeric rhizome 

indicated the positive effect of shade on curcumin 

synthesis, translocation and assimilation in the 

rhizome. 

Curing %: The data for curing per cent are 

presented in Table 2. The proportion of boiled and 

dried product of the fresh rhizome is Curing 

percentage, which is influenced by the nutrients. 

Though curing percentage is a varietal character, it is 

also influenced by other factors such as soil moisture, 

soil fertility, and bright sunshine.  T2 treatment 

showed the maximum curing per cent (27.41%) 

followed by T6 & T8 (26.35%). The minimum 

curing per cent was recorded under the treatment T1 

(23.25%) followed by T5 (23.98%) and T7 (24.32%). 

Fresh yield of turmeric rhizome: The data defining 

the effect of different agroforestry system on the oil 

yield are summarized in Table 2. The results of this 

study reveals that the turmeric grown under the open 

condition (no tree) showed the maximum (22.20 t ha
-

1
) fresh rhizome yield followed by T10 (21.77 t ha

-1
), 

T11 (21.19 t ha
-1

), T9 (19.88 t ha
-1

) and T7 (19.65 t 

ha
-1

). The minimum yield of fresh turmeric rhizome 

was recorded in the T2 (17.36 t ha
-1

) T6 (17.52 t ha
-1

) 

and T3 (17.85 t ha
-1

). 

Cured yield: Data pertaining to cured yield as 

influenced by different agroforestry systems are 

tabulated in Table 2. It was observed that the 
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maximum cured yield (t ha
-1

) obtained in the T1 

treatment (6.08 t ha
-1

) followed by T10 (6.01 t ha
-1

) 

T11 (5.98 t ha
-1

) and T9 (5.94 t ha
-1

). The minimum  

cured yield was obtained under the T2 (4.68 t ha
-1

) 

T6 (4.81 t ha
-1

) and T7 (4.83 t ha
-1

). Under the open 

system (no tree) the fresh and cured yield was higher 

as compared to different agroforestry system, but it 

was non significant. It might be due to the reduced 

level of photosynthesis rate. Even though turmeric is 

a partially shade loving crop, higher level of shade 

had negative effect on yield. The similar results was 

obtained by Ridley (1912) who observed that 

turmeric grew luxuriantly in shade, but it produced 

higher and better rhizomes yield in the open ground 

which is exposed to full sunlight. Turmeric crop 

grows well under partial shade conditions, but thick 

shade affects the yield of rhizome adversely 

(Sundararaj and Thulasidas, 1976). 

 

Table 2. Yield and yield attributes of turmeric under different agroforestry system and open system. 

Treatments 

 

Size of 

mother 

rhizome 

(cm
2
) 

Size of 

rhizome 

(cm
2
) 

Curcumin % Curing % Fresh yield (t 

ha
1
) 

Cured 

Yield (t ha
-

1
) 

T1 13.85 386.78 3.11 23.25 22.20 6.08 

T2 14.52 308.20 4.12 27.41 17.36 4.68 

T3 13.81 373.81 4.06 24.65 17.85 5.46 

T4 11.32 302.58 3.65 24.74 18.22 5.49 

T5 15.32 255.36 3.89 23.98 18.08 5.17 

T6 16.35 366.31 4.05 26.35 17.52 4.81 

T7 16.85 278.65 3.69 24.32 19.65 4.83 

T8 18.65 387.16 3.89 26.35 19.45 5.53 

T9 21.80 415.34 3.92 24.63 19.88 5.94 

T10 21.32 411.81 3.81 24.49 21.77 6.01 

T11 17.35 385.39 3.88 24.65 21.19 5.98 

SEm ± 0.76 4.53 0.05 0.59 0.33 0.12 

CD (5%) 1.08 13.47 0.17 1.75 1.00 0.37 

 

Soil pH: The results pertaining to soil pH are 

presented in table 3 and showed that the values 

ranged from 6.85 to 7.51 under different agroforestry 

system and open system. Maximum (7.51) soil pH 

was recorded under open system as compared to 

different agroforestry system. Among the different 

agroforestry system the lowest soil pH was recorded 

under the T9 (6.85) followed by T10 (6.88) and T8 

(7.01). however the maximum in T7 (7.48) followed 

by T2 (7.39), T4 (7.33) and T3 (7.25). Lower pH 

values were observed under different agroforestry 

system as compared to the open system. The reason 

may be due to an increase in organic matter content 

of soil through the addition of leaf litter, twigs, 

branches, pruning materials and other biomass on the 

surface soil that could have significant effects on soil 

pH. The results are in general agreement with those 

obtained by Kumar et al. (2008) who reported that 

due to the addition of organic matter to the surface 

soil and release of weak organic acid during litter 

decomposition had resulted in decrease of soil pH. 

Soil Organic Carbon: The data presented in Table 3 

on soil organic carbon (%) indicated variation and 

ranged from 0.64 to 0.99 per cent under open system 

and different agroforestry system. Soil organic 

carbon content was observed maximum (0.99%) in 

T8 which was at par with  T9 (0.99) and T10 (0.98 ) 

and minimum in T1 (0.64) followed by T5 (0.88) 

which was at par with T7 (0.88). The soil enrichment 

in organic carbon content under the tree based 

systems could be reason of several factors such as 

addition of litter fall, fine root biomass recycled and 

root exudates and its reduced oxidation of organic 

matter under tree shades. The results obtained are in 

agreement with the finding of Bhardwaj et al. (2001) 

and Ghimire (2010). 

Available Nitrogen: The results pertaining to status 

of available soil nitrogen presented in Table 3. It is 

evident from the data that available soil nitrogen 

ranged from 264.84 to 304.51 kg ha
-1

 under open 

system and different agroforestry system. Among the 

different agroforestry system maximum available 

nitrogen was estimated under T9 (304.51 kg ha
-1

) 

followed by T10 (298.09 kg ha
-1

) T11 (296.21 kg ha
-

1
) and T4 (294.74 kg ha

-1
). The minimum available 

nitrogen was recorded under T6 (268.36 kg ha
-1

) and 

T7 (274.65 kg ha
-1

), but it was better than the open 

condition. Increase in available soil nitrogen under 

different agroforestry system as compared to open 

system was attributed to addition of organic matter in 

the form of leaf litter fall, twigs, small branches etc. 

to the soil. The mineralization of organic matter 

release nutrients to the soil (Osman et al., 2001). 

Similar finding was reported by Chaudhry et al. 

(2007) under poplar based agroforestry system. 

Available Phosphorus: The available phosphorus 

ranged from 15.36 to 18.68 kg ha
-1 

under open 

system and different agroforestry system,respectively 

(Table 3). The highest (18.68 kg ha
-1

) available 

phosphorus content was found under treatment T9 

which was at par with T10 (18.23 kg ha
-1

) and T11 

(18.01 kg ha
-1

) and lowest (15.36 ha
-1

) was found 
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under open condition (no tree) treatment T1. The 

maximum available phosphorus was recorded under 

different agroforestry system than open system. This 

might be attributed to higher phosphatase activity 

under the trees, as the organic anion exudation and 

acid phosphatase activity of tree roots has resulted to 

increase mobilization of phosphorus in the 

rhizosphere. Not only this greater phosphorus content 

could be due to nutrient pumping from deeper layer 

of soil by the tree species and is deposited to the 

surface soil layer through litterfall, small branches 

and twigs. The increase in soil phosphorus under tree 

based land-use system and forest cover has been 

reported earlier by Kumar and Chaudhuri (1997). 

Available Potassium: It is clear from the Table 3 

that available potassium ranged from 134.23 to 

161.52 kg ha
-1 

under open system and agroforestry 

system. Available potassium was observed 

significantly higher (161.52 kg ha
-1

) under T9 

followed by T8 (161.30 kg ha
-1

) and T10 (160.03 kg 

ha
-1

) agroforestry system as compared to open 

system (134.23 kg ha
-1

). The possible reason could 

be due to the addition of higher amount of litter fall 

in the forms of leaves, bark, small branches and fine 

roots to the soil. Thereafter, the decomposition 

process started depending upon the intensity of 

climatic variable such as solar radiation, temperature 

and relative humidity. As a result, variable quantity 

of available soil potassium may produce in the soil as 

compared to open farming system. Similar results 

were also reported by Chijioke (1980) who stated 

that the bulk of the organic matter and nutrients that 

are added or contributed by inclusion of tree species 

are mostly located in the top soil layer. 

 

Table 3. Soil properties under different agroforestry system and open system. 

Treatments 

 

pH SOC % Available N 

(kg ha
-1

) 

Available P (kg 

ha
-1

) 

Available K 

(kg ha
-1

) 

T1 7.51 0.64 264.84 15.36 134.23 

T2 7.39 0.89 290.43 17.35 154.32 

T3 7.25 0.96 293.71 17.68 156.32 

T4 7.33 0.94 294.74 18.12 158.37 

T5 7.11 0.88 289.35 18.07 153.23 

T6 7.21 0.87 268.36 16.52 149.68 

T7 7.48 0.88 274.65 16.97 159.36 

T8 7.01 0.99 294.61 17.68 160.30 

T9 6.85 0.99 304.51 18.68 161.52 

T10 6.88 0.98 298.09 18.23 161.03 

T11 7.05 0.88 296.21 18.01 158.43 

SEm ± 0.07 0.018 3.24 0.19 1.71 

CD (5%) 0.22 0.052 9.64 0.58 5.08 

 

CONCLUSION 

 

It is concluded that tree based system or agroforestry 

system have significant influence on growth and 

quality parameters of turmeric. In case of fresh yield 

and cured yield open condition (no tree) performed 

better than agroforestry system, but it was non 

significant. Therefore, the overall (Tree + crop) 

return by the agroforestry will be higher than the 

open condition. It is also concluded that the soil 

properties like SOC per cent, available N, P and K 

was greatly influenced by agroforestry system in 

comparasion to open system. So, agroforestry 

strategy that involves organic matter is crucial for 

nutrient exhaustive crops like turmeric for 

commercial cultivation. 
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Abstract: This study examines famers’ perception of the constraints affecting their   livelihood strategies in Adamawa State, 

Nigeria. The objective of the study was to examine the socio-economic characteristics of food crop famers and to analyze 

constraints that affect their livelihood strategies. A multistage random sampling technique was used to select 150 food crop 

farmers from 8 villages of four local government areas each from the four Agricultural Development Zone of the State.  

Structured questionnaire survey was used to obtained data from the respondents in the study area.  Descriptive statistics and 

Garret Ranking Technique was used to analyze the data obtained from the field survey. The study shows that majority 68.7% 

were full time farmers with average mean of 47 years of age and 30 years of farming experience. Majority (85.3%) was male 

farmers and only 15.3% of the respondent had no formal education with average land holding of 3.4 hectares. The result 

from the Garret Ranking Technique reveals that the most severe problem in the study area in term of financial constraints is 

inadequate access to credit facilities, lack of good roads was ranked the highest as infrastructural constraints and poor land 

fertility as the most severe among other production constraints. The study recommended intensive efforts of research toward 

reclamation of land fertility for sustainable agriculture, provision of affordable credit facilities and infrastructural facilities 

among other suggestions in the study.    

 

Keywords: Farmers’Perception, Constraints, Livelihood, Strategies, Adamawa, Nigeria 

 

INTRODUCTION 

 

griculture constitutes a significant sector in 

every economy and it contribute immensely to 

national wealth. Agriculture occupies a significant 

link in food security, poverty alleviation and human 

development chain and also provides employment 

for more than 70% of the population (Fabusoro and 

Agbonlahor, 2002) 

Rural households throughout the developing world 

depend on agriculture and other natural, non-

cultivated resources to meet subsistence needs and 

generate livelihood. The importance of agricultural 

growth to alleviating poverty and increase livelihood 

of household cannot be overemphasized. According 

to Mcgrue (2013) the role of agricultural growth in 

reducing poverty is likely greater than its role in 

driving overall economic growth, especially in the 

poorest countries. Indeed, most of the worlds 

extremely poor rely on agriculture and its related 

activities as critical contributors of their livelihoods. 

Hence, the need to enhanced agricultural growth that 

involves smallholders and generates employment 

(especially of the unskilled variety) for the poor. Of 

course, in addition to providing important economic 

growth, increased agricultural production and 

productivity are fundamental to meeting the global 

demand for food which is expected to have increased 

by 60% in 2050 (WHO, 2012). 

Rural households engage in diverse set of activities 

to generate income. According to Barret et al (2005) 

that very few people collect all their income from 

one source of income, and rationally never hold their 

wealth in only one single asset or use their assets in 

just one activity which makes diversification the 

norm. Livelihood diversification can be seen as an 

attempt by individuals and households to find new 

ways to raise incomes and reduce environmental risk. 

According to Ellis (1998) that livelihood 

diversification is the process by which households 

construct a diverse portfolio of activities and social 

support capabilities for survival and in order to 

improve their standard of living. 

Agricultural production strategies, apart from 

shedding light on efficient utilization of farms 

resources makes possible the charting of courses of 

action that helps in the attainment of maximum net 

returns and increased farm incomes. However, the 

task of livelihood strategies is rendered more 

complex because there are many ways of organizing 

production within individual enterprises, so that the 

balance between different resources inputs can be 

varied (Barnard and Nix, 1988). It follows therefore, 

that the achievement of the various livelihood 

strategies is dependent on the way resources are used 

within individual enterprises than the way they are 

allocated between enterprises. 

An understanding of the significance and nature of 

agricultural activities (especially its contribution to 

rural household income or resilience) is of utmost 

importance for policy makers in the design of potent 

agricultural and rural development policies. Further, 

the rising incidence of low level of welfare of rural 

households in Nigeria, that remains unabated despite 

various policy reforms undertaken in the various 

ways, requires a deeper understanding of the problem 

and the need to proffer solutions to the problem 

through approaches that place priority on the poor 
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and ways on which rural households through 

diversification can maintain their livelihood. 

Rural poor people struggle to maintain livelihood by 

developing different strategies of livelihood, whether 

they succeed in this struggle or not it is crucial that 

their sustainability or vulnerability of their livelihood 

is determines. A livelihood system could be 

sustainable if and if it can cope with and recover 

from the risks and maintain or enhance its 

capabilities and assets without undermining the 

natural resource base. It is in view of the above 

issues that study on the struggles of livelihood 

strategy by the rural people is necessary to 

understanding the contribution of making sustainable 

livelihood more especially in the wake of varying 

risks that possess threat  to rural livelihood.  Hence, 

the attempt to analyzethe constraints that impede on 

livelihood strategies and dependence on agriculture 

of farmers in Nigeria. The study will attempt to 

address the following objectives: 

i. To examine the farmer’s socioeconomic 

characteristics in the study area. 

ii. To examine the constraints affecting farmers 

livelihood strategy in the study area. 

 

METHODOLOGY 

 

Description of the study area 

The study was conducted in Adamawa state Nigeria. 

Adamawa State is located in the North East part of 

Nigeria between latitude 7.0
0
 N and 11.0

0
N of the 

equator and longitude 11.0
0
E and 14.0

0
E of the 

Greenwich meridian (Adaebayo, 1999). The State 

was created in 1991 from the defunct Gongola State. 

The state shares common boundary with Taraba State 

in the south and west, Gombe State in the North 

West and Borno State in the North. Adamawa State 

has an international boundary with Cameroun 

Republic along its eastern border. The State covers a 

land area of about 38,741 square kilometers and is 

divided into 21 Local Government Areas (LGA). The 

state has population of 3,161,374 people comprising 

of 1,580,333 males and 1,581,041 females (NPC, 

2006). As opposed to a national annual population 

growth rate of 3.2%, the population of Adamawa 

State is growing at 2.8% per annum (Adamawa State 

MDGs report, 2006).  

The State has a tropical climate marked by dry and 

rainy seasons. The rainy season commences in April 

and ends in late October. The wettest month is 

August and September. The mean annual rainfall 

pattern shows that the amounts range from 700mm in 

the North-West part to 1600mm in the southern part 

(Adebayo, 1999). The temperature characteristic in 

the state is typical of the West Africa Savannah. The 

climate is characterized by high temperature almost 

throughout the year due to high solar radiation which 

is relatively evenly distributed throughout the year. 

Maximum temperature in the state can reach 40
0
C 

particularly in April, while minimum temperature 

can be as low as 18
0
C between December and 

January. Mean monthly temperatures in the State 

ranges from 26.7 
0
C in the south to 27.8 

0
C in the 

north eastern part of the state. The major economic 

activity of the inhabitants is agriculture (farming, 

fishing and cattle rearing).  

Sampling procedure and Data Collection 

Adamawa State is made up of 21 local Government 

areas (LGAs)) and is divided into four agricultural 

zones by the Adamawa State Agricultural 

Development Programme (AD.ADP) for 

administrative convenience   namely the south west 

zone, the central zone, the North West zone and 

north east zone . Multi-stage random sampling 

technique was employed in the selection of 

respondents in these zones. In the first stage one 

local government area were randomly selected in 

each of the AD.ADP zones, to give a total of four 

sampled local government areas. In the second stage 

two villages were randomly sampled in each of the 

selected local government areas to give a total of 8 

sampled villages. The third stage sampling involved 

the random selection of 150 farmers in the 8 villages.  

Primary data was used for the study, which was 

obtained through the administration of questionnaire 

to farmers in the sampled villages with the assistance 

of trained personnel.  The data   collected was for 

2016 and 2017 farming seasons.  

Methods of Data Analysis 

Descriptive statistics (frequencies, percentages and 

mean ) was used to achieve objective one. Garret 

ranking technique was used to analyzed the 

constraints identified by the farmers in the study 

area. The formula is  

Per cent position = 100(Rij – 0.5)/Nj 

Where Rij = Rank given for the ith variable by the jth 

respondent 

Nj = Number of variables ranked by the jth 

respondent. 

 

RESULT AND DISCUSSION 

 

The distribution of the respondents by gender is 

presented in Table 1. It shows that majority(85.3%)  

of the respondents were males, while females 

constituted only 14.7%, which showed that food crop 

production in the study area was mostly undertaken 

by the male gender. The dominance of the male in 

the food crop production activities may be due to the 

fact that men are the ones saddled with the 

responsibility of taking care of the family and the 

low percentage of women participating in farming 

activities may also be explained by socio-cultural 

factors affecting women. 

Table 1 shows the distribution of farmers age in the 

study area and it reveal that majority 78.6% of the 

respondents were  between the ages of 31-60 years of 

age, while 8.0% and 13.3% were between the ages of 

15-30 and >60 years respectively. The mean age of 

the respondents was found to be 47.34 years, an 
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indication of significant variation in age of the 

respondents who are relatively young and physically 

active. This has direct bearing on the availability of 

able-bodied manpower for primary production. 

Moreover, age influences the ability to seek and 

obtain off-farm jobs and income, which could 

increase farmers’ income and ultimately their 

production capacity.  Fasasi (2007) reported a 

significant relationship between farmers’ age and 

efficiency in agricultural production where younger 

farmers have the tendency to operate more efficiently 

than older farmers.   

The distribution of the respondents by marital status 

is presented in Table 1. The table revealed that about 

76.70% of the respondents were married, while about 

12.0% were singles. Widows and the Divorced 

constituted 8.0% and 3.3% respectively. The 

implication of marital status on agricultural 

production can be explained in terms of the supply of 

agricultural family labour. The supply of family 

labour would be more where the household heads are 

married. 

Table1 also reveals that majority 52.0% of the 

respondents have household size between 1-5, while 

41.3% and 6.7% have household size between 6-10 

and above 10 respectively. The mean household size 

is 5.6. The number of persons in households is very 

important in determining labour availability for farm-

work. It also affects household income and its food 

requirements. Table1shows the educational level of 

the respondents, the result shows that majority 84.7% 

had formal education, while only 15.3% had no 

formal education. This study reveals that literacy 

level is high among the respondents and this could 

have implication on agricultural production in the 

area. Education affects productivity through a choice 

of better inputs and output, and through a better 

utilization of existing inputs. Adoption of agricultural 

innovations is also easier and faster among the 

educated farmers than the uneducated farmers as 

reported by Amaza et al. (2006) 

Majority 68.7% of the respondents indicated that 

farming is their main source of livelihood as it is 

shown in Table1, while only 31.3% of the 

respondents had other occupation other than farming 

as their main source of income. 

Table1 also reveals the farming experience of the 

respondents in the study area with majority 40% and 

40% having experience between 20-30 and above 30 

respectively, while 18.7% and 4.7% had experience 

between 11-20 and 1-10 respectively. The mean 

years of farming experience is about 30.4. This 

indicates that most of the respondents were well 

experienced in food crop production.  

Table1 reveals the farm size of the respondent with 

majority 31.3% had farm land of 2.6-3.5, 28.0%, 

27.3% and 13.3% had farm size between 3.6-4.5, 1-

2.5 and above 4.5 hectares of land respectively. The 

mean farm size of the respondents is about 3.4 

hectares. This reveals that farmers in the study area 

are mainly small scale farmers. According to Awoke 

and Okorji (2005), small scale farmers are farmers 

who cultivate between 0.1 and 5.99 hectares and 

produce on subsistence level. 

The analysis of constraints faced by the respondents 

in the study area in achieving their livelihood 

strategies is presented in tables 2, 3,4, 5, 6 and 7. 

Food crops farmers were asked to rank according to 

severity the problem they face as the struggle to 

achieve better livelihood.  The result from table 3 

reveals that inadequate access to credit with average 

score of 57.27 scored the highest problem faced by 

the respondents inthe study area. High interest rate 

with average score of 51.83 is ranked second, while 

lack of collateral to secure loan had the average score 

of 45.64 was ranked third by the respondents. The 

importance of finance in agricultural production 

cannot be overemphasize. 

Table 5 shows the percentage position and their 

corresponding Garret average score of the 

infrastructural constraints and the correspondent rank 

as indicated by the respondents in the study area. It is 

observed from the table 5 that lack of good roads 

71.74 has been ranked as the first infrastructural   

constraints faced by the respondents, while poor 

storage facilities 55.5, lack of mobility 47.59, 

absence of marketing network for farm produce 

44.56, and lack of irrigation facility ranked 2
nd

, 3
rd

, 

4
th

 and 5
th

repectively. Infrastructural facilities is 

essential for improve agricultural activities. 

Production constraints and respondents ranking is 

presented in Tables 6 and 7. Table 7 depicts that poor 

land facility with average score of 66.80 ranked first 

as the highest problem faced by the respondents in 

the study area. Inadequate farm credit with average 

score of 60.42, variability in amount of rainfall 

(56.73), inadequate research and extension support 

(56.15), cattle rears (54.59) were ranked as 2
nd

, 3
rd

, 

4
th

, and 5
th

 respectively. Other production problems 

include lack of good storage facilities (53.52), bird 

infestation (51.60), low price of food crop (51.14), 

shortage of labour (49.91) and disease infestation 

(46.88). All these problems put together if not 

properly manage can impede the production 

capabilities of farmers and of course affect their 

struggle for better livelihood, considering the fact 

that agriculture is the hope and stay of the rural 

populace.

 

Table 1. Socioeconomic Characteristic of the Respondents (N=150) 

Variables Frequency Percentage 

Age 

15-30 

 

12 

 

8.0 

31-45 59 39.3 
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Source: Field Survey, 2017 

 

Table 2. Financial constraints and respondents total ranking 

FINANCIAL CONSTRAINTS  RANKING  TOTAL 

 

1 2 3 

 
Inadequate access to credit 67 43 18 128 

 
High interest rate charged on loan 46 44 34 124 

 
Lack of collateral to secure loan 23 38 48 109 

  

Table 3. Percentage Positions and their corresponding Garrett’s Table values 

FINANCIAL CONSTRAINTS %POSITON 

GARRET 

SCORE 

TOTAL  

SCORE 

AVERAGE 

SCORE RANK 

Inadequate access to credit 16.66667 69 7331 57.27344 1 

High interest rate charged on loan 50 50 6428 51.83871 2 

Lack of collateral to secure loan 83.33333 31 4975 45.6422 3 

Source: Field survey, 2017. 

 

Table 4. Infrastructural constraints and respondents total ranking 

INFRASTRUCTURAL CONSTRAINTS RANKING TOTAL 

 

1 2 3 4 5 

 Lack of good roads 104 19 3 4 1 131 

Poor storage facilties 17 49 40 6 10 122 

46-60 59 39.3 

>60 20 13.3 

Gender   

Male 128 85.3 

Female 22 14.7 

Marital Status   

Married 115 76.7 

Single 

Widow 

Divorce 

Household size 

18 

12 

5 

12.0 

8.0 

3.3 

1-5 78 52.0 

6-10 62 41.3 

>10 10 6.7 

Educational Level   

Non- Formal Education 23 15.3 

Primary 24 16.0 

Secondary 39 26.0 

Tertiary 64 42.7 

Years of Experience   

1-10 7 4.7 

11-20 28 18.7 

21-30 60 40.0 

>30 55 40.0 

Farm size   

1-2.5 41 27.3 

2.6-3.5 47 31.3 

3.6-4.5 42 28.0 

>4.5 20 13.3 

Occupation   

Farming 103 68.7 

Other occupation 47 31.3 
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Lack of mobility 6 38 28 24 25 121 

Absence of marketing network for farm produce 10 10 26 50 20 116 

Lack of irrigation facilty 6 19 18 18 40 101 

Source: Field survey, 2017. 

 

Table 5. Percentage Positions and their corresponding Garrett’s Table values 

INFRASTRUCTURAL CONSTRAINTS %POSITON 

GARRET 

SCORE 

TOTAL  

SCORE 

AVERAGE 

SCORE RANK 

Lack of good roads 10 76 9398 71.74046 1 

Poor storage facilties 30 61 6771 55.5 2 

Lack of mobility 50 50 5759 47.59504 3 

Absence of marketing network for farm produce 70 40 5170 44.56897 4 

Lack of irrigation facilty 90 25 4235 41.93069 5 

Source: Field survey, 2017. 

 

Table 6. Production constraints and respondents total ranking 

PRODUCTION CONSTRAINTS RANKING TOTAL 

 
1 2 3 4 5 6 7 8 9 10 11 

 
INADEQUATE FARM CREDIT 37 17 6 2 8 12 15 13 9 2 3 124 

DISEASE INFESTATION 6 4 8 7 12 13 20 11 12 14 7 114 

SHORTAGE OF LABOUR 8 12 15 10 7 14 7 15 18 11 7 124 
VARIABILITY IN AMOUNT OF 

RAINFALL 13 23 15 16 23 6 8 4 9 6 7 130 

BIRD INFESTATION 5 13 11 13 12 15 19 10 11 7 4 120 

PESTS AND DISEASES 3 8 10 4 4 2 11 14 12 23 20 111 

CATTLE REARERS 5 15 23 21 14 14 6 10 8 5 6 127 

INADEQUATE RESEARCH & 
EXTENSION SUPPOERT 6 23 13 26 8 8 3 5 3 6 9 110 

POOR LAND FERTILITY 52 14 15 8 14 6 3 7 5 3 1 128 

LACK OF GOOD STORAGE FACILITIES 4 12 19 22 11 17 13 7 1 8 7 121 

LOW PRICE OF FOOD CROP 6 20 9 13 16 8 3 6 9 5 17 112 

Source: Field survey, 2017. 

 

Table 7. Percentage Positions and their corresponding Garrett’s Table values 

PRODUCTION CONSTRAINTS %POSITON 

GARRET 

SCORE 

TOTAL  

SCORE 

AVERAGE 

SCORE RANK 

INADEQUATE FARM CREDIT 4.545455 83 7493 60.42742 2 

DISEASE INFESTATION 13.63636 72 5345 46.88596 10 

SHORTAGE OF LABOUR 22.72727 65 6189 49.91129 9 

VARIABILITY IN AMOUNT OF RAINFALL 31.81818 60 7376 56.73846 3 

BIRD INFESTATION 40.90909 55 6193 51.60833 7 

PESTS AND DISEASES 50 50 4539 40.89189 11 

CATTLE REARERS 59.09091 46 6934 54.59843 5 
INADEQUATE RESEARCH & EXTENSION 

SUPPOERT 68.18182 41 6177 56.15455 4 

POOR LAND FERTILITY 77.27273 35 8551 66.80469 1 

LACK OF GOOD STORAGE FACILITIES 86.36364 28 6476 53.52066 6 

LOW PRICE OF FOOD CROP 95.45455 18 5728 51.14286 8 

Source: Field survey, 2017. 

 

CONCLUSION AND RECOMMENDATIONS 

This study revealed that male dominated the farming 

activities in the study area. Majority of the 

respondents are small scale farmers with production 

at subsistent level. The study also revealed that most 

of the respondents are married with experience in 
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farming.  Majority of the respondents were educated. 

The constraints identified as the most severe in the 

study area in term of financial constraints is 

inadequate access to credit facilities, lack of good 

roads was ranked the highest as infrastructural 

constraints and poor land fertility as the most severe 

in term of production constraints among other 

problems.  

Based on the findings of these study the following 

recommendations were made: 

1. Government and donor agencies should put in 

place practical and workable policies and 

programs that will ensure adequate credit 

facilities to farmers and make these credit 

facilities accessible and affordable 

2. Efforts be intensify on the part of government 

and non-governmental agencies to provide 

infrastructural facilities that will help in boosting 

livelihood of farmers. 

3. Efforts on research be intensified to more 

especially forestall further depletion of land 

fertility and reclaim the fast depletion of fertility 

of land due to ever increasing activities on land 

by mankind.  Furthermore adequate and timely 

supply of agricultural inputs is necessary for 

improvement of farmers’ livelihood.  
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Abstract: Finger millet (Eleusine indica) is an important small millet crop that is hardy and grows well in dry zones as rain-

fed crops. There were thirteen treatments which comprised single application of different post-emergence herbicides either 

alone or in combination and hand weeding was conducted on Clayey Vertisols soil of College of Agriculture, Raipur during 

kharif season of 2012. The highest number number of fingers m
-2

, finger length, number of  fingerlet  finger
-1   

, number of 

grains finger
-1 

and  test weight was observed in hand weeding twice which.  Hand weeding twice at 20 and 40 DAS 

proved significantly superior to all other treatments. Among different herbicidal weed management practices, 

ethoxysulfuron recorded the highest grain yield. Straw yield of finger millet was the highest under hand weeding twice 

which was  at  par  with  that  of  metsulfuron  methyl  +  chlorimuron  ethyl  and Hand weeding twice gave higher 

harvest index.  Hand weeding twice recorded the highest grain yield and net return. Application of ethoxysulfuron registered 

the highest B:C ratio which was at par with metsulfuron methyl + chlorimuron ethyl and hand weeding twice.  

 

Keywords: Weed management, Finger millet, Herbicides, Poaceae  

 

INTRODUCTION 

 

inger millet is a seeded annual cereal which 

belongs to the grass family, Poaceae. The height 

of a mature plant ranges from 30-150 cm in the cool, 

high-altitude regions of Africa and Asia, where it is 

grown for its seeds.  The seeds, which may be white, 

light brown, or dark brown, are consumed in a 

variety of forms including as unleavened bread made 

from milled flour. Various types of porridge and 

alcoholic beverages are also prepared from the seeds. 

 Weeds are the major biotic stresses for finger millet 

cultivation. Its seeds are very small, which leads to a 

relatively slow development in early growing stages. 

This makes finger millet a weak competitor for light, 

water and nutrients compared with weeds. Finger 

millet is especially valuable as it contains the amino 

acid methionine, which is lacking in the diets of 

hundreds of millions of the poor who live on starchy 

staples such ascassava, plantain, polished rice, 

or maize meal. Finger millet can be ground and 

cooked into cakes, puddings or porridge. The grain is 

made into a fermented drink (or beer) in Nepal and in 

many parts of Africa. The straw from finger millet is 

used as animal fodder. It is also used for a flavored 

drink in festivals. Nutritional value of finger millet 

per 100g Protein 7.6g, Fat 1.5g, Carbohydrate 88g, 

Calcium 370mg, Vitamins - A: 0.48mg, 

Thiamine (B1): 0.33mg, Riboflavin (B2): 0.11mg, 

Niacin: (B3) 1.2mg. It is used both as medicinal and 

traditional purposes. Finger millet is a high statue 

crop with slower initial growth which remains under 

smothering due to the infestation of weeds at early 

stages of growth. This situation causes higher 

competition and may result in drastic reduction in 

yield (Kushwaha et al. 2002). The production and 

productivity of the country is lower because of weeds 

pose one of the major constraints in the production of 

finger millet. Owing to initial slow growth of the 

finger millet favours weed growth, which cause more 

competition for sunlight, nutrient and water in early 

stages of growth lead in lowering productivity 

(Kumara et al. 2007). The critical period of crop 

weed competition for the finger millet varies from 

25-45 days after sowing (Lall and Yadav, 1982). 

Weeds compete with crop plants for water, nutrients, 

space and solar radiations by reduction of yield upto 

20 to 50 per cent. (Kushwaha et al. 2002) reported 

that weeds caused an appreciable reduction in 

density, dry weight and depletion of nutrients. 

Manual weed management, which is the most 

prevalent method for weed management in finger 

millet, requires a lot of labour. Now a day, due to the 

scarcity of labours, chemical weed management is 

considered as better option than the hand weeding.  

Chemical weed management practices might be an 

answer to achieve greater weed control efficiency, 

which in turn, may increase over all benefit of finger 

millet cultivation. The work on effect of post 

emergence herbicides in weed management of finger 

millet is very limited; therefore, keeping these points 

in view the present investigation was carried out to 

evaluation of post-emergence herbicides for weed 

management in direct sown finger millet.  

 

MATERIAL AND METHOD 

 

The present investigation entitled “Evaluation of 

post-emergence herbicides for weed management in 

direct sown Finger millet.” was carried out at 

Instructional cum Research Farm, Indira Gandhi 

Krishi Vishwavidyalaya, Raipur (C.G.) India, during 

F 
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the kharif season (July-November) 2012. The soil of 

experimental field was Clayey (Vertisols), which was 

low in nitrogen, medium in phosphorus and high in 

potassium contents with neutral in pH. The 

experiment was laid out in randomized block design 

(RBD) with three replications. There were thirteen 

treatments of post-emergence herbicides along with 

two hand weeding and untreated control. The finger 

millet cultivar “GPU-28” was sown and harvested on 

11
th

 July, 2012 and 20
th

 November, 2012 

respectively, using seed rate of 10 kg ha
-1

 at 25 cm 

distance and gaps were maintained by thinning to 

obtain proper plant population. Sowing was 

performed by manually and crop was fertilized with 

60:40:40 N: P2O5:K2O kg ha
-1

. 
 
Half dose of nitrogen 

(30 kg/ha) and full dose of P and K (40 and 20 Kg/ha 

respectively) were applied as basal and remaining 

half of nitrogen (30 kg/ha) was top dressed one 

month later.
 
Plant protection measures were followed 

as per recommendation. The treatments were viz. T1- 

Fenoxaprop-p-ethyl (37.5 g ha
-1

), T2- Fenoxaprop-p-

ethyl (45.0 g ha
-1

), T3- Metsulfuron methyl + 

Chlorimuron ethyl, T4- Ethoxysulfuron, T5 – 

Cyhalofop-butyl, T6- Fenoxaprop-p-ethyl (37.5 g ha
-

1
) + metsulfuron methyl + chlorimuron ethyl, T7- 

Fenoxaprop-p-ethyl (45.0 g ha
-1

) + metsulfuron 

methyl + chlorimuron ethyl, T8- Fenoxaprop-p-ethyl 

(37.5 g ha
-1

) + ethoxysulfuron, T9- Fenoxaprop-p-

ethyl (45.0 g ha
-1

) + ethoxysulfuron, T10- Cyhalofop-

butyl + metsulfuron methyl + chlorimuron ethyl, T11- 

Cyhalofop-butyl + ethoxysulfuron, T12- Hand 

weeding twice and T13- Weedy check. The 

observations were recorded on the yield attributing 

characters and yield of crop to study the effect of 

weed management on productivity of Finger millet. 

Post harvest observations were recorded from net 

plot area under each treatment. Five fingers of the 

tagged plants were harvested separately and the 

length was measured in cm with the help of scale. 

Number of fingers was recorded from one m
-2 

area 

of each plot and used for statistical analysis. 

Number of total fingerlets finger
-1 

was recorded 

from five randomly tagged plants and mean was 

worked out by dividing the total number of fingerlets 

by five and used for statistical analysis. Five panicles 

of the tagged plant were harvested separately and 

grains were manually removed from the panicle. The 

number of filled grains finger
-1 

was counted and the 

mean was calculated. 1000 seeds from the winnowed 

produce of each plot were counted and same were 

oven dried till constant weight and then weight was 

recorded in gram by using an electronic digital 

balance. Grain yield of the net plot was noted after 

threshing, winnowing and drying, and then 

calculated in kilogram hectare 
-1 

with appropriate 

multiplication factor. The harvested produce from 

each net plot was tied in bundles separately. 

Straw yield of plot was noted down after 

subtraction of grain yield from bundle weight. 

Bundle weight was recorded in kilogram hectare
-1 

with the help of spring balance. Harvest index was 

computed as the ratio of economic yield i.e. grain 

yield ha
-1 

to the total biomass i.e. biological yield 

ha
-1  

(grain and straw) and expressed in per cent, 

using formula given by Donald (1962) - 

       Grain yield 

Harvest index (%) =   × 100 

    Biological yield 

 

RESULT AND DISCUSSION 

 

Hand weeding twice at 20 and 40 DAS proved 

significantly superior over all the treatments (Table 

1). The lowest number of finger was recorded in 

fenoxaprop-p-ethyl (45.0 g ha
-1

). The highest finger 

length was observed in hand weeding twice which 

was at par with ethoxysulfuron, metsulfuron methyl 

+ chlorimuron ethyl, fenoxaprop-p-ethyl (45.0 g ha
-

1
) + ethoxysulfuron.  

The lowest finger length was observed  in  weedy  

check  which  was  statistically  similar  with  

cyhalofop-butyl, cyhalofop-butyl + metsulfuron 

methyl + chlorimuron ethyl and fenoxaprop-p-

ethyl (45.0 g ha
-1

).  

Maximum number of fingerlet finger
-1   

was 

recorded  under  hand  weeding twice which was at 

par with ethoxysulfuron and metsulfuron methyl + 

chlorimuron ethyl and both were significantly 

superior over rest of the treatments. The lowest 

number of fingerlet finger
-1 

was found in weedy 

check.  

The highest number of grains finger
-1 

was recorded 

under hand weeding twice which was at par with 

ethoxysulfuron, metsulfuron methyl + chlorimuron 

ethyl and fenoxaprop-p-ethyl (45.0 g ha
-1

) + 

ethoxysulfuron and significantly superior over rest of 

the treatments. The lowest number of grains finger
-

1 
was found in weedy   check   which   was   at   

par   with   cyhalofop-butyl,   cyhalofop-butyl   + 

ethoxysulfuron, cyhalofop-butyl + metsulfuron 

methyl + chlorimuron ethyl and fenoxaprop-p-ethyl 

(37.5 g ha
-1

).  

The variation in test weight due to application of 

various weed management practices was observed. 

Lowest test weight was found in weedy check. Grain 

yield was significantly influenced by different weed 

management practices (Table 2). Hand weeding 

twice at 20 and 40 DAS proved significantly 

superior to all other treatments, which might be due 

to better weed control. The loss in grain yield due to 

weed competition was 55.4 per cent in weedy 

check. Singh and Arya (1999) also reported higher 
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grain yield with hand weeding twice.  Per cent 

increase or decrease in grain yield of finger millet 

over weedy check is given in Fig.1 Among different 

herbicidal weed management practices, 

ethoxysulfuron recorded the highest grain yield 

which was at par with metsulfuron methyl + 

chlorimuron ethyl and significantly better than rest 

of the treatments including weedy check. The 

increase in grain yield was 47.0 and 42.8 per cent 

over weedy check, however, the yield was 34.4 and 

36.3 per cent lesser compared to hand weeding twice 

with application of ethoxysulfuron and metsulfuron 

methyl + chlorimuron ethyl, respectively. These two 

herbicides controlled broad leaf weeds and sedges 

efficiently and were relatively non- phytotoxic to 

finger millet which might have resulted in higher 

grain yield than that of weedy check, however, the 

grasses were not controlled leading to poor grain 

yield compared to hand weeding twice. This is in 

confirmaly with Prasad et al. (2010) and Bhowmick 

and Ghosh (2002). The lowest grain yield was 

recorded under fenoxaprop-p-ethyl (45.0 g ha
-1

). 

The data indicated that hand weeding twice at 20 and 

40 DAS produced significantly higher straw yield 

which was at par with metsulfuron methyl + 

chlorimuron ethyl and ethoxysulfuron  and  

significantly superior  over  rest  of  the treatments. 

The higher straw yield under hand weeding was 

also reported by Naik et al. (2001).  

Hand weeding twice gave higher harvest index 

(13.77 %), which was at par with combined 

application of fenoxaprop-p-ethyl (37.5 g ha
-1

) + 

ethoxysulfuron.The lowest harvest index was found 

with cyhalofop-butyl + ethoxysulfuron. In case of 

application of post emergence herbicide, the weed 

index (loss of yield due to weeds) ranged from 34.37 

per cent to 93.62 per cent.  

Gross returns, net returns and benefit: cost ratiowere 

worked out for different treatments (Table 3). Hand 

weeding twice gave maximum gross return which 

was due to higher grain and straw yield. 

Fenoxaprop-p-ethyl (45.0 g  ha
-1

)  gave  minimum  

gross  return which was due to the lower yield. The 

maximum net return was observed in hand 

weeding twice which was at par with application of 

ethoxysulfuron and metsulfuron methyl + 

chlorimuron ethyl. All the other treatments recorded 

negative net return. The maximum B:C ratio was 

recorded with application of  ethoxysulfuron which 

was at par with that of metsulfuron methyl + 

chlorimuron ethyl and hand weeding twice. 

Minimum B:C ratio was observed with application 

of fenoxaprop-p- ethyl (45.0 g ha
-1

) which was at 

par with that of cyhalofop-butyl + ethoxysulfuro. 

Economics 

Hand weeding twice recorded the highest gross 

return. Among herbicides ethoxysulfuron gave 

maximum gross return which was at par with that of 

metsulfuron methyl + chlorimuron ethyl. 

Fenoxaprop-p-ethyl (45.0 g ha
-1

) gave minimum 

gross return. The maximum net return was observed 

in hand weeding twice which was at par with 

application of ethoxysulfuron and metsulfuron 

methyl + chlorimuron ethyl and B:C ratio was 

observed with ethoxysulfuron which was at par with 

that of metsulfuron methyl + chlorimuron ethyl and 

hand weeding twice.

  

Table 1. Yield attributes at harvesting stage of finger millet as influenced by different herbicidal treatments 

Treatment Dose 

(g ha
-1

) 

Number of 

finger (m
-2

) 

Finger length 

(cm) 

No. of fingerlets 

finger
-1

 

No. of grains 

finger
-1

 

Test 

weight (g) 

T1 : Fenox  26.67 7.49 5.05 1588 2.88 

T2 : Fenox 45.0 12.00 7.19 5.69 2060 2.85 

T3 : MSM+CME 2.0+2.0 85.33 8.23 6.74 2652 3.19 

T4 : Ethox 15.0 81.33 8.31 6.89 2712 3.20 

T5 : Cyhalo 62.5 46.67 6.97 5.13 1510 2.99 

T6 : Fenox+MSM+ CME 37.5+2.0+2.0 46.00 7.40 6.18 2207 2.73 

T7 : Fenox+MSM+ CME 45.0+2.0+2.0 48.00 7.46 6.13 2229 2.79 

T8 : Fenox+Ethox 37.5+15.0 52.67 7.71 6.13 2193 2.97 

T9 : Fenox+Ethox 45.0+15.0 38.67 7.95 6.20 2507 2.77 

T10 : Cyhalo+MSM+ CME 62.5+2.0+2.0 38.00 7.16 5.16 1532 2.87 

T11 : Cyhalo+Ethox 62.5+15.0 28.00 7.56 5.07 1584 2.97 
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T12 : Weed free (HW at 20 

and 

40 DAS) 

  

104.00 

 

8.43 

 

6.96 

 

2890 

 

3.21 

T13: Weedy check  78.67 6.24 4.47 1317 2.33 

SEm ± 

CD at 5 % 

 3.84 

11.2 

0.33 

0.97 

0.36 

1.06 

163.76 

478.07 

0.11 

0.34 

Fenox = Fenoxaprop-p-ethyl, MSM = Metsulfuron methyl, CME = Chlorimuron ethyl, Ethox = Ethoxysulfuron, 

Cyhalo = Cyhalofop butyl, HW = Hand weeding 

 

Table 2. Grain yield, Straw yield, Harvest Index and Weed Index of finger millet as influenced by different 

herbicidal treatments 

Treatment Dose 

(g ha
-1

) 

Grain yield 

(Kg ha
-1

) 

Straw yield 

(Kg ha
-1

) 

Harvest index 

(%) 

Weed index 

(%) 

T1 : Fenox  140 1395 9.11 88.47 

T2 : Fenox 45.0 77 637 11.11 93.62 

T3 : MSM+CME 2.0+2.0 771 6155 11.34 36.23 

T4 : Ethox 15.0 794 5479 13.00 34.37 

T5 : Cyhalo 62.5 188 1217 13.39 84.53 

T6 : Fenox+MSM+ CME 37.5+2.0+2.0 191 1427 12.44 84.23 

T7 : Fenox+MSM+ CME 45.0+2.0+2.0 188 1219 13.44 84.52 

T8 : Fenox+Ethox 37.5+15.0 180 966 15.67 85.15 

T9 : Fenox+Ethox 45.0+15.0 165 819 15.56 86.37 

 

T10 : Cyhalo+MSM+ CME 

 

62.5+2.0+2.0 

163 1328 11.00 86.53 

T11 : Cyhalo+Ethox 62.5+15.0 119 1276 8.44 90.22 

T12 : Weed free (HW at 20 and 40 

DAS) 

 1210 6363 16.00 - 

T13: Weedy check  540 3737 12.64 55.40 

SEm ± 

CD at 5 % 

 21.58 

63.00 

310.86 

907.34 

0.76 

2.23 

- 

- 

Fenox = Fenoxaprop-p-ethyl, MSM = Metsulfuron methyl, CME = Chlorimuron ethyl, Ethox = Ethoxysulfuron, 

Cyhalo = Cyhalofop–butyl, HW = Hand weeding 
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Fig 1: Per cent increase or decrease in grain yield of finger millet over weedy check as influenced by influenced 

different herbicidal treatments. 

 

Table 3. Economics of different post emergence herbicides for weed management in finger millet 

 

Treatments 

Total Cost of 

Cultivation (Rs ha
-1

) 

Gross Return 

(Rs ha
-1

) 

Net Return 

(Rs ha
-1

) 

 

B:C Ratio 

T1 : Fenox 12028 2863 -9165 0.24 

T2 : Fenox 12162 1551 -10611 0.13 

T3 : MSM+CME 11662 15417 3755 1.32 

T4 : Ethox 11795 15662 3867 1.33 

T5 : Cyhalo 12706 3682 -9023 0.29 

T6 : Fenox+MSM+ CME 12328 3801 -8527 0.31 

T7 : Fenox+MSM+ CME 12462 3689 -8773 0.30 

T8 : Fenox+Ethox 12548 3488 -9060 0.28 

T9 : Fenox+Ethox 12682 3199 -9483 0.25 

T10 : Cyhalo+MSM+ CME 13006 3260 -9746 0.25 

T11 : Cyhalo+Ethox 13226 2467 -10759 0.19 

T12 : Weed free (HW at 20 and 40 DAS) 18370 23377 5007 1.27 

T13: Weedy check 11070 10648 -422 0.96 

SEm ± 

CD at 5 % 
 451.39 

1317.5 
451.39 

1317.5 
0.03 

0.10 

Fenox = Fenoxaprop-p-ethyl, MSM = Metsulfuron methyl, CME = Chlorimuron ethyl, Ethox = Ethoxysulfuron, 

Cyhalo = Cyhalofop–butyl, HW = Hand weeding
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Abstract: A field experiment was conducted during at SIF, C.S. Azad University of Agriculture & Technology,Kanpur-

208002 (UP) during two Kharif seasons of 2015 and 2016. The experiment consisted 12 treatments having four 

intercropping viz, sesame + maize (4:1), sesame + maize (8:2), sesame + urd (4:1) and sesame + urd (8:2) and three weed 

management practices viz, Hand weeding, Pre-emergence of Pandimethaline 30% EC@3.0 L/ha and Early post-emergence 

of Alachlor 50% EC@ 0.75 kg/ha replicated four times. The experiment was laid out in Factorial Randomized Block Design. 

The main crop as Sesame of Shekhar variety and sub crops as Maize of P-3441 variety and urd of Shekhar-2 variety were 

used in the study year. The all weed flora were counted significantly lowest, in treatment of sesame + urd (8:2) inter 

cropping composed to remaining intercropping treatment during both the years, respectively. The grain yield of sesame was 

significantly higher produced in sesame + urd (8:2) treatment over other rest treatment during 2015 and 2016 years, 

respectively.The grain yield of maize and urd intercrops with sesame in 8:2 row ratio was statistically higher produced than 

4:1 row ratio during both the years except urd intercrop in second year only. The monetary benefits of main crop (sesame) 

was recorded significantly more with sesame + urd (8:2) inter cropping over used rest intercropping during both the years, 

respectively. The intercropping of sesame + urd (8:2) were found significantly higher quality parameters viz., protein and oil 

content over sesame + maize (4:1), sesame + maize (8:2) and sesame + urd (4:1) intensively during both the years, 

respectively. The hand weeding practice was significantly reduced weed populations, over chemical weed management 

practices as pre-emergence of Pendimethaline and early post emergence of Alachlor, respectively during both years. The 

response of weed management practices was significantly noted in hand weeding practice in respect to grain yield of main 

crop (sesame) and sub crop (Maize and urd) over applied chemical weedicides as pendimethaline and Alachlor during both 

the years, respectively. The monetary advantages viz., system of productivity and profitability and quality aspects viz, 

protein and oil content with hand weeding practice were significantly more than applied both chemical control of 

pendimethaline and Alachlors in both the years, respectively. Therefore, inter cropping sesame + ured (8:2) with hard 

weeding practice may be recommended in respect to all weed populations reduced more produced grain yield of main and 

sub crop monetary advantages and quality aspects. 

 

Keywords: Weed management, Crops, Kharif, Treatment  

 

INTRODUCTION 

 

esame is most widely grown oilseed crop of the 

world which belongs to family pedaliaceae. It 

contains 48.52% oil, 20-25% protein & 14-20% 

corbohydrate. Seed of sesame has pronounced 

antioxidant activity and thereby offer higher shelf life 

and it is called as “seeds of mortality”. The oil of 

sesame is used for cooking baking, making soaps, 

lubricant, hair treatment, point, perfumery products 

and drugs (As a drugs it is used for controlling of 

stress, tension and blood pressure). It leaves are used 

for vegetable soups, in African countries its seeds are 

used when fried and mixed with sugar. While stems 

are used for making paper, fuel and source of potash 

after burning.Intercropping is the system of 

management of crop which involves growing of two 

or more than two species of different crop in distinct 

weed management on the same piece of land. 

Intercropping system legumes & cereals areinvolved 

which have many processes such as competitive and 

complimentary to the components of crops.Day by 

day due to rapid increase in the population the 

demand for food grain production also increased 

rapidly. Many farmers grow more food gram crop to 

fulfill the increasing the food demand of population 

even then it is not grown up belong farmers grow 

single crop at a time or adopt mono-cropping 

because. Growing of two or more than two crops or 

adopting intercropping system increases their cost of 

cultivation which is not affordable by marginal 

farmers. Maize (Zea Mays L.) crop produced 

throughout the country under diverse environment 

conditions. Higher maize production depends upon 

the correct applications of production inputs which 

sustain the environment as well as agricultural 

production.Urd bean or black gram (vigna mungo L.) 

is an important pulse crop of India. As well as Kharif 

bonus crop. Urd bean used in the form of „dal‟ in the 

country. Therefore experiments of crops like sesame, 

maize and urdbean were evaluated for their 

sustainability for intercropping system under weed 

management practices of Central U.P. 
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MATERIAL AND METHOD 

 

A field experiments was laidout at Students 

Instructional Farm of C.S. Azad University of 

Agriculture and Technology, Kanpur-208002 (UP) 

during Kharif season of 2015 and 2016 on entitled 

“Study of Effects of Weed Management Practices on 

Monetary advantages and quality of sesame weed 

management practices on monetary advantages and 

quality of sesame based intercropping with Kharif 

seasons crops. The experiment comprising of twelve 

treatments were laid out in a Factorial Randomized 

Block Design with 4 replications. The experiment 

consisted 12 treatments having four intercropping 

viz, sesame + maize (4:1), sesame + maize (8:2), 

sesame + urd (4:1) and sesame + urd (8:2) and three 

weed management practices viz, Hand weeding, Pre-

emergence of Pandimethaline 30% EC@3.0 L/ha and 

Early post-emergence of Alachlor 50% EC@ 0.75 

kg/ha replicated four times.The soil of the 

experiment field was sandy loam in texture with pH 

of 7.58 and EC of 0.20 mmhos/m at 25C. The sown 

of main crop as Sesame of Shekhar variety and sub 

crops as maize of P-3441 variety and Urd of 

Shekhar-2 variety were used in the experiment. Seed 

rate of sesame @ 5 kg/ha, maize @ 20 kg/ha and urd 

@ 16 kg/ha. were sown, row to row spacing for 

sesame is 30 cm & 10 cm for urd crop and 35 cm for 

maize crop were done by country plough on date 

13.07.2015 and 15.07.2015 at intercropping row ratio 

and weed management practices as per treatments. 

The crops harvested were done by soils maturity on 

28.09.2015 and 30.09.2016 of Urd crop, 07.10.2015 

& 08.10.2016 of maize crop and 24.10.2015 and 

28.10.2016 of sesame crop. Recommended dose of 

fertilizer was used in the study years. 

 

RESULT AND DISCUSSION 

 

STUDIES ON INTERCROPPING SYSTEMS 

Effect on weed flora 

The intercropping of urd with seasame crop of 8:2 

row ratio were significantly reduced all weed flora 

viz, sorghum helepence, Anagalis arvensis, cyperus 

rotunches, digeraarversis, carnopus, didymus, 

parthenium hystrophorus and chenopsodium 

muraleover sesame + maze (4:1), sesame + maize 

(8:2) and sesome + urd (4:1) intercropping, 

respectively during both the years. However, the 

maximum number of weeds as weed flora were 

observed with sesame + maize (4:1) in both years. 

The percentage reduction of sesame + urd (8:2) over 

sesame + maize (4:1) were 17.45 of sorghum 

helepense, 31.68 of anagallis aversis, 29.27 of 

cyperus rotundus, 27.45 digera arvesis, 38.50 of 

cornopus didymus, 53.58 of parthenium hystrophorus 

and 39.26 of chenopodium murale on the basis of 

mean data, respectively. The highest weed flora was 

recorded in sesame + maize (4:1) intercropping 

system. It might be due to sesame intercropped with 

pulses suppressed the weed flora. These findings are 

in conformity with those reported by Nazir et al. 

(2002), Sullivan et al. 2003, Prins et al. (2005),Nasri 

et al. (2014), Gao et al. (2014) and Hailu et al. 

(2015). 

Effect on grain yield of sesame with maize and 

urd intercrops 

The grain yield of sesame was significantly higher 

recorded in sesame + urd (8:2) intercropping over 

remaining all intercropping systems, respectively 

during 2015 and 2016 years. The maximum grain 

yield of sesame was recorded with sesame + urd 

(8:2) in both the years due to reason of lowest weed 

florathe increase in the seed of sesame with pulses 

intercropping may be attributed to better vegetative 

growth and increased in yield attributes finally in this 

treatments. On an average it improve the grain yield 

by a margin of 0.73 q/ha (21.09%), 0.56 q/ha 

(15.43%) and 0.45 q/ha(12.03%) over sesame + 

maize (4:1), sesame + maize (8:2) and sesame + urd 

(4:1) inter cropping, respectively. The results are 

supported by the findings of Hanuman Thappa et.al 

(2008), Ashoka et al. (2013) and Ijoyah et al. (2015). 

Maize and urd intercrops were not significant effect 

on grain yield in both years of study. But grain yield 

in 8:2 row ratio were statistically were observed 

compared to 4:2 row ratio in both inter crops in 

present study. Such intercropping yields are 

attributed to more plant population of intercrops. In 

other words, lesser plant populations attributes in 

intercropping systems resulted lower yields of 

intercrops. Similar results are confirmed with Yadav 

et al. (2008), Ashoka et al. (2013) and Ijoyah et al.  

(2015). 

Effecton monetary advantages 

The system productivity of monetary advantages was 

significantly increased in intercropping of sesame + 

urd (8:2) compared to rest intercropping treatments 

during both the years. The minimum system 

productivity was recorded with sesame + maize (4:1) 

in both the years. On the mean basis system 

productivity of sesame + urd (8:2) by a margin of 

(0.26 kg/ha/day), (24.07%) 0.27,(kg/ha/day, 

(25.23%) and 0.19 kg/ha/day (16.52%). Over sesame 

+ maize (4:1), sesame + maize (8:2) and sesame + 

urd (4:1) treatments, respectively. The intercropping 

of sesame + urd. (8:2) were significantly improved 

system profitability than 4:1 and 8:2 row ratio of 

sesame + maize and sesame + urd (4:1) inter 

cropping during both the years with percentage 

incrementsover sesame + maize (4:1) of 51.13, 

sesame + maize (8:2) of 39.92 and sesame + urd 

(4:1) of 24.42 on mean basis, respectively. The 

higher benefits are attributed to higher yield and 

higher market price of component crop. Inclusion of 

urd and maize as an intercrops with sesame (8:2) 

ratio is more profitable and stable in comparision to 

other sequences. These findings are in close 

confirmity with the results reported by Rathi et al. 

(2012), Yadav et al. 2013 and Ashoka et al. (2013). 
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Effect on quality parameters 

The used intercropping systems exerted a positive 

effect on protein content in sesame + urd (8:2) in 

both years with a margin of 2.49%, 1.16% and 0.70% 

over sesame + maize (4:1), sesame + maize (8:2) and 

sesame + urd (4:1) on mean basis, respectively. It is 

clear from the result that intercropping which the oil 

content significantly increased with sesame + urd 

(8:2) over sesame + maize (4:1), sesame + maize 

(8:2) and sesame + urd (4:1) in both years. It was 

increased on the mean basis a tune of 47.90%, 

32.82% and 19.87% over rest intercropping 

treatments, respectively. This is because the seed 

yield was recorded higher under the same treatments. 

Similar type of results was also found by Nurbakhsh 

et al. (2013) and El-Dein et al. (2015).  

STUDIES ON WEED MANAGEMENT 

PRACTICES 

Effect of weed management practices in weed 

flora: 

The perusal of the data: clearly indicated that the 

hand weed management practices affected 

significantly in respect of weeds viz., sorghum 

holepense, anagallis, arvensis, cyperus rotundus, 

Digera arvensis, cornopus, dihymus, parthenium 

hysteropporus and chenopodiummurale over the used 

chemical weed management practices 

(Pendimethalime & Alochlor) during both the years. 

The percentage reductions of hand weeding practices 

over Pendimethalime 30% EC @ 3.0 L/ha and 

Alachlor 50% EC@0.75 kg/ha were 63.45 and 29.44 

of sorghum helepense, 39.21 and 13.58 of Anagallis 

arvensis, 88.75 & 20.42 of cyperus rotundus, 94.90 

and 44.90 of Digera arvensis, 81.72 and 28.97 of 

cornopus didymus, 87.28 and 46.93 of parthenium 

hystrophorus and 137.39 and 33.04 of chenopodium 

murale on the basis of meandata, respectively. It 

might be due to hand weeding and alachlor 

application are more responsible against weed flora 

as compared to other practices. Similar results are 

also reported by Mathukia et al. (2015) and Mruthul 

et al. (2015). 

Effect on grain yield of sesame with maize and 

urd intercrops 

The result revealed that the significant response to 

use of weed net management practices was observed 

at hand weeding practices in respect of grain yield of 

sesame in both years with percentage increments 

over use of chemical weed management practices as 

pendimathaline of 26.43% and alochlor of 13.48% on 

average, respectively. The grain yield of maize was 

recorded significantly higher in hard weeding as 

compared to weedicides as pendimethaline and 

alochlor during the two year of study. The grain yield 

of maize in intercrop with increments of the 

percentage were (25.33%) from pendimethalime and 

(14.07%) from alochlor on an average, respectively. 

In the weed management practices, the hard weeding 

received significantly highest grain yield as 

compared to pendimethalime and alochlor during the 

two years which was more with 27.50% and 16.79% 

over pendimethaline and alcholar application of 

chemical weed management practices on the basis of 

mean data, respectively. These superior treatments 

kept the crop almost hand. Weeding which in turn 

resulted to significant reduction in competition for 

nutrients and other growth resources by weeds, as a 

consequence of which reduction in weed dry matter 

and nutrient depletion by weeds was obtained. 

Grichar et al. (2007) reduced crop-weed competition 

under these treatments saved a substantial amount of 

nutrients for crop that led to profuse growth, enabling 

the crop to utilize more soil moisture and nutrients 

from deeper soil layers. 

Effect on monetary advantages  

The result revealed that the hand weeding practices 

increased the monetary advantages viz., system of 

productivity and profitability significantly over the 

application of pre-emergence pendimethaline and 

early post-emergence alochlor in both years, 

respectively. The percentage increments of hand 

weeding practices over pendimethaline and alochlor 

were 17.43 and 9.00 in productivity system and 

63.89 and 20.55 in profitability system on an 

average, respectively. This might be due to increase 

in yields of sesame crop in diminishing manner 

under the weed management practices. These results 

corroborate the findings of Bhatt et al. 2010 and 

Pusadkar et al. 2015. 

Effect on quality aspects 
The practices of weed management increased the 

quality parameters viz protein and oil content in 

grain of sesame crop significantly at hand weeding 

over use of weedicides of pendimethaline and 

alcholor in both the years, respectively. These 

treatments were found significantly superior and 

gave significantly higher protein content (1.43% and 

0.66%) and oil content (37.7% and 14.42%) over 

pendimethalin and alochlor, respectively.Oil and 

protein yield is directly related to the yield of the 

crop which is mainly due to the presnence of weed 

free environment till harvest, resulting into the 

reduced crop weed competition and increase in seed 

yield of the crop. The result of the present study are 

in close conformity with the findings of Bawa et al. 

(2015) and Chhetri et al. (2015).  

Effect of Weed Management Practices on weed 

population, system of productivity and 

profitability and quality of sesame based 

intercropping with Kharif season crops 
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Table 1. Effect of treatments on Plant Height at maturity of sesame, maize and urd (cm), test weight of sesame, 

maize and urd (g) of the crops. 
Intercropping Mean table 

 Plant height at 

maturity of sesame 

(cm) 

Plant height at 

maturity of maize 

(cm) 

Plant Height at 

maturity of urd 

(cm) 

Plant height at 

maturity of sesame 

(g) 

Plant height at 

maturity of maize 

(g) 

Plant Height at 

maturity of urd (g) 

2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 

Sesame + Maize (4:1) 112.52 123.15 117.84 40.38 43.06 41.72 - - - 3.23 3.27 3.25 22.66 23.04 22.85 - - - 

Sesame + Maize (8:2) 120.40 121.23 120.82 41.54 50.29 45.92 - - - 3.35 3.41 3.38 23.03 23.20 23.12 - - - 

Sesame + Urd (4:1) 128.92 126.99 127.96 - - - 38.55 40.68 39.42 3.49 3.52 3.51 - - - 30.38 31.35 30.87 

Sesame + Urd (8:2) 130.50 131.12 130.81 - - - 40.66 44.22 42.44 3.70 3.77 3.74 - - - 32.86 34.48 33.67 

SE(d) ± 2.301 2.132 - 1.513 1.719 - 1.295 1.515 - 0.109 0.116 - 0.850 0.848 - 0.947 1.115 - 

CD at  5% 4.684 4.339 - N.S 3.664 - NS 3.230 - 0.221 0.237 - NS NS - 2.019 2.377 - 

Weed Management Practices                   

Hand Weeding 127.33 134.58 130.96 46.49 55.09 50.79 43.97 46.20 45.09 3.61 3.64 3.63 24.52 24.77 24.65 33.81 34.92 34.37 

Pendimethaline30%EC@3.0L/ha 118.46 119.69 119.08 37.54 42.39 39.97 33.14 38.66 35.90 3.28 3.35 3.32 21.08 21.41 21.25 29.34 30.44 29.89 

Alachlor 50%EC@0.750kg/ha 123.47 122.61 123.04 38.85 42.54 40.70 41.71 42.49 42.10 3.43 3.49 3.46 22.94 23.18 23.06 31.72 33.38 32.55 

SE(d)± 1.99 1.846 - 1.853 2.105 - 1.586 1.856 - 0.094 0.101 - 1.041 1.039 - 1.160 1.366 - 

CD at 5 % 4.056 3.758 - 3.950 4.488 - 3.382 3.956 - 0.192 0.205 - 2.219 2.214 - 2.472 2.911 - 

 

Table 2. Effect of treatments on man table for no. of weeds/plot of the weeds during both the years. 
Intercropping Mean table 

 Sorghum 

helepence 

Anagallis arvensis Cypenrus 

rotundus 

Digera arvensis Cornopus didymus Parthenium 

hystrophorus 

Chenopodium 

murale L. 

2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 

Sesame + Maize (4:1) 2.67 2.85 2.76 3.38 3.51 3.45 3.64 3.78 3.71 3.22 3.28 3.25 4.54 4.61 4.58 4.01 4.12 4.07 4.09 4.21 4.15 

Sesame + Maize (8:2) 2.56 2.58 2.57 2.87 3.04 2.96 3.27 3.40 3.34 2.80 2.92 2.86 4.09 4.04 4.07 3.26 3.42 3.34 3.75 3.89 3.82 

Sesame + Urd (4:1) 2.58 2.70 2.64 2.93 3.06 3.00 3.07 3.25 3.16 2.76 2.88 2.82 3.79 3.90 3.85 3.07 3.19 3.13 3.42 3.53 3.48 

Sesame + Urd (8:2) 2.32 2.38 2.35 2.57 2.67 2.62 2.77 2.96 2.87 2.49 2.60 2.55 3.33 3.43 3.38 2.58 2.71 2.65 2.92 3.03 2.98 

SE(d) ± 0.112 0.149 - 0.194 0.263 - 0.244 0.224 - 0.198 0.173 - 0.223 0.235 - 0.291 0.238 - 0.261 0.269 - 

CD at  5% 0.227 0.304 - 0.395 0.536 - 0.496 0.456 - 0.403 0.352 - 0.454 0.479 - 0.592 0.483 - 0.530 0.547 - 

Weed Management Practices                      

Hand Weeding 1.93 2.01 1.97 2.35 2.51 2.43 2.29 2.50 2.40 1.89 2.02 1.96 2.83 2.97 2.90 2.20 2.36 2.28 2.24 2.36 2.30 

Pendimethaline30%EC@3.0L/ha 3.16 3.27 3.22 3.77 3.89 3.83 4.47 4.59 4.53 3.77 3.86 3.82 5.30 5.23 5.27 4.21 4.32 4.27 5.43 5.49 5.46 

Alachlor 50%EC@0.750kg/ha 2.50 2.60 2.55 2.71 2.81 2.76 2.81 2.96 2.89 2.79 2.89 2.84 3.68 3.79 3.74 3.29 3.41 3.35 2.97 3.14 3.06 

SE(d)± 0.097 0.129 - 0.168 0.228 - 2.11 0.194 - 0.172 0.150 - 0.193 0.204 - 0.252 0.206 - 0.226 0.233 - 

CD at 5 % 0.197 0.263 - 0.342 0.464 - 0.429 0.395 - 0.349 0.305 - 0.393 0.415 - 0.513 0.419 - 0.459 0.474 - 

 

Table 3. Effect of treatments on man table for grain yield of sesame, maize & system productivity, system 

profitability (Rs/ha/day), protein & oil content (%). 
Intercropping Sesame Crop Maize Crop Urd Crop System 

Productivity 

(Rs/ha/day) 

System 

Profitability 

(Rs./ha/day) 

Protein Content 

(%) 

Oil Content (%) 

Grain yield (q/ha) Grain yield (q/ha) Grain yield (q/ha) 

2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 2015 2016 Mean 

Sesame + Maize (4:1) 3.52 3.39 3.46 3.29 3.27 3.28 - - - 1.09 1.07 1.08 48.58 48.66 48.62 10.11 10.25 10.18 143.11 144.99 144.05 

Sesame + Maize (8:2) 3.75 3.50 3.63 3.49 3.50 3.50 - - - 1.06 1.08 1.07 53.51 51.01 52.26 11.44 11.57 11.51 157.21 161.04 159.13 

Sesame + Urd (4:1) 3.95 3.52 3.74 - - - 1.29 1.22 1.26 1.26 1.04 1.15 63.06 55.05 59.06 11.90 12.04 11.97 170.03 174.13 172.08 

Sesame + Urd (8:2) 4.37 4.00 4.19 - - - 1.44 1.40 1.42 1.37 1.31 1.34 76.05 70.90 73.48 12.60 12.73 12.67 190.87 193.03 191.95 

SE(d) ± 0.191 0.147 - 0.208 0.172 - 0.078 0.097 - 0.051 0.070 - 1.269 1.475 - 0.065 0.116 - 3.298 3.976 - 

CD at  5% 0.389 0.299 - N.S. N.S. - N.S. N.S. - 0.104 0.142 - 2.582 3.002 - 0.131 0.237 - 6.712 8.092 - 

Weed Management Practices                      
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Hand Weeding 4.18 4.23 4.21 3.83 3.78 3.81 1.59 1.47 1.47 1.26 1.29 1.28 68.76 74.74 71.75 12.19 12.36 12.28 183.45 184.91 184.18 

Pendimethaline30%EC@3.0L/ha 3.54 3.11 3.33 3.00 3.08 3.04 1.21 1.18 1.18 1.10 1.08 1.09 48.24 39.32 43.78 10.78 10.91 10.85 144.30 148.64 146.47 

Alachlor 50%EC@0.750kg/ha 3.95 3.47 3.71 3.36 3.31 3.34 1.31 1.30 1.30 1.22 1.15 1.19 63.89 55.15 59.52 11.56 11.67 11.62 168.17 171.35 169.76 

SE(d)± 0.165 0.127 - 0.255 0.211 - 0.096 0.083 0.083 0.044 0.060 - 1.099 1.278 - 0.056 0.101 - 2.856 3.444 - 

CD at 5 % 0.337 0.259 - 0.544 0.449 - 0.205 0.176 0.176 0.090 0.123 - 2.236 2.600 - 0.114 0.205 - 5.813 7.008 - 
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Abstract: Effective use and management of cultivable land through cultivation of suitable medicinal and aromatic plants has 

become keen agenda. Tulsi has an important option for livelihoods and sustainability of farmers income in central Gujarat. 

Large scale Front Line Demonstration (FLD) was conducted in farmers field using tulsi accession “DOS-1”. A total of 7.36 t 

h-1 fresh leaves were harvested. On an average, farmers got ` 1, 28, 528 net returns per hectare from cultivation of tulsi as a 

sole crop. The B:C ratio over net return of 1.39 showed the suitability of tulsi as a commercial crop. The accession DOS-1 

having higher leaf yield and found suitable for main as well as two ratoon crops. The results clearly gave an idea that 

medicinal plant like tulsi can be integrated into existing farming systems as one of the viable options for enhancing income 

of poor farmers.  

 

Keywords: Ocimmum sanctum, Tulsi, DOS-1, Net return, Cost of cultivation, FLD 

 

INTRODUCTION 

 

erbal medicines are now in great demand in the 

developing world for primary health care not 

only because they are inexpensive but also for their 

better cultural acceptability, better compatibility with 

the human body and minimal side effects.  Many 

medicinal and aromatic plants (MAPs) are known to 

perform well in poor or problematic land. The 

Directorate of Medicinal and Aromatic Plants 

Research, Anand had been continuously trying to 

sight see unexplored research areas with respect to 

MAPs to improve livelihood supports to the farmers. 

Integration of such MAPs into existing farming 

systems was thought to be one of the viable options 

for the barren and forestry lands (Thakur et. al., 

2016).  

The holy basil (Ocimmum sanctum L. syn. Ocimum 

tenuiflorum) (Family Lamiaceae), is the most sacred 

herb. It is an excellent herb known as queen of herbs, 

native of India and is cultivated largely as a house 

hold species (Saran et. al., 2017). The most common 

uses of the holy basil include preparation of herbal 

tea, healing remedies, cosmetics and as preservative 

(Anbarasu and Vijayalakshmi, 2007). Essential oil of 

holy basil is valued due to active constituent eugenol 

that contributes to their therapeutic potential (Kothari 

et. al., 2004 and Saran et. al., 2017). Tulsi crop can 

be raised for different purposes like fresh leaf, dry 

leaf, seed and essential oil. Small and marginal 

farmers of central Gujarat are traditionally growing 

cotton, tobacco, maize, bajra and not getting profit 

like other developed countries, therefore, there is 

need to identify alternate suitable MAP during rainy 

season. The major menace to farmer in the region is 

damage caused by monkey and other wild animals, 

besides the incidence of pest and diseases. Hence, in 

the present attempts, cultivation of tulsi was 

demonstrated in the farmers field in larger plots (> 1 

ha) through some front-line demonstrations. The 

cultivation of MAPs especially tulsi is less risky in 

terms of wild animal, pest and diseases attack, and 

potentially grown even in marginal lands also and 

hence, this crop was selected as an alternate crop of 

conventionally grown crops in this area.   

 

MATERIAL AND METHOD 

 

The four front-line demonstrations (FLDs) were 

conducted during each year, 2015-16, 2016-17 and 

2017-18 at the ICAR-Directorate of Medicinal and 

Aromatic Plants Research, Boriavi, Anand, Gujarat 

(India) and the farmers field in the central Gujrat. 

The trial activities were financially supported by the 

DASD, CSS, Calicut, Kerala. For creating small 

success stories, Mr. Bhupatbhai Patel, Palana, Mr. 

Jashbhai A. Solanki, Mr. Neilbhai D. Shah and Mr. 

Maheshbhai S. Solanki, Pandoli and Mr. Nishant M. 

Patel, Porda, were convinced about the profitability 

of tulsi cultivation (Fig. 1). These farmers decided to 

grow this crop. Accession DOS-1 was selected 

purposely due to favours the ratoon (pruning 

responsive), short duration, compact, profuse 

branching, thin stem and semi dwarf type in nature. 

The nursery was raised during three years at 

Directorate and also at farmers field (Fig. 2). The soil 

type of experimental sites was sandy loam supplied 

with 10 t/ha farmyard manures (FYM). The 49 days 

old seedlings were transplanted at 45 × 45 cm 

spacing. Three irrigations along with two hand 

weeding were carried out. 
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Fig. 1. Map showing farmers field selected for FLDs at four different locations of Anand Districts 

 

 
Fig. 2. Nursery raising at DMAPR and farmers field for QPM production 

 

The primary data were collected from sample 

households on various parameters through well-

structured and pre-tested questionnaire. The widely 

used cost concept in farm management studies such 

as variable cost, fixed cost and total cost were used 

for computing cost of cultivation and cost of 

production of tulsi crop in the present study. The 

returns were calculated as per standard methods. The 

first harvest of the crop was done two months after 

transplanting in third week of September and 

subsequently two ratoons were harvested at one-

month interval. On an average fresh leaves were 

harvested 7.36 t ha
-1

 from one main crop and two 

ratoon crops. The produce was sold at the rate of ` 

30,000 t
-1

. 

 

RESULT AND DISCUSSION 

 

It is a story of Anand District of Gujarat which has 

emerged as a tulsi cultivator in rainy season. The 

story of this crop in village Pandoli started with the 

plantation of one bigha by farmer Sh. Neilbhai D. 

Shah as consulted with Dr. P.L. Saran, Sr. scientists, 

ICAR-DMAPR, Boriavi and cultivating tulsi from 

last three years. Next year onward other farmers 

showed interest for the same. The cultivation of tulsi 

(DOS-1) as a sole crop set an excellent example for 

doubling farmers income.  After three years of 

cultivation, farmers achieved good amount of profit 

in sole as well as system crop (Fig. 3). 
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Fig. 3. Field view of tulsi (DOS-1) as sole and ratoon crop at different farmers field under front line 

demonstrations 

 

The total cost of cultivation per hectare of tulsi was ` 

92, 272 and overall per hectare variable and fixed 

cost was ` 79, 209 and ` 13,063, respectively. 

Among the different items of cash expenditure, the 

cost of harvesting of leaves ranked first with ` 

30,000 followed by weeding and hoeing ` 12,000. 

On an average, these farmers got 7.36 t ha
-1

 fresh leaf 

from one main crop and two ratoon crops (2.75, 2.80 

and 1.81 t ha
-1

, respectively). Net returns from 

marketing of fresh leaves was ` 1,28,528 and the B:C 

ratio over gross return and net return was 2.39 and 

1.39, respectively. Similarly, the cultivation of tulsi 

in Tamilnadu was also reported economically 

profitable (Ajjan, et. al., 2009). 

 

Table 1. Components of cost and returns for tulsi cultivation (average of 3 trials/farmers) 

Sr. No. Particular Value (`) 

1. Land preparation 6,213 

2. Planting material (45000 seedlings @ ` 25/100 11,250 

3. Transplanting 3,015 

4. Manures  3,600 

5. Irrigation (three) 1,506 

6. Weeding and hoeing  12,000 

7. Leaves Harvesting 30,000 

8. Family labour 7,750 

9. Miscellaneous costs 2,054 

10 Interest on working capital 1,821 

A. Variable cost (1 to 10) 79,209 

11. Depreciation  1,096 

12. Rental value of own land (4 months) 10,000 

13. Interest on fixed capital (prevailing bank rates) 1,967 

B. Total fixed cost (11+12+13) 13,063 

14. Main crop fresh leaf yield (t/ha) 2.75 

15. 1
st
 ratoon crop fresh leaf yield (t/ha) 2.80 

16. 2
nd

 ratoon crop fresh leaf yield (t/ha) 1.81 

17. Total fresh leaf yield (t ha
-1

) 7.36 

 

The first harvest was done after 62 days of planting 

and subsequent harvests were done keeping 30 days’ 

intervals. The average harvest yield was 2.75 and 

2.80, 1.81 t ha
-1

 achieved from main and subsequent 

ratoons. Similarly, B:C ratio over gross return in 

Ocimum sanctum as herbage (1.44) and essential oil 

(2.44) crops were reported under Gujarat conditions 

(Thakur et. al., 2016 and Saran et. al., 2017). Rama 

tulsi in general and DOS-1 in particular can be 

commercially cultivated as potential sources for 

doubling the farmer’s income in sandy loam soils of 

central Gujarat. 
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Table 2. Economics of tulsi cultivation in central Gujarat 

Sr. No. Particular Value (`) 

1. Gross return (Fresh leaves @ ` 30,000/tonne) 2,20,800 

2. Total cost (` ha
-1

) 92,272 

3. Net return (` ha
-1

) 1,28,528 

5. B:C ratio over gross return 2.39 

6. B:C ratio over net return 1.39 

 

CONCLUSION 

 

In this study, a tulsi accession DOS-1 has been 

cultivated for fresh leaf purpose due to better 

response as a sole and ratoon crop. On an average, 

farmers got returns ` 1, 28, 528 ha
-1

 with B:C ratio 

over gross return was 2.39 in a short duration of 122 

days after transplanting. 
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Abstract: The Kisan Credit Card scheme introduced in the year 1998 with the objective of fulfillment of agriculture the 

credit requirement of the farmers in a timely and hassle-free manner for raising agricultural production.Keeping the 

importance of KCC the present study was an attempt to assess utility of KCC as perceived by the farmers. To gain insight 

into the functioning of KCCs, the present study entitled “Utilization pattern of KisanCredit Card (KCC) among the small and 

marginal farmers in Rewablock of Rewa District (M.P.)”was carried out with a sample of 140 beneficiaries of Kisan Credit 

Card (70 small & 70 marginal farmers).It may be concluded that among the selected indicators the mean utilization index of 

the indicator increase in income through Kisan Credit Card (70%) was highest. Kisan Credit Card was highly utilized in 

increasing of agriculture and allied activities and in changing cropping pattern. On the contrary utilization of Kisan Credit 

Card was low in amount utilized as credit increase in extent saving and duration of utilizing credit. It was also observed that 

the higher percentage of the small and marginal farmers belonged to medium utilization of Kisan Credit Card. As far as the 

relationship between profile of the respondents with their utilization pattern of Kisan Credit Card is concerned the 

characteristics namely education, occupation, credit acquisition, annual income, repayment of loan, contact with credit 

agency, source of information, mass media exposure, risk orientation, economic motivation and level of satisfaction had 

significant relationship with their utilization pattern of Kisan Credit Card at 5% level of significance. 

 

Keywords: Farmers, Credit card, Utilization, Rewa district 

 

INTRODUCTION 

 

griculture is the most crucial sector of the 

country because the main policies of output 

growth, poverty alleviation, social justice and equity 

are best served in this sector. In modern farming, 

credit has become one of the crucial inputs.Thus, 

there is a need to increase the credit flow to 

agriculture, raise productive capacity of land and 

enhance the potential of water resources as well as its 

use efficiency for agricultural production. The Kisan 

Credit Card scheme introduced in the year 1998 with 

the  objective of fulfillment of agriculture the credit 

requirement of the farmers in a timely and hassle-

free manner for raising agricultural production. The 

scheme is being implemented in the entire country by 

the credit institutional bank involving Commercial 

Banks, Rural Regional banks and Co-operative bank 

and has received wide acceptability amongst bankers 

and farmers. With a view to minimize the 

procedures/ difficulties and to simplify the credit 

acquisition by small and marginal farmers. It was 

disbursed through KCC Scheme in our country. The 

Co-operative credit societies were, in the past and 

even now, the most important source of credit to the 

farmers. There has been tremendous increase in the 

bank branches in the rural areas. Government has 

adopted the policy of multi-agency approach in 

agriculturalcredit. Keeping the importance of KCC 

the present study was an attempt to assess utility of 

KCC as perceived by the farmers. To gain insight 

into the functioning of KCCs, the present study 

entitled “Utilization pattern of KisanCredit Card 

(KCC) among the small and marginal farmers in 

Rewablock of Rewa District (M.P.)” was carried out 

with following objectives: 

Objectives 

1. To assess the utilization pattern of KCC by the 

respondents. 

2. To analyze the relationship between dependent 

and independent variables. 

 

METHODOLOGY 

 

The present study was conducted in the Rewa district 

(M.P.), since the number of Kisan Credit Card 

holders is maximum in District Co-operative bank as 

compared to Commercial banks, the study was 

focused on Kisan Credit Card holders in jurisdiction 

of District Co-operative Bank only. Rewa District 

comprises nine blocks. Out of which Rewa block was 

selected on the basis of higher number of KCC 

holders.Presently there are 19 credit societies are 

working through District Co-operative Bank. Out of 

which 2 credit societies was selected on the basis of 

higher number of KCC holders. A list of  KCC 

holders from the selected credit societies were 

prepared and 5 percent KCC holders 70 small and 70 

marginal farmers was selected from both societies. 

The sample was consisted of 140 respondents.  

 

RESULT 

 

1. Utilization of Kisan Credit Card as perceived 

by the small & marginal   beneficiary farmers 

A 
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A. Extent of utilization of Kisan Credit Card in 

terms of selected indicators as Perceived by the 

beneficiaries 

An index was developed in the present study to 

assess the utilization pattern of Kisan Credit Card 

among small and marginal farmer. Selected 

indicators of Kisan Credit Card namely the extent of 

utilized amount as credit, duration of utilizing credit, 

operation of various agricultural allied activities, 

increase in agricultural produce through Kisan Credit 

Card, increase in saving through Kisan Credit Card, 

increase in income through Kisan Credit Card and 

Change in cropping pattern through utilization of 

credit were incorporated in the index in consultation 

with the bank officers, economists and experts of 

J.N.K.V.V. On the basis of responses given by 

respondents against each indicator total score of each 

indicator was worked out. Mean Utilization Index of 

each indicator was find out and presented in Table 1.

 

Table 1. Extent of utilization of Kisan Credit Card in terms of selected indicators as perceived by the 

beneficiaries 

S.No. Indicators Mean utilization index 

(%) 

Rank 

1. Increase in agricultural produce  through Kisan Credit 

Card 

47 IV 

2. Operation of various agricultural allied activities 64 II 

3. Duration of utilizing credit 41 V 

4. Increase in saving through Kisan Credit Card 36 VI 

5 Increase in income through Kisan Credit Card 70 I 

6. Increase in net sown area 56 III 

7. The extent utilized amount as credit 34 VII 

 

Table 1 exhibits the extent of utilization of Kisan 

Credit Card among the respondents in related to 

selected indicators of Kisan Credit Card utilization 

namely  increase in agricultural produce  through 

Kisan Credit Card, operation of various agricultural 

allied activities, duration of utilizing credit,  increase 

in saving through Kisan Credit Card, increase in 

income through Kisan Credit Card,  Change in 

cropping pattern through utilization of credit and the 

extent utilized amount as credit 

Table 1 reveals that among the selected indicators the 

mean utilization index of the indicator increase in 

income through Kisan Credit Card (70%) was 

highest followed by operation of various agricultural 

allied activities (64%), increase in net sown area 

through utilization of credit (56%), increase in 

agricultural produce  through Kisan Credit Card 

(47%), duration of utilizing credit (41%), increase in 

saving through Kisan Credit Card (36%) and the 

extent utilized amount as credit (34%). It means the 

Kisan Credit Card was highly utilized in increasing 

of agriculture and allied activities and in changing 

cropping pattern. On the contrary utilization of Kisan 

Credit Card was low in amount utilized as credit 

increase in extent saving and duration of utilizing 

credit. The finding of Ahmed (2004), Agarwal et al 

(2016), Dhanabhakyamm and malavizhij (2012), 

Harpreet S. (2004), Ramana TV (2011) and 

Samantara S (2010) are in line with the present 

finding. 

B. Distribution of the farmers according to their 

utilization of Kisan Credit Card 

The mean utilization index of each respondent was 

also determined in the present study. The mean 

utilization index of small and marginal farmers was 

find out separately and presented in Table 2 and 3:

 

Table 2. Distribution of the small farmers according to their utilization of Kisan Credit Card  

S.No. Utilization of Kisan Credit Card Number of small farmers Percentage 

1. Low 19 27.15 

2. Medium 34 48.57 
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3. High 17 24.28 

Total 70 100 

 

Table 2 show that out of 70 small farmers 

respondents. 48.57 percent of respondents showed 

medium utilization of Kisan Credit Card, 27.15 

percent low utilization of Kisan Credit Card whereas 

only 24.28 percent indicated high utilization of Kisan 

Credit Card. 

 

Table 3. Distribution of the marginal farmers according to their utilization of Kisan Credit Card  

S.No. Utilization of Kisan Credit Card Number of marginal farmers Percentage 

1. Low 24 34.28 

2. Medium 31 44.28 

3. High 15 21.42 

Total 70 100 

 

Table 3 shows that out of 70 marginal farmers 

respondents 44.28 percent of respondents showed 

medium utilization of Kisan Credit Card, 34.28 

percent had low utilization of Kisan Credit Card 

whereas only 21.42 percent indicated high utilization 

of Kisan Credit Card. Similar findings was reported 

by Verma A. (2016). 

2. To analyze the relationship between dependent 

and independent variables 

 

Table 4. Correlation between profile of the respondents and their utilization pattern of Kisan Credit Card 

S. No. Characteristics ‘r’ value 

1. 
Age 

-0.0302ns 

2. 
Education  

0.2645* 

3. 
Size of family 

-0.01276ns 

4. 
Occupation 

0.2645* 

5. 
Social participation 

-0.01276ns 

6. 
Credit acquisition 

0.2679* 

7. 
Annual income 

0.2301
*
 

8. 
Repayment of loan 

0.2247* 

9. 
Contact with credit agency 

0.2247* 

10. 
Source of information 

0.2839
* 

11. 
Mass media exposure 

0.3125* 

12. 
Risk orientation 

0.2615* 

13. 
Economic motivation 

0.2501* 

14. 
Level of satisfaction 

0.2324* 

 

Significant at 0.05 level of probability 

Table 4 depicts the 'r' value indicating the 

relationship between profile of the respondents with 

their utilization pattern of Kisan Credit Card. The 

characteristics namely education, occupation, credit 

acquisition, annual income, repayment of loan, 

contact with credit agency, source of information, 

mass media exposure,risk orientation, economic 

motivation and level of satisfaction had significant 

relationship with their utilization pattern of Kisan 

Credit Card at 5% level of significance. The result 

also depict that age, size of family and social 

participation of the respondents did not establish 

significant relationship with their utilization pattern 

of Kisan Credit Card.This finding are in line with the 

findings of Bista et al (2012), Bochalaya and Dhaka 

(2001), Surve et al (2006) and Vishvajeet et al  

(2014). 

 

CONCLUSION  

 

It may be concluded that among the selected 

indicators the mean utilization index of the indicator 

increase in income through Kisan Credit Card (70%) 

was highest. Kisan Credit Card was highly utilized in 

increasing of agriculture and allied activities and in 

changing cropping pattern. On the contrary 

utilization of Kisan Credit Card was low in amount 
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utilized as credit increase in extent saving and 

duration of utilizing credit. It was also observed that 

the higher percentage of the small and marginal 

farmers belonged to medium utilization of Kisan 

Credit Card. As far as the relationship between 

profile of the respondents with their utilization 

pattern of Kisan Credit Card is concerned the 

characteristics namely education, occupation, credit 

acquisition, annual income, repayment of loan, 

contact with credit agency, source of information, 

mass media exposure, risk orientation, economic 

motivation and level of satisfaction had significant 

relationship with their utilization pattern of Kisan 

Credit Card at 5% level of significance. 

 

REFERENCES 

 

Agarwal, P., Singh, H.N., Nazir, H. and Singh, R. 
(2016). Impact of Kisan Credit Card Scheme on 

Profitability of Crops in Udham Singh Nagar 

District, Uttarakhand. Indian Journal of Economics 

and Development, 12(1), 345-351 

Ahmed, Salehuddin (2004). Micro credit and 

poverty. New realities and strategic issue in 

Salehuddin and M.A. Hakims (eds). Attacking 

poverty with micro credit.Palli Karma -Sahayak 

foundation and the university press limited. 

Bista, D.R., Kumar, P.K. and Mathur, V.C. 
(2012). Progress and performance of Kisan Credit 

Card scheme with a case study of Bihar. Agricultural 

Economics Research Review; 25(1):125-135 

Bochalya and Dhaka (2001). Credit ulitization on 

Behaliour of youth under “Pradhan Mantri Rojgar 

Yojana'' Indian J. Ext. Edu.xxxvii 203-205 

Dhanabhakyam, M. and Malarvizhi, J. (2012). A 

study on the awareness, utilization and problems of 

using Kisan Credit Card of canara bank with special 

reference to Coimbatore district. International 

Journal of Marketing, Financial Services & 

Management Research; Vol 1(10): 113-119. 

Dubey, Y. (2006). Access to Kisan Credit Card in 

Uttar Pradesh by different groups in different 

regions.Indian Journal of Agricultural Economic. 

53(3): 386-387. 

Harpreet, S. (2004). An analytical study of Kisan 

Credit Card Scheme in Punjab.Agricultural 

Economics Research Review.17 (2): 276. Print 

ISSN: 0971-3441. 

Ramana, T.V. (2011). Performance of Rural Credit 

Schemes in India. Kurukshetra. 59(8) : 52. 

Samantara, S. (2010). Kisan Credit Card - A Study 

Occasional Paper- 52.Department of Economic 

Analysis and 

Research.NABARD.https://www.nabard.org/pdf / 

Kisan%20Credit%20Card.pdf. 

Surve, R.N., Jondhale, S.G. and Bhosale, P.B. 
(2006). Factors Associated with Credit Repayment 

Behaviour of Members of Primary Agricultural 

Credit Society. Land Bank Journal PP: 1-3, 

September 2006. 

Parwate, P., Sharma, M.L. and Maske, M. (2012). 

A study on utilization pattern of KisanCredit Card 

(KCC) among the farmers in Raipur district of 

Chhattisgarh. International Journal of Agronomy and 

Plant Production. 3 (2): 54-58 

Verma, A. (2016). A Critical Analysis of Utility of 

Kisan Credit Card as perceived by Marginal and 

Small Farmers in Sidhi block of Sidhi District 

(M.P.), M.Sc. (Ag.) Thesis (unpublished), JNKVV, 

Jabalpur 

Vishvajeet, J., Patel, N. and Chauhan, M. (2014). 

Information Seeking Behaviour of the Rice Growers 

KrishiVigyan Kendra (NAU), TAPI (Gujarat), India. 

Subscribe/Renew Journal. 

 



*Corresponding Author 

________________________________________________  
  Journal of Plant Development Sciences Vol. 10 (3) : 189-192. 2018 

CORRELATION AND PATH COEFFICIENT ANALYSIS IN CHILLI (CAPSICUM 

ANNUM L.) FOR FRUIT YIELD AND ITS ATTRIBUTING TRAITS 

 

Pragya Singh
1
*, Anvita Sharma

1
, Akanksha Tiwari

2
 and P.K. Jain

1
 

 

1
Department of Horticulture, 

2
Department of Plant Breeding and Genetics,  

Jawaharlal Nehru Krishi Vishwa Vidayalay, Jabalpur-482004 (Madhya Pradesh) India  

Email: spragya455@gmail.com 
 

Received-04.03.2018, Revised-23.03.2018 
 

Abstract: The present investigation is carried out to study the correlation and path analysis for fruit yield and its attributing 

traits in 18 genotypes of chilli. Correlation and path coefficient analyses have been successfully used for plant selection for 

increasing yields of different crops. Association analysis studies indicated that fruit yield plant-1 had significant positive 

correlation with fruiting span, number of fruit plant-1, fruit length indicating that these characters are the primary yield 

determinant in Chilli. To measure the direct as well as indirect association of one variable through another on the end 

product, path coefficients were calculated for all the yield attributing traits. Path coefficient analysis revealed that plant 

height at 150 DAT, number of branches plant-1, days to first flowering, days to 50% flowering, days to first picking, fruiting 

span, number of fruit plant-1, fruit length, fruit width, average fruit weight were the most important characters contributing 

towards fruit yield plant-1 and hence purposeful and balanced selection based on these characters would be made rewarding 

for improvement of chilli.   

 

Keywords: Chilli, Correlation, Path coefficient analysis, Fruit  

 

INTRODUCTION  
 

hilli (Capsicum annuum L.) is one of the most 

important vegetable as well as condiment and 

cash crop of India having immense commercial and 

therapeutic value. Chilli is very rich source of 

vitamin A and C. Green fruit of chilli is one of the 

richest sources of anti-oxidant. The pungency is due 

to alkaloid capsaicin. It has very high export 

potential as a spices crop. Five species of capsicum 

are under cultivation, Capsicum annuum, Capsicum 

frutescens, Capsicum pubescens, Capsicum 

baccatum, and Capsicum chinensis. Chilli belongs to 

the family solanaceae and is cultivated throughout 

the country. Chilli has been classified under often 

cross pollinated crops and the extent of natural out 

crossing has also reported up to 66.4 per cent (Singh 

et al., 1994).  

Genotypic and phenotypic correlations are important 

in determining the degree to which various yield 

contributing characters are associated. However, 

under complex situation, correlation alone become 

insufficient to explain relationships among 

characters. In such situation, the correlation 

coefficient may be confounded with indirect effect 

due to common association inherent in trait 

interrelationships. Path coefficient analysis has 

proven useful in providing additional information 

that describes a priori cause-and-effect relationships, 

such as yield and yield components. Thus path 

analysis of economic yield components with yield is 

important However in green chilli is meager to the 

study on correlation and path analysis in chilli for 

green vegetable yield. Therefore, field investigation 

was carried out with a view to study the character 

association and direct and indirect effect of 

independent characters on dependent green chillli 

yield by assessing the chilli genotype. 

 

MATERIAL AND METHOD  

 

The experiment was conducted with eighteen 

genotypes of chilli at Horticulture complex, 

Maharajpur, Department of Horticulture. J.N.K.V.V. 

Jabalpur (M.P.) during Rabi season of 2015- 2016. 

The experiment was laid out in Randomized 

Complete Block Design (RCBD) with three 

replications. The nursery was raised during first 

week of September and the seedlings were 

transplanted at a spacing of 60 cm × 50 cm in a row 

during last week of October. Data were recorded on 

ten different traits viz. Plant height (cm) 150 DAT, 

No. of primary branches / plant at harvest, Days to 1
st
 

flowering, Days to 50% flowering, Days to 1
st 

picking, Fruiting span, No. of fruit /plant, Fruit 

length (cm), Fruit width (cm) and Average fruit 

weight (g). The data recorded were analyzed 

statistically as per the original concept of correlation 

was presented by Galton (1888), which was 

elaborated later by Fisher (1918) and formula 

proposed by Miller   et al. (1958). Path coefficient 

analysis was carried out as per the procedure given 

by Wright (1921) and illustrated by Dewey and Lu 

(1959). 

 

RESULT AND DISCUSSION 

 

Correlation coefficient was estimated between yield 

and its attributing traits at genotypic and phenotypic 

levels to know the interrelationship among the 

characters. The study of correlations among different 

traits revealed that in general the genotypic 

C 
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correlation coefficients were higher than phenotypic 

correlation coefficient. In the present findings 

significant positive phenotypic correlation of fruit 

yield plant
-1

 was observed with fruiting span, number 

of fruit plant
-1

, fruit length indicating strong 

association of these traits with fruit yield plant
-1

and 

selection for these traits will be useful in improving 

fruit yield (Table1). These findings corroborated the 

earlier findings of Pandit and Ahikary (2014) for 

number of fruit plant
-1

 and fruit length and Yatung et 

al. (2014) for number of fruit plant
-1

. Number of 

branches plant
-1

 showed
 

significant positive 

correlation with days to first flowering and fruit 

length. These results are in accordance with the 

findings of Patel et al. (2015). Highly significant and 

positive correlation of days to first flowering was 

observed with days to first picking. It indicates 

simultaneous improvement of both the characters. 

However, negative and significant association of fruit 

yield plant
-1

 with days to first flowering, days to 50% 

flowering and days to first picking was also observed 

are in agreement with the findings of Rajya and 

Vijaya (2011) and Sharma et al.(2010). Positive 

correlation between desirable traits is favourable 

because it helps in simultaneous improvement of 

both the characters. On the other hand, negative 

correlation will hinder the simultaneous expression 

of both characters with high values. In such situation 

some economic compromise has to be made.  

To measure the direct as well as indirect association 

of one variable through another on the end product 

path coefficients were calculated at genotypic and 

phenotypic levels for all the yield attributing traits. 

The genotypic correlations were partitioned into 

direct and indirect effects to know the relative 

importance for all the yield attributing traits. The 

results of path analysis revealed that day to first 

picking followed by number of fruit plant
-1

, average 

fruit weight, plant height at 150 DAT and number of 

branches plant
-1

 showed high positive direct effect on 

fruit yield plant
-1

(Table2). Positive direct effect of 

these traits on fruit yield plant
-1 

indicated their 

importance in determining this complex character 

and therefore should be given high weightage during 

selection. These results are supported by earlier 

findings of Patel et al. (2015) for number of fruit 

plant
-1

 and average fruit weight, Farhad et al. (2008) 

for number of fruit plant
-1

. Days to first flowering, 

fruiting span, fruit length, fruit width, days to 50% 

flowering had (Table2) high negative direct effect on 

fruit yield plant
1
. The results are supported by the 

findings of Datta and Jana (2010) for width of fruit. 

Plant height at 150 DAT imparted highest positive 

indirect effect on average fruit weight, days to first 

flowering and days to 50% flowering and therefore 

these traits should be given due importance while 

practicing selection, aimed for improvement of fruit 

yield. Fruit length, fruit width, average fruit weight 

shows higher positive indirect effect on fruit yield 

plant
-1

.  

Thus in the present study correlation and path 

analysis collectively revealed the importance of plant 

height at 150 DAT, number of branches plant
-1

, days 

to first flowering, days to 50% flowering, days to 

first picking, fruiting span, number of fruit plant
-1

, 

fruit length, fruit width, average fruit weight were the 

most important characters contributing towards fruit 

yield plant
-1

 should be given more emphasis in the 

selection aimed at improving yieldinchilli.

 

Table 1. Estimates of genotypic and phenotypic correlation coefficients among fruit yield and its attributing 

traits in chilli  

Characters 

No. of 

primary 

branches / 

plant at 

harvest 

Days to 

1st 

flowering 

Days to 

50% 

flowering 

Days to 

1st 

picking 

Fruiting 

span 

No. of 

fruits 

/plant 

Fruit 

length 

(cm) 

Fruit 

width 

(cm) 

Average 

fruit 

weight 

(g) 

Fruit 

yield 

/plant 

(g) 

Plant height (cm) 

150 DAT 

G -0.137 -0.223 -0.561 -0.244 0.244 -0.491 0.581 0.223 0.723 0.090 

P -0.101 -0.136 -0.403** -0.224 0.224 -0.465** 0.490** 0.151 0.642** 0.081 

No. of primary 

branches / plant at 

harvest 

G  0.314 -0.190 0.307 -0.307 -0.293 0.215 0.061 0.099 -0.246 

P 

 0.296* -0.082 0.235 -0.235 -0.215 0.269* 0.002 0.139 -0.176 

Days to 1st 

flowering 

G   0.392 0.849 -0.849 -0.578 -0.422 0.057 0.038 -0.703 

P   0.193 0.514** -0.514** -0.376** -0.297* 0.108 0.097 -0.540** 

Days to 50% 

flowering 

G    0.483 -0.483 -0.058 -0.705 0.008 -0.376 -0.619 

P    0.441** -0.441** 0.005 -0.367** -0.088 -0.282* -0.326* 

Days to 1st picking 
G     -0.684 -0.477 -0.211 0.219 0.025 -0.630 

P     -0.621** -0.413** -0.143 0.058 0.013 -0.519** 

Fruiting span 
G      0.477 0.211 -0.219 -0.025 0.630 

P      0.413** 0.143 -0.058 -0.013 0.519** 

No. of fruit /plant 
G       -0.130 -0.219 -0.777 0.650 

P       -0.075 -0.216 -0.643** 0.597** 
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Fruit length (cm) 
G        0.272 0.401 0.243 

P        0.146 0.321* 0.269* 

Fruit width (cm) 
G         0.523 0.009 

P         0.394** -0.046 

Average fruit 

weight (g) 

G          0.004 

P          0.010 

Significant at 5% level = *  Significant at 1% level = ** 

 

Table 2. Genotypic path coefficients showing direct and indirect effects of different characters on fruit yield per 

plant (g) in Chilli 

Characters 

Plant 

height 

(cm)  

150 

DAT 

No. of 

primary 

branches / 

plant at 

harvest 

Days to 

1st 

floweri

ng 

Days to 

50% 

floweri

ng 

Days 

to 1st 

pickin

g 

Fruiti

ng 

span 

No. of 

fruits / 

plant 

Fruit 

length 

(cm) 

Fruit 

width 

(cm) 

Averag

e fruit 

weight 

(g) 

“r” 

value 

Fruit 

yield/ 

plant 

(g) 

Plant height (cm) 150 DAT 
1.6261 -0.0772 1.5124 1.0899 

-

1.1765 

-

1.1766 
-2.0660 

-

1.9651 

-

0.5250 
2.8386 0.090 

No. of primary branches / 

plant at harvest 

-

0.2220 
0.5657 -2.1264 0.3692 1.4774 1.4776 -1.2361 

-

0.7256 

-

0.1428 
0.3866 -0.246 

Days to 1st flowering -

0.3632 
0.1776 -6.7709 -0.7606 4.0860 4.0865 -2.4358 1.4264 

-

0.1342 
0.1482 -0.703 

Days to 50% flowering -

0.9127 
-0.1076 -2.6542 -1.9417 2.3227 2.3230 -0.2454 2.3836 

-

0.0186 
-1.4751 -0.619 

Days to 1st picking -

0.3976 
0.1737 -5.7485 -0.9378 4.8120 3.2918 -2.0074 0.7127 

-

0.5163 
0.0984 -0.630 

Fruiting span 
0.3976 -0.1737 5.7493 0.9372 

-

3.2914 

-

4.8126 
2.0074 

-

0.7127 
0.5163 -0.0984 0.630 

No. of fruit /plant -

0.7977 
-0.1660 3.9160 0.1132 

-

2.2935 

-

2.2956 
4.2117 0.4403 0.5165 -3.0477 0.650 

Fruit length (cm) 
0.9452 0.1216 2.8570 1.3691 

-

1.0145 

-

1.0146 
-0.5485 

-

3.3806 

-

0.6419 
1.5747 0.243 

Fruit width (cm) 
0.3620 0.0345 -0.3859 -0.0155 1.0538 1.0538 -0.9225 

-

0.9195 

-

2.3581 
2.0515 0.009 

Average fruit weight (g) 
1.1763 0.0560 -0.2573 0.7299 0.1203 0.1206 -3.2711 

-

1.3556 

-

1.2333 
3.9241 0.0040 

Residual effect at Genotypic  level = -0.903 
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Abstract: Agriculture and Animal husbandry is complementary enterprises and it plays a vital role in Indian economy. All 

India summary reports of the 17th livestock census released in July 2006 points out that India possesses the largest livestock 

populations in the world after Brazil. It accounts for about 56 per cent of the world’s buffalo population and 14 per cent of the 

cattle population. It ranks first in respect of buffalo and second in respect of cattle population, second in goat population and 

third in respect of sheep in the world. Animal husbandry output constitutes about 30 per cent of the country’s agriculture 

output (Indian Economy, 2007, pp. 23). 
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INTRODUCTION 

 

t present, the productivity of existing stock of 

cattle and buffaloes is very poor which can be 

increased if they are fed with balance and adequate 

quantity of quality fodder and feeds (Singh and Singh, 

2002). 

Inspite of that we are highly deficient in various 

livestock products, though we have about one-fourth 

of the total cattle population of the world. The 

analysis of this situation reveals that one of the main 

reasons for the low productivity of our livestock is 

malnutrition, under-nutrition or both, besides the low 

genetic potential of the animals. 

Chhattisgarh state is rich in livestock resources 

having the total population of cattle, buffalo, sheep 

and goat is 8154673, 1887194, 206484 and 2125317 

respectively. The total pasture area is about 855300 

ha and forage & fodder area is about 306 ha (Krishi 

Sankhyiki Sarini, C.G. Govt., 2006). But the 

production is only thousand metric tonnes with per 

capita availability of 72.06 ml, which is very low than 

the recommended quantity (220 g) by Indian Council 

of Medical Research (Chhattisgarh at glance 2001). 

The productivity of animal in Chhattisgarh is quit low 

in comparison to other states of the country. It has 

been observed that improvement of genetic make up 

of animal could only contributes up to 30 per cent to 

production and rest 70 per cent is depends on 

environment like proper nutrition, management and 

health cover (Singh and Singh, 2002).The 

unavailability of sufficient quantity of green fodder 

through the year in the state is the major constrain in 

the development of animal husbandry. The major part 

of livestock forage resources in Chhattisgarh is met 

either from byproduct (wheat, rice straw /crop 

residues) or form the less nutritious grasses leading to 

low production and productivity of live stock feeding 

of livestock with roughs increases the farmer makes it 

less feasible. 

Nitrogen is one of the essential plant nutrients and is 

the most limiting nutrient in Indian soil. The key 

function of nitrogen is to increase the vegetative 

growth and boost up the regrowth after cutting in 

forage production. The major portion of nitrogen 

taken by the plant is used in synthesizing protein. Oat 

being graminaceous species requires heavy dose of 

fertilizer nitrogen for producing high quality herbage. 

It is efficient nitrogen user among cereals. The 

response for nitrogen maximizing forage production 

per unit area per unit time is lacking in Chhattisgarh 

state. 

 

MATERIAL AND METHOD 

 

A Field experiment was conducted to evaluate “To 

Study the effect of Nitrogen on growth of Oat (Avena 

sativa L.).” This chapter deals with the concise 

description of the materials used and the experimental 

techniques adopted during the course of investigation. 

Experimental site 

The experiment was conducted during rabi season at 

the Instructional Farm, Indira Gandhi Krishi 

Vishwavidyalaya, Raipur (C.G.).  

Geographical situation 

Raipur is situated in the plain region of C.G. state and 

lies at 21
0
 16’ North Latitude and 81

0
 36’ East 

Longitude at an altitude of 298.56 meters above the 

mean sea level (MSL). 

Experimental details 

The experiment was laid out in Factorial Rendomized 

Block Design with three replication. The treatments 

were allotted to different plots by using random 

method. Different varieties of oat (Avena sativa L.) 

viz. UPO-2005-1(V1), NDO-1(V2), Kent (SC) (V3)and 

OS-6 (SC) (V4) and four levels of nitrogen viz. 0 kg 

ha
-1

 (N1), 40 kg ha
-1

 (N2), 80 kg ha
-1

 (N3) and 120 kg 

ha
-1

 (N4) are two factors were kept under different 

treatment combinations.  

Plan and layout of the experiment  

The treatments were randomly allotted as per detailed 

layout plan of the experiment. 

A 

SHORT COMMUNICATION 
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Table. Detail of experiment 

Factor A Factor B 

Varieties of oat crop Levels of Nitrogen (kg ha
-1

) 

UPO-2005-1 0 

NDO-1 40 

Kent (NC) 80 

OS-6 (NC) 120 

 

Particular Detail 

Design  Factorial Randomized Block Design  

Number of treatment 
Sixteen 

Number of replication Three 

Total number of plots Fourty-eight 

Dose of fertilizer N as per treatments
   

60 kg P2O5 ha
-1  

 

Spacing between 

A]   Replication 1 .0 m 

B]   Plot 0.5 m 

C]   Row 25 cm 

Net plot size 3.50 m X 2.50 m  =  8.75 m
2
 

Gross plot size  4.0 m X 3 .0 m = 12.00 m
2 

 

Gross experimental area 55.5 m X 14.0 m = 777 m
2
 

Date of sowing  07-12-2007 

Date of harvesting 20-02-2008 

 

Test crop  
Oat (Avena sativa L.) cultivar viz. UPO-2005-1(V1), 

NDO-1(V2), Kent (SC) (V3)and OS-6 (SC) (V4) were 

taken as test crop.  

Fertilizer application 

The required quantity of fertilizer was carried out as 

per the treatments. Urea and single super phosphate 

were used as the source of N and P respectively. Full 

dose of phosphorus was applied as basal and nitrogen 

was applied through urea as per levels of particular 

treatments in two split first 50 per cent at 25 DAS and 

50 per cent at 50 DAS. Details of fertilizer dose were 

given below: 

For each varieties of oat (UPO-2005-1, NDO-1, Kent 

(NC) and OS-6 (NC)} recommended dose of 

fertilizers are:      

N1   -   Nitrogen @ 0 kg ha
-1

 + SSP @ 60 kg ha
-1

 

N2    -   Nitrogen @ 40 kg ha
-1

 + SSP @ 60 kg ha
-1

 

N3   -   Nitrogen @ 80 kg ha
-1

 + SSP @ 60 kg ha
-1

  

N4   -   Nitrogen @ 120 kg ha
-1

 + SSP @ 60 kg ha
-1

  

Crop growth rate (CGR) (g plant 
-1

 day 
-1

) 

The crop growth rate indicates the growth of crop 

plants in g day
-1

 plant
-1

. The CGR was calculated with 

the help of following formula: 

     W2 - W1 

CGR (g day 
-1

 plant 
-1

)
   

 =   

       t2 - t1 

Where,  

W2 and W1 = Difference in oven dry biomass at the 

time interval 

    t2 - t1          = Time interval in day  

 

RESULT AND DISCUSSION 

 

The results obtained during course of investigation 

are presented below. The results are discussed here in 

the light of scientific reasoning to understand the 

cause and effect relationship. Vegetative part of the 

plant is considered as forage crop. 

A field experiment was carried out during Rabi 

season to study the “To study the effect of nitrogen on 

the growth of Oat (Avena sativa L.).” 

Plant population (m
-2

) 

Data recorded on plant population showed that on an 

average 200 plants m
-2

 were recorded under all 

treatments at 20 DAS.  

At 20 DAS, oat plants give significantly higher plant 

population with variety Kent (SC) (V3) than NDO-

1(V2) and OS-6 (SC) (V4) variety, but it was at par 

with UPO-2005-1 variety (V1). 

It was observed that plant population was higher with 

the application of 80 kg N per ha. (N3) over other 

doses at all stages of observation, but it was at par 

with 120 kg N per ha. (N4), obviously lowest plant 

population was noted under 0 kg N per ha. (N1). 

Interaction effect of varieties and nitrogen levels was 

also significant with respect to plant population at 20 

DAS. V1N4 (UPO-2005-1 + Nitrogen @ 120 kg ha
-1

) 

treatment recorded maximum plant population 

followed by V3N4 ((Kent (SC) + Nitrogen @ 120 kg 

ha
-1

). Lowest plant population was recorded in V2N1 

(NDO-1+ Nitrogen @ 0 kg ha
-1

) plot. 

Growth parameters  

Plant height (cm) 
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The data on plant height were recorded at 20, 40, 60 

DAS, plant height increased with the advancement of 

crop age up to harvest.  

At 20, 40, 60 DAS and at harvest, oat plants give 

significantly taller with variety Kent (SC) (V3) than 

NDO-1(V2) and OS-6 (SC) (V4) variety, but it was at 

par with UPO-2005-1 variety (V1). Amongst different 

doses of nitrogen, N3 (80 kg N ha
-1

) recorded 

significantly taller plant over other doses, but it was at 

par with N4 (120 kg N ha
-1

). 

The interaction effect was found non significant at 20, 

40 and 60 DAS but at harvest stage interaction effect 

was found significant difference. However at this 

stages, interaction were also noted to vary 

significantly, giving tallest plant under V3N3 (Kent 

(SC) + Nitrogen @ 80 kg ha
-1

) and shortest V2N1 

(.NDO-1+ Nitrogen @ 0 kg ha
-1

). 

Tiwari et al. (1980) observed that forage sorghum 

responded well to nitrogenous fertilizer as the 

nitrogen has the quickest and most pronounced effect 

on the vegetative growth. Singh and Singh (1983) 

also reported similar findings. Poonia et al. (1999) 

observed that plant height increased upto 80 kg 

nitrogen ha
-1

 while number of green leaf plant
-
1 at 

harvest increased with increasing nitrogen rate. Joon 

et al. (1989) also reported similar findings. 

Qamar et al. (2006) reported that cultivars Jasper and 

Scott produced significantly taller plants than other 

varieties. The tallest plants (130-cm) were produced 

by Jasper followed by Scott (126.6 cm). The check 

variety Local D. I. Khan had 111.6 cm plant height. 

Minimum plant height (111.3 cm) was produced by 

variety No. 677 of oat.  

Crop growth rate (g plant
-1

 day
-1

) 

The crop growth rate was influenced significantly due 

to various treatment  at 40, 60 DAS and at harvest. 

The data shown that oat plants give significantly 

higher crop growth rate with variety Kent (SC) (V3) 

than NDO-1(V2) and OS-6 (SC) (V4) variety, but it 

was at par with UPO-2005-1 variety (V1). 

The mean value revealed that CGR during 20 to 40 

DAS, 40 to 60 DAS and 60 DAS to harvest. 

Significantly influenced by various level of nitrogen 

application. Nitrogen application @ 80 kg ha-1 (N3) 

recorded highest CGR. Lowest CGR was recorded 

under 0 kg N ha
-1

 (N1). 

Among interaction, V3N3 (Kent (SC) + Nitrogen @ 

80 kg ha
-1

) recorded significantly higher CGR over 

other treatment combination during 20-40 DAS and 

40 to 60 DAS. Lowest value of CGR was obviously 

recorded with V2N4 (NDO-1+ Nitrogen @ 120 kg ha
-

1
).At 60 DAS to harvest, CGR recorded lowest 

compared to 20 to 40 DAS and 40 to 60 DAS. 

Pradhan and Mahapatra (1995) found that application 

of nitrogen up to 120 kg ha
-1

 observed that  highest 

crop growth rate (17.94 and 11.1 g m
-2

 day
-1

) was 

recorded at 25-35 DAS and 35-45 DAS in 1987-88 

and 1988-89, respectively. 
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