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Abstract: The present study deals with the phytosociological study on flora and fauna diversity of Bonaigarh forest division,
Sundergarh district, Odisha, India during 2014-2015. A total of 323 species were recorded which represented by 133
families and 270 genera. Out of 323 species, 120 trees (42 family and 99 genera), 61 shrubs and herbs (32 family and 51
genera), 19 climbers (13 family and 17 genera), 25 grasses (18 genera and poaceae family), 35 mammals (18 family and 30
genera), 13 reptiles (7 family and 12 genera) and 50 birds (20 family and 43 genera).
Keywords: Phytosociological, diversity, Bonaigarh Forest Division, Sundergarh district, Odisha, flora and fauna

INTRODUCTION

as ecosystem energy because it allows building
complex tropical networks and it functions as

L

arge scale of deforestation, human settlements,

insurance for ecosystem stability and resilience

agricultural expansion, and other infrastructure

(Gaston and Spicer 2004) and other hand its rapid

related to development over the last century led

depletion worldwide (Shrestha, 1999; Singh, 2002).

to a rapid decline of tropical forests throughout the

Bonaigarh (N 21035’26’’ to 22004’38’’ and E

world, which in turn affected the biodiversity,

84029’34’’ to 85022’38’’) is the south-eastern part of

climate change, ecological services, soil fauna, soil

Sundergarh district of Odisha (Fig. 1). While it is

productivity and the livelihoods of forest dwelling as

flanked by the panposh subdivision of Sundergarh in

well as rural people (Kumar, 2016). Apart from, with

the north and Singhbhum district of Jharkhand in the

increase in human activity in and around forest

north-east, it is bounded on the south and west by the

ecosystems, phytosociological analysis of natural

Sambalpur district, on the east and south- east by the

vegetation is recognized as an efficient and

Keonjhar and Anugul district of Odisha respectively.

appropriate method to select out useful plant species

This divison is mainly surrounded by Brahmani river

from natural communities. Phytosociology used in

on which the agricultural works depend. The tribals

many different research fields in nature conservation

like the paudi bhuyans, the kol, the kharia, the kisan,

to describe the habitat and give the reader an idea of

the munda, and the gond. Therefore, the study

the species composition and vegetation structure but

presented here was undertaken to determine the

also on detailed structural attributes of the vegetation

biodiversity of flora and fauna of Bonaigarh forest

(Palomino and Alvarez, 2009). Biodiversity has

ranger that will be helpful to best management,

become the issue of global attention because of

sustainable utility and conservation techniques.

growing awareness of its important on the one hand
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Fig. 1. Geographic map of the study area and arrow indicate the place of the research area
MATERIAL AND METHOD
The investigation was based on the six month survey
worked under the BSc course (Forestry) in
experience programme in 2014-15. The study area is
very rich biodiversity in flora and fauna and also
having ecological significance. We were laid
randomized 100 plots; each plot represents as
quadrates of 20 x 20 m and identified the all the tree
species (≥30 cm GBH) found within the quadrate.
We were also laid out the each quadrate in 5 x5 m.
To collect information on ground layer and other

herbaceous species, quadrates of 2 x 2 m size were
laid out within the tree quadrates of all corners and
one in centre (Fig. 2). All the plant species which
were found inside and outside as well of the sample
plots were identified and documented using
‘botanically identified by Revision of the flora of
Bombay Presidency (Blatter and McCann, 19261935); Flora of Gujarat state (Shah, 1978); Floristic,
phytosociology and ethnobotanical study of
Umarpada forest in South Gujarat (Vashi, 1985) and
Flora of Gujarat (Shah et al., 1981).

Fig. 2. Assessment of herbaceous species of tree species in Quadrate Plot
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the dominant species and followed by Sida cordifolia
and Ipomea reptans.
Taxonomically, woody vegetation of Bonaigarh
Forest Division, Sundergarh district, Odisha,
Caesalpiniaceae and Fabaceae was most diverse
family with maximum (9) number of species
followed by Mimosaceae (8), Rubiaceae (7),
Anacardiaceae, Euphorbiaceae and Moraceae (6),
Myrtaceae and Combreataceae (5), Meliaceae,
Rutaceae, Sterculiaceae and Verbenaceae (4) (Fig.
3). But on the herb vegetation, maximum species was
recorded in Euphorbiaceae (5), Rubiaceae and
Verbenaceae
(4),
Apocynaceae,
Lamiaceae,
Oleaceae, Solanaceae and Zingiberaceae (3) (4)
while for climbers, Fabaceae (3), Dioscoreaceae,
Liliaceae, Mimosaceae and Rhamnaceae (2) (Fig. 5).
Taxonomically, fauna diversity of Bonaigarh Forest
Division, Sundergarh district, Odisha, Canidae and
Felidae most diverse family with maximum (4)
number of species followed by Cervidae, Muridae
and Sciuridae (3) (Fig. 6). It also recorded that 13
reptiles (7 family and 12 genera) (Fig. 7) and 50
birds (20 family and 43 genera).during study period
(Fig. 8).

RESULT AND DISCUSSION
Plants are one of the very essential components on
this earth and are very crucial as they form the main
life supporting system for many living things
including human race. Species composition and
community structure are determined and regulated by
a mosaic of environmental and anthropogenic factor
(Dolezol and Srutek, 2002). Anthropogenic
interventions like lumbering (Kikim and Yaadava,
2001), overgrazing (Ahmed et al., 2006), Low
fertility (Dasti and Malik, 2000) and forest
encroachments are among the major regulatory
factors controlling species distribution (Muller and
Ellenberg, 1974). The results may be influenced due
to sampling methodology, geographical location,
edaphic and climatic condition of the study area
when compared with other tropical forests. The
composition, total of 323 species were recorded
which were represented by 133 families and 270
genera. (Appendix I to VII). In tree species Shorea
robusta in association with Terminalia tomentosa,
Schleichera oleosa, Mitragyna parvifolia, Diospyros
melanoxylon, Buchanania lanzan, Madhuca indica
and miscellaneous species. In herb, Cassia tora was
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Fig. 3. Family basis of woody vegetation of Bonaigarh Forest Division, Sundergarh, Odisha
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Fig. 4. Family basis of herbs vegetation of Bonaigarh Forest Division, Sundergarh, Odisha
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Fig 5. Family basis of shrubs vegetation of Bonaigarh Forest Division, Sundergarh, Odisha
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Fig 6. Family basis of fauna diversity of Bonaigarh Forest Division, Sundergarh, Odisha
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Fig 7. Family basis of snake’s diversity of Bonaigarh Forest Division, Sundergarh, Odisha
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Fig 8. Family basis of bird’s diversity of Bonaigarh Forest Division, Sundergarh, Odisha
The study of floristic
composition and
phytosociological attributes are useful for comparing
one community with the other from season to season
and year to year (Singh, 1976). Each species within a
community has large measure of its structural and
functional individualism and has more or less
different ecological amplitude and modality (Singh
and Joshi, 1979). The species diversity reflects the
gene pool and adaptation potential of the community
(Odum, 1971) and also distribution of individuals
among the species in a particular habitat. Reports of
Tewari (1982), Badauni and Sharma (1996), Lal et
al. (1994), Ilorkar and Khatri (2003) have explored

the importance of quantitative information. These
results are supported by similar studies at various
sites in Shervarayan hills (Kaduvul and Parthasarathy
1999); Ramgadhi forest range, Gujarat (Vediya and
Kharadi, 2012); Darlaghat Wildlife Sanctuary,
Himachal Pradesh (Thakur et al., 2012); Waghai
Forest Range in Dang District, Gujarat (Kumar,
2012; Kumar et al., 2013; Kumar 2016); Sivagangai
district, Tamilnadu (Sundarapandian and Subhiah,
2015); Doon Valley, Uttrakhand (Mohammad and
Joshi, 2015) and Chikhali Taluka of Navsari district,
Gujarat (Kumar, 2016).

Table 1. Woody vegetation diversity of Bonaigarh Forest Division, Sundergarh district, Odisha
TREES
Sl no.
Botanical name
Local name
Family
1
Acacia auriculiformis
Sunajhari
Mimosaceae
2
3
4
5
6
7
8
9

Acacia catechu
Acacia leucophloea
Acacia nilotica
Adina cordifolia
Aegle marmelos
Alangium lamarckii
Albizia lebbeck
Albizia procera

Khaira
Gohira
Babul
Haldu(Halamda)
Belo
Ankula
Kalasiris
Safed siris

Mimosaceae
Mimosaceae
Mimosaceae
Rubiaceae
Rutaceae
Alangiaceae
Mimosaceae
Mimosaceae

10
11
12

Alstonia scholaris
Anacardium occidentale
Annona reticulata

Chhatin
Kaju(Lanka Badam)
Ram phala

Apocynaceae
Anacardiaceae
Annonaceae

13

Anogeissus accuminata

Phasi

Combretaceae

14
15
16

Anogeissus latifolia
Anthocephalus cadamba
Artocarpus heterophyllus

Dhaura
Kadamba
Panas

Combretaceae
Rubiaceae
Moraceae

17
18

Artocarpus lakoocha
Azadiracta indica

Jeoktba (Makeyjack)
Neem/Limba

Moraceae
Meliaceae

19
20
21
22

Barringtonia acutangula
Bauhinia purpurea
Bauhinia racemosa
Bauhinia variegata

Hinjal
Kuilari (Debakanchan)
Ambalata
Kanchan

Barringtoniaceae
Caesalpinlaceae
Caesalpiniaceae
Caesalpiniaceae
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23
24

Bixa orellana
Bombax ceiba

Japhra
Semili

Bixaceae
Bombacaceae

25

Borassus flabellifer

Tala

Arecaceae

26

Boswellia serrata

Salai

Burseraceae

28
29
30
31

Bridellia retusa
Buchanania lanzan
Bursera serrata
Butea monosperma

Kasi
Char
Andiri (Rajmai)
Palasa

Euphorbiaceae
Anacardiaceae
Burseraceae
Fabaceae

32
33

Callicarpa arborea
Caryota urens

Badopatri
Salap(Toddypalm)

Verbenaceae
Arecaceae

34
35

Cascabela thevetia
Cassia fistula

Koniyari
Sunari

Apocynaceae
Caesalpiniaceae

36
37
38
39
40
41

Cassia siamea
Chloroxylon swietenia
Cleistanthus collinus
Cochlospermum gossipium
Crateva religiosa/ C.nurvala
Dalbergia latifolia

Chakundi
Bheru
Karda
Goniari (Kanta palas)
Barun
Pahadi sisoo

Caesalpinlaceae
Rutaceae
Euphorbiaceae
Cochlospermaceae
Capparaceae
Fabaceae

42

Dalbergia sissoo

Sisoo

Fabaceae

43
44

Dalborgia paniculata
Dellenia pentagyna

Barbakulia
Rai

Fabaceae
Dilleniaceae

45
46
47

Delonix regia
Desmodium oojeinensis
Diospyros malabarica

Krushna Chuda/Gulmohar
Bandhan
Mankada kendu

Caesalpinlaceae
Fabaceae
Ebenaceae

48
49
50
51
52
53

Diospyros melanoxylon
Diospyros montana
Emblica officinalis
Erythrina suberosa
Eucalyptus globulus
Eucalyptus species

Kendu
Haldi
Aonla
Balthia(paldhua)
Blue gum (Nilagiri)
Nilagiri

Ebenaceae
Ebenaceae
Euphorbiaceae
Fabaceae
Myrtaceae
Myrtaceae

54
55
56
57

Feronia elephantum
Ficus benghalensis
Ficus glomerata
Ficus religiosa

Kaitho
Baro
Dimiri
Pipal

Rutaceae
Moraceae
Moraceae
Moraceae

58
59
60
61

Gardenia latifolia
Garuga pinnata
Gmelina arborea
Grevellia robusta

Dam kuruda
Kenkat
Gambhari
Silver oak

Rubiaceae
Burseraceae
Verbenaceae
Proteaceae

62
63
64
65
66
67
68

Grewia tiliifolia
Holoptelia integrifolia
Hymenodictyon excellsum
Jacaranda mimosifolia
Kydia calycina
Lagerstroemia parviflora
Lannea coromandelica

Dhaman
Dauranja
Kansa
Bishnuchuda
Bankapasia
Sennha (Sidha)
Moi

Tiliaceae
Ulmaceae
Rubiaceae
Bignoniaceae
Malvaceae
Lythraceae
Anacardiaceae

69

Limonia acidissima

Bhenta

Rutaceae

70
71
72
73

Litsea macrophylla
Macaranga peltata
Madhuca indica
Mallotus phillippensis

Gadapanasa (Baghoari)
Gondaguria
Mahul
Kamalagundi

Lauraceae
Euphorbiaceae
Sapotaceae
Euphorbiaceae

74

Mangifera indica

Amba

Anacardiaceae
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75
76
77
78

Michelia champaca
Miliusa velutina
Mitragyna parvifolia
Moringa tinctoria

Champa
Gandhapalasa
Mundi
Achu

Magnoliaceae
Annonaceae
Rubiaceae
Rubiaceae

79
80

Moringa oleifera
Oroxylum indicum

Munagha(Sajana)
Phemphana

Moringaceae
Bignoniaceae

81

Peltophorum ferrugineum

Radhachuda

Caesalpiniaceae

82

Phoenix sylvestris

Khajuri

Arecaceae

83
84

Pinus insularis/P.khasia
Polyalthia longifolia

Pine(Khasi)
Debadaru ( Ashoka)

Pinaceae
Annonaceae

85
86
87
88
89
90
91

Pongamia pinnata
Psidium guajava
Pterocarpus marsupium
Pterospermum heyneamum
Pterospermum heyneanum
Pterospermum suaveolens
Samanea saman

Karanja
Amrud(Pijuli)
Bija
Giringa
Machhkund/Giringa
Padhel (Chuin patoli)
Chakunda(Bada)/Rain tree

Fabaceae
Myrtaceae
Fabaceae
Sterculiaceae
Sterculiaceae
Sterculiaceae
Mimosaceae

92
93
94

Santalum album
Sapindus mucorosis
Saraca asoca

Chandan
Rithaphala (Muktamanja)
Ashoka

Santalaceae
Sapindaceae
Caesalpinlaceae

95
96
97

Schleichera oleosa
Schrebera swietenioides
Semecarpus anacardium

Kusum
Mokha/Mukha
Bhalia

Sapindaceae
Oleaceae
Anacardiaceae

98
99
100

Sesbania grandiflora
Shorea robusta
Soymida febrifuga

Agasti
Sal
Rohini

Fabaceae
Dipterocarpaceae
Meliaceae

101

Spathodea campanulata

Tulip tree(African)

Bignoniaceae

102

Spondius mangifera

Ambada

Anacardiaceae

103
104
105

Sterculia urens
Strebulus aspera
Strychnos nux-vomica

Genduli
Sahada
Kochila

Sterculiaceae
Moraceae
Strychnaceae

106
107
108
109

Swietenia mahogani
Sysygium cumini
Syzygium operculate
Tamarindus indica

Mahagni
Jamun
Pitajamu (poi-gam)
Tentuli

Meliaceae
Myrtaceae
Myrtaceae
Caesalpiniaceae

110

Tamilnadia uliginosa

Thelka

Rubiaceae

111

Tectona grandis

Saguan (Teak)

Verbenaceae

112

Terminalia bellirica

Bahada

Combretaceae

113
114
115

Terminalia chebula
Terminalia tomentosa
Toona ciliata

Harida
Sahaja(Asan)
Toon

Combretaceae
Combretaceae
Meliaceae

116

Trewia nudiflora

Panigambhari

Euphorbiaceae

117

Vitex peduncularis

Chadaigudi

Verbenaceae

118
119
120

Wrightia tomentosa
Xylia xylocarpa
Zizyphus mauritiana

Bod-kurhein
Tangini
Ghanto

Apocynaceae
Mimosaceae
Rhamnaceae
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Table 2. Shrubs and herbs diversity of Bonaigarh Forest Division, Sundergarh district, Odisha
HERBS AND SHRUBS
Sl. No.
Botanical name
Local name
Family
1
Achyranthes aspera
Apamaranga
Amaranthaceae
2
Agava sisalana
Sisal
Agavaceae
3
Agave americana
Murga
Agavaceae
4
Andrographis paniculata
Bhuin-Nim (Chirecta)(KalaAcanthaceae
megh)
5
Annona squamosa
Ata/Seetaphal
Annonaceae
6
Aristolochia bracteata
Hansalata
Aristolochiaceae
7
Boerhavia diffusa
Punarnava/Pugincannava
Nyctaginaceae
8
Calotropis procera
Arakha(arka)
Asclepiadaceae
9
Casearia tomentosa
Khakada (Kakali)
Flacourtiaceae
10
Cassia tora
Dhola chakunda
Caesalpiniaceae
11
Clerodendron infortunatum
Bhant
Verbenaceae
12
Colocasia esculenta
Saru
Araceae
13
Curcuma amada
Amada/Ama-haldi
Zingiberaceae
14
Curcuma aromatica
Palua/Bana-haldi
Zingiberaceae
15
Curiuma angustifolia
Palma/Palagunda
Zingiberaceae
16
Datura stramonium
Datura (Duddura)
Solanaceae
17
Eupatorium odoratum
Pokasunga
Asteraceae
18
Euphorbia hirta
Hariharika
Euphorbiaceae
19
Euphorbia tirucalli
Khadisiju
Euphorbiaceae
20
Flemingia chappar
Ranikathi
Fabaceae
21
Gardenia gummifera
Khuradu
Rubiaceae
22
Grewia hirsuta
Sunaragoda
Tiliaceae
23
Helicteres isora
Antia (Murmuria)
Sterculiaceae
24
Hemidesmus indicus
Anata-mula
Asclepiadaceae
25
Holarrhena antidysenterica
Kurei/Kurmi
Apocynaceae
26
Hydrocotyle asiatica
Brahmi/Thalkuni
Apiaceae
27
Indigofera pulchela
Girli
Fabaceae
28
Ipomea carnea
Besharam/Omor
Convolvulaceae
29
Ixora parviflora
Kila keruan
Rubiaceae
30
Jasminum humile
Kundo-phul
Oleaceae
31
Jasminum pubescens
Kunda phula
Oleaceae
32
Jatropha carcus
Baigaba
Euphorbiaceae
33
Jatropha gossypifolia
Nilabaigaba
Euphorbiaceae
34
Justicia adhatoda
Basanga
Acanthaceae
35
Lantana camara
Nagauiri(Nagaboiri)
Verbenaceae
36
Lawsonia inermis
Mehandi(Manjuati)
Lythraceae
37
Murraya koenigii
Bhursunga (Mirsinga pattra)
Rutaceae
38
Murraya exotica
Kaminic
Rutaceae
39
Nerium indicum
Karibira
Apocynaceae
40
Nyctanthes arbortriatis
Gangasiuli (gotikhadika)
Oleaceae
41
Ocimum basilicum
Tulasi(Dhala)
Lamiaceae
42
Ocimum gratissimum
Bana-tulasi
Lamiaceae
43
Ocimum zanctum
Tulasi (Kala)
Lamiaceae
44
Phoenix acaulis
Ban-Khajuri
Arecaceae
45
Pithecellobium dulce
Sima koina
Mimosaceae
46
Plumbago rosea/P.indica
Rakta chitaparu(Lal-chita)
Plumbaginaceae
47
Plumbago zeylanica
Sitaparu/Dhola-chitaparu
Plumbaginaceae
48
Premna herbacea
Gudamari
Verbenaceae
49
Randia dumetorum
Mohana (Pottua)
Rubiaceae
50
Rauvolfia serpentina
Patalgaruda
Apocynaceae
51
Ricinus communis
Jada
Euphorbiaceae
52
Sida cordifolia
Bisiripi/Bajramuli
Malvaceae
53
Solanum xanthocarpum
Bheji Baigana(Ankaranti)
Solanaceae
54
Tribulus terrestris
Gokhara
Averrhoaceae
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55
56
57
58
59
60
61

Tridax procumbens
Vitex negundo
Wendlandia tinctoria
Withania somnifera
Woodfordia fructicosa
Ziziphus mauritiana
Zizyphus oenoplea

Bisalya-karani/Bhumi poksungo
Nirgundi (Begunia)
Tilai
Ashwagandha
Dhatiki
Barkoli
Kanteikoli
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Asteraceae
Verbenaceae
Rubiaceae
Solanaceae
Lythraceae
Rhamnaceae
Rhamnaceae

Table 3. Climbers vegetation diversity of Bonaigarh Forest Division, Sundergarh district, Odisha
CLIMBERS
Sl. No.
Botanical name
Local name
Family
1
Abrus precatorius
Gunja (Kaincha)
Fabaceae
2
Acacia sinuata
Dantari (Nali-Kantia)
Mimosaceae
3
Asperagus racemosus
Satawar
Liliaceae
4
Bauhinia vahlii
Siali
Caesalpiniaceae
5
Butea superba
Lata palasa
Fabaceae
6
Cassytha filiformis
Nirmuli
Cassytha
7
Combretum decandrum
Atundi
Combretaceae
8
Cryptolepis buchananii
Dudhi-mal
Periplocaceae
9
Dioscorea deltoidea
Desi Alu
Dioscoreaceae
10
Dioscorea hispida
Karu Kando/Kuliha kanda
Dioscoreaceae
11
Entada acandens/E.pursaitha
Gilo
Mimosaceae
12
Gloriosa superba
Meheria phulo
Liliaceae
13
Hiptage madablota
Madhumalati
Malpighiaceae
14
Ipomea reptans
Kalmi sag
Convolvulaceae
15
Loranthus scurrula
Madang
Loranthaceae
16
Millettia auriculata
Arkawla
Fabaceae
17
Smilax macrophylla
Muturi
Smilaceae
18
Ventilago denticulata
Pitchuli/Kantamali
Rhamnaceae
19
Ventilago madraspatana
Petchurimal(Torida)
Rhamnaceae
Table 4. Grasses vegetation diversity of Bonaigarh Forest Division, Sundergarh district, Odisha
GRASSES
Sl. No.
Botanical name
Local name
Family
1
Aristida setacea
Ghodalanji
Poaceae
2
Arundinella setosa
Jharu
Poaceae
3
Bambusa arundinacea
Daba Bauns (Kanta bamboo)
Poaceae
4
Bambusa nutans
Badia Bauns
Poaceae
5
Bambusa tulda
Taleda Bauns
Poaceae
6
Bambusa vulgaris
Sundarkani
Poaceae
7
Bothriochloa pertma
Basana
Poaceae
8
Bothriochloa bladhii
Gonda bena
Poaceae
9
Chrysopogon gryllus
Guguchia
Poaceae
10
Cymbopogon flexuosus
Dhanwaritari
Poaceae
11
Cymbopogon matinii
Rosa grass
Poaceae
12
Cynodon dactylon
Duba (Dhubo)
Poaceae
13
Dendricalamus strictus
Bauns(Salia bamboo)
Poaceae
14
Eragrostis coaretata
Koji jhipa (Kuti)
Poaceae
15
Eragrostis unioloides
Phuri Phuri
Poaceae
16
Eulaliopsis binata
Sabai (Panasi)
Poaceae
17
Heteropogon contortus
Sinkulia
Poaceae
18
Ichaemum rugosum
Tuli
Poaceae
19
Imperata arundinaceae
Chhana
Poaceae
20
Oryza rufipogon
Balunga
Poaceae
21
Phragmites karka
Noto
Poaceae
22
Saccharum spontaneum
Kasa tandi (Chadeia)
Poaceae
23
Saccharum spontaneum
Tandi (kasatandi)
Poaceae
24
Thysanolaena maxima
Phulbadhun (Phul Jhadu)
Poaceae
25
Vetiveria zizaniodes
Khus-Khus (Bena)
Poaceae
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Table 5. Fauna diversity of Bonaigarh Forest Division, Sundergarh district, Odisha
MAMMALS
Sl. No. Latin name
Local name
English name
1
Axis axis
Harina
Spotted deer
2
Canis aureus
Bilua
Jackal
3
Canis lupus
Ramsiali
Wolf
4
Cervus unicolor
Sambar
Sambar
5
Cuon alpinus
Balia Kukur
Wild dog or Dholes
6
Cynopterus sphinx
Badudi
Shortnosed fruitbat
7
Felis bengalensis
Cheetah Biradi
Leopard cat
8
Felis chaus
Banbiradi
Jungle cat
9
Funambulus palmarum
Gunduchimusa
3 stripped palm
squirrel
10
Funambulus pennantii
Gunduchimusa
5 stripped palm
squirrel
11
Herpestes auropunctatus
Neula (Kuji)
Small indian
mangoose
12
Herpestes edwardsi
Neula (Hatia)
Common mangoose
13
Hyaena hyaena
Heta Bagha
Hyaena
14
Hystrix indica
Jhinka
Porcupine
15
Lepus nigricollis
Thekua
Hare
16
Lutra perspicillata
Odha
Smooth Indian otter
17
Macaca mulatta
Mankada (Pati)
Rhesus monkey
18
Madromys blanfordi
Musa
White tailed wood
rat
19
Manis crassicaudata
Bagrakapta
Pangolin
20
Mellivora capensis
Gada Bhalu
Ratel
21
Melursus ursinus
Bhalu
Sloth bear
22
Muntiacus muntijak
Kutura
Barking deer
23
Panthera pardus
Kalarapatria Bagha
Leopard (Panther)
24
Panthera tigris
Bagha
Tiger
25
Paradoxurus
Saliapatani
Toddycat
hermaphroditus
26
Presbytis entellus
Mankada (Hanu)
Monkey
27
Rattus rattus
Musa
Rat
28
Ratufa indica
Musa (Nepali)
Gaint indian squirrel
29
Suncus murinus
Chhuchhundra
Grey musk shrew
30
Sus scrofa cristatus
Barha
Wild boar
31
Tetracerus quadricornis
Chausingha
The Four horned
antelope
32
Tragulus meminna
Gurandi
Mouse deer
33
Vandeleuria oleracea
Musa
Long tailed tree
mouse
34
Viverricula indica
Saliapatani
Small Indian civet
35
Vulpes bengalensis
Kokisiali
Fox
Table 6. Reptile diversity (Snake) of Bonaigarh Forest Division, Sundergarh district, Odisha
SNAKES
Sl. No. Latin name
Local name
English name
1
Ahaetulla spp
Kandanali
Tree snake
2
Boa constrictor
Boda
Common boa
3
Bungarus caeruleus
Chiti
Common Indian krait
4
Bungarus candidus
Rana
Krait
5
Dryophis nasutus
Laudankia
Common green
whipsnake
6
Echis carinatus
Dhulinag
Saw scale viper
7
Naja naja
Naga (Gokhar)
Indian cobra
8
Natrix piscator
Pani dhanda
Checkeered keel

Family
Cervidae
Canidae
Canidae
Cervidae
Canidae
Pteropodidae
Felidae
Felidae
Sciuridae
Sciuridae
Herpestidae
Herpestidae
Hyaenidae
Hystricidae
Leporidae
Mustelidae
Cercopithecidae
Muridae
Manidae
Mustelidae
Ursidae
Cervidae
Felidae
Felidae
Viverridae
Cercopithecidae
Muridae
Sciuridae
Soricidae
Suidae
Bovidae
Tragulidae
Muridae
Viverridae
Canidae

Family
Lamprophiidae
Boidae
Elapidae
Elapidae
Colubridae
Viperidae
Elapidae
Colubridae
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9
10
11
12
13

Ophiophagus hannah
Ptyas mucosus
Python molurus
Typhlops braminus
Vipera russelli

Ahiraja
Dhamana
Ajagarh
Teli sapa
Dhandaboda
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back
King cobra
Rat snake
Indian python
Common blind snake
Russels viper

Table 7. Birds diversity of Bonaigarh Forest Division, Sundergarh district, Odisha
BIRDS
Sl. No. Latin name
Local name
English name
1
Acridotheres tristis
Bani
Myna indian
2
Anas crecca
Batak
Teal common
3
Anas poecilorhyncha
Hansa
Duck Grey or spotbill
4
Anastomus oscitans
Gandalia
Asian openbilled
stork
5
Anthracoceros coronatus
Kuchilakhai
Hornbill malabar pied
6
Apus affinis
Chataka
Swift House
7
Ardeola grayii
Kantiabaga
Heron pond or paddy
bird
8
Athene brama
Pecha
Owlet spotted
9
Bubulcus ibis
Baga
Egret cattle
10
Bubo bubo
Pecha
Owl indian
greathorned
11
Casarca ferruginea
Chakua-chakoi
Duck Ruddy
sheldrake
12
Centropus sinensis
Kumbhatua
Crowpheasant
13
Ceryle rudis
Machharanka
King fisher pied
14
Clamator jacobinus
Chatak
Cuckoo pied crested
15
Columba livia
Deuliapara
Pigeon Bluerock
16
Copsychus saularis
Nilkantha
Robin magpie
17
Coracias benghalensis
Bhadbhadalia
Roller or blue jay
18
Corvus macrorhynchos
Damara kau
Crow jungle
19
Corvus splendens
Kau
Crow house
20
Cuculus micropterus
Koili
Cuckoo indian
21
Cuculus varius
Koili
Cuckoo common
Hawk
22
Dicrurus macrocercus
Kajalpati
Kajalpati
23
Dicrurus paradiseus
Bhrungaraja
Drongo rocket tailed
24
Dinopium benghalense
Kathkhumpa
Woodpecker golden
backed
25
Ducula aenea
Para
Pigeon imperial green
26
Francolinus pondicerianus Teetiri
Patridge grey
27
Gallus gallus
Banakukuda
Jungle fowl red
28
Gallus sonneratii
Banakukuda
Jungle fowl grey
29
Gracula religiosa
Sari
Myna hill
30
Gyps bengalensis
Saguna
Vulture white
backedor bengal
31
Haliastur indus
Sankhachilla
Kite Brahminy
32
Milvus migrans
Chilla
Kite common pariak
33
Oriolus xanthornus
Haladi basanta
Oriole black headed
34
Orthotomus sutorius
Phutki
Tailor bird
35
Passer domesticus
Gharchatia
House sparrow
36
Pavo cristatus
Mayur
Peafowl common
37
Perdicula asiatica
Teetri
Quail Bush jungle
38
Phalacrocora niger
Panikua
Cormorant little
39
Picoides nanus
Kathkhumpa
Woodpecker
40
Ploceus phillippinus
Baya
Baya weaver bird
41
Podiceps ruficollis
Hansarali
Grebe little or

Elapidae
Colubridae
Pythonidae
Typhlopidae
Viperidae

Family
Sturnidae
Anatidae
Anatidae
Ciconiidae
Bucerotidae
Apodidae
Ardeidae
Strigidae
Ardeidae
Strigidae
Anatidae
Cuculidae
Alcedinidae
Cuculidae
Columbidae
Muscicapidae
Coraciidae
Corvidae
Corvidae
Cuculidae
Cuculidae
Dicruridae
Dicruridae
Picidae
Columbidae
Phasianidae
Phasianidae
Phasianidae
Sturnidae
Accipitridae
Accipitridae
Accipitridae
Oriolidae
Cisticolidae
Passeridae
Phasianidae
Phasianidae
Phalacrocoracidae
Picidae
Ploceidae
Podicipedidae
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42
43

Psittacula eupatria
Pycnonotus cafer

44

Pycnonotus jocosus

Sua
Bulbul or
Gobrachadhei
Pahadi bulbul

45
46
47
48

Streptopelia chinensis
Streptopelia decaocto
Sturnus contra
Tockus birostris

Kapota
Kapota
Ghukalika
Bhaliakhai

49
50

Turdoides caudatus
Turnix suscitator

Kunda
Gunduri
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ADAPTIVE VARIABILITY IN LEAF TRAITS OF MANGROVE FERN
ACROSTICHUM AUREUM L. IN RELATION TO ECOLOGICAL VARIATIONS
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Abstract: The macro and micro morphological traits of lamina (length and maximal width, the ratio of length & width (L:
W), area, and stomatal index) are studied in the mangrove fern Acrostichum aureum L. (golden leather fern) grown naturally
in mangrove and non-mangrove regions in West Bengal, India. Jharkhali, and Bhagbatpur are two selected sites in mangrove
region of Indian Sundarbans from where the mature leaves are collected for study. Besides, the collection sites also include
three non-mangrove regions namely, E.M. Bypass, and Garia of South 24 Parganas district and Majherchar, Kalyani of
Nadia district of West Bengal. Individual parameter has been assessed and statistically analyzed. One-way analysis of
variance (ANOVA) test significant variations in most of the leaf traits between and among the sites, but the percentage of
variations in stomatal indices are less which signifies more stability. Results suggest that ecological conditions measured
through soil attributes have some important role in controlling leaf traits adaptability.
Keywords: Indian Sundarbans, E.M. Bypass, Garia, Majherchar, Kalyani, macro and micro morphology, ANOVA

INTRODUCTION

A

daptive mechanisms of water use efficiency by
mangrove plants have enormous importance in
human welfare (Tomlinson 1986; Kathiresan 2012).
As of conservation priorities, explicit design of
experimental studies is performed to generate results
that can be applied to emerging global problems;
however, reports are rather meagre about the
influence of habitat fragmentation on adaptive
measures of mangrove plants (Ellison 2000, 2004;
Hazra et al. 2002; Mitra et al. 2014). As such, there
are ample scopes of research to explore the
uncertainties of how component traits can be
integrated into whole plant phenotypes to combat the
water stress. Furthermore, the plasticity of
mangroves enables them to colonize in a wider range
of habitats (Tomlinson 1986).
The present research work has been designed to
determine phenotypic variations in macro and micromorphological leaf structural traits (length, width,
area, length: width ratio, and stomatal index) of
mangrove fern Acrostichum aureum L., commonly
known as golden leather fern, grown along the
gradients from sea to land that is both in mangrove
and non mangrove zones. The objective of the work
is to ascertain the key trait(s) for adaptation. Further,
the leaf structural attributes have been compared with
corresponding soil attributes to find out the
relationships between the variables offering scope for
ecological adaptations.
MATERIAL AND METHOD
A total of five study sites (Fig. 1a), both from
mangrove regions of Indian Sundarbans (Jharkhali,
Bhagabatpur) and non-mangrove regions (Garia,

E.M. Bypass of South 24 Parganas and Majherchar,
Kalyani, Nadia) have been chosen for collection. At
least 50 matured pinnae collected from A. aureum
plants (Fig. 1b) having almost same height (1.52.0m) representing same age of the plants were
assessed.
The attributes studied are pinna length (PL), maximal
pinna width (PW), length and width ratio (L:W),
pinna area (PA), and stomatal index (SI). For
studying the first four traits, the pinnae were placed
on graph paper and measurements were taken. For
stomatal analysis, the pinnae were subjected to
standard technique by using 10% potassium
hydroxide (KOH) to peel off the cuticle and the
preparations were observed under compound
microscope.
Microscopic
study
and
microphotographs were performed by Leitz Laborlux
S trinocular compound microscope with attached
Leica EC3 scientific camera. The count of stomatal
cell (S) and epidermal cell (E) were done from at
least ten microscopic fields. The SI is calculated by
using the formula [(S / (S +E)) *100] as suggested by
Salisbury (1927). Individual parameter was assessed
between and among the study sites by statistical tool,
ANOVA, considering P<0.05 level of significance.
To observe the ecological variations in study sites,
collected soil samples were analysed considering the
attributes of salinity (EC in mS/cm), pH, percentage
of carbon (%C), and organic matter (%OM).
RESULT AND DISCUSSION
The occurrence of A. aureum is rather not restricted
to mangrove ecosystem only as it can survive in nonsaline conditions of non-mangrove regions (present
study and Jayatissa et al. 2002; Medina et al. 1990;
Sun et al. 1999; Taylor 1986; Tomlinson 1986).
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Leaf attributes
The observed data show wide range of variations in
all the studied traits of pinnae (Table 1; Figs. 1b-1e).
Mean values of mature pinnae length range from
23.19 cm ± 0.94 to 13.8 cm ± 1.53. Maximum pinnae
length is noted from collection of Garia (23.20 cm ±
0.943) followed by Jharkhali (22.45 cm ± 2.14),
E.M. Bypass (20.30 cm ± 1.27), Bhagabatpur (19.51
cm ± 2.73), and Majherchar (13.80 cm ± 1.53).
Pinnae width is calculated highest (3.13 cm ± 0.30)
in lamina of plants of E.M. Bypass. The differential
variations in length and width ratio are also reflected
in observations. The ratio of L:W is measured utmost
in the pinnae of Garia (12.47 ± 1.94) followed by
other sites of collection. Interestingly, though the
pinnae of the region Garia possesses highest length
and L:W ratio, it shows lower laminal area. Lamina
area of pinnae collected from Majherchar (30.40 cm2
± 3.83) is more or less similar to that of Garia. Such
observation is important in term of photosynthetic
capacity. The most expanded laminal area is
observed in the plants of E. M. Bypass region (74.80
cm2± 7.33 cm). The anomocytic stomata (Fig. 1f)
recovered in the pinna of various study sites also
vary in calculation of stomatal index which is ranges
from 49.33 ± 0.18 to 24.01 ± 2.86 of which pinnae of
Jharkhali show highest value (49.33±0.18).
Statistical analysis of leaf attributes
Individual leaf trait assessed following one-way
ANOVA (Probability level 0.05) reveals significant
variations mostly between sites (Table 1). By
analysing the results through ANOVA test (Tables 2;
Fig. 1g), it reveals that the relationships of all the
macro- and micro- morphological leaf traits (pinna
length, width, length: width, area, stomatal index)
between and among the collection sites show higher
percentage (78.0%) of significantly variable traits
than non-significantly variable (22.0%) traits when
measured
collectively.
Individual
macromorphological trait i.e. pinna length, width, area,
length and width ratio are found to show 80.0%,

70.0%, 90.0%, 90.0% variations respectively; it is
60.0% in micro-morphological trait (stomatal index)
indicating more plasticity in macro-morphology than
micro-morphology.
Soil attributes
The soil samples collected from different studied
sites are found to vary considerably in various
attributes (Table 3). Among the soil attributes,
salinity differs markedly in the sites whereas soil pH
is less variable (7.46 to 8.58). The salinity ranges
from 6.58 mS/cm in Majherchar to 82.4 mS/cm in
Jharkhali which is well in conformity with the
geographical location of the sites (Figure 1a). The
salinity in remaining three areas i.e. Bhagabatpur,
Garia, and E.M. Bypass are 45.7, 30.1, and 14.4
mS/cm respectively also corroborate with the
successive remoteness from seaward to landward.
Such trend is not reflected while calculating the
organic matter and carbon content of soils in
collection sites. The percentage of OM (9.62%) and
C (5.58%) are measured highest in Garia and the
consecutive values are 3.72% and 2.16% in
Majherchar, 2.59% and 1.50% in E.M. Bypass,
1.76% and 1.02% in Jharkhali, and 1.50% and 0.87%
in Bhagabatpur. This result suggests that the nearness
or remoteness of a locality from sea is not related
with the organic matter and carbon content.
Comparison of leaf traits with soil attributes
The studied leaf traits indicate that the variations in
macro-morphological traits are not mangrove or non
mangrove zone specific (Table 1). By comparing the
observations of leaf traits with that of soil attribute it
can be suggested that the macro-morphological
variations observed in A. aureum are more dependent
on OM and C content than the soil salinity. However,
the studied micro-morphological trait that is stomatal
index is likely to be dependent on salinity as the
values of SI are directly proportional to the values of
salinity in the collection sites i.e. Majherchar<E.M.
Bypass<Garia<Bhagabatpur<Jharkhali.

Table 1. Mean value of studied leaf traits, value wise site ranges, and C.D. value analysed through (ANOVA) of
Acrostichum aureum L. collected from varying habitats
Leaf Traits
PL
(cm)
PW
(cm)
L: W

J
22.45±
2.14
2.52
±
0.47
8.91
±
1.78

PA
(cm2)

49.80±
10.90

SI

49.33±
0.18

Mean values in different collection sites
BH
G
E
19.51
20.30
23.19±
±
±
0.94
2.73
1.27
1.84
1.86
3.13
±
±
±
0.168
0.34
0.30
10.60
6.49
12.47±
±
±
1.94
1.50
0.30
31.80
74.80
29.20±
±
±
4.49
3.42
7.33
49.25
45.06
47.21±
±
±
0.48
0.34
3.13

M
13.80
±
1.53
1.80
±
0.31
7.67
±
1.17
30.40
±
3.83
24.01
±
2.86

Value wise site
ranges

C.D. value at
5% level

M<B<E<J<G

1.41

M<B<G<J<E

0.26

G<M<B<J<E

1.14

E<M<J<B<G

6.55

M<E<G<B<J

2.52
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Pinna Length [PL]; Pinna Width [PW]; L. Length/L. Width [L: W]; Pinna area [PA]; Stomatal Index [SI];
Jharkhali [J]; Bhagabatpur [BH]; Garia [G]; E. M. Bypass [E]; Majherchar [M]
Table 2. Total score and percentage of significantly variable traits (SVT) and non-significantly variable traits
(NSVT) as analysed through ANOVA result
Correlation between
sites

Scores of
SVT

Name of
SVT

Scores of
NSVT

Name of
NSVT

J/BH

4

PL, PW, L: W, PA

1

SI

J/G

3

PW, L: W, PA

2

PL, SI

J/E

5

PL, PW, L: W, PA,
SI

0

NA

J/M

5

PL, PW, L: W, PA,
SI

0

NA

BH/G

3

PL, L: W, PA

2

PW, SI

BH/E

4

PW, L: W, PA, SI

1

PL

BH/M

4

PL, L: W, PA, SI

1

PW

G /E

4

PL, PW, L: W, PA

1

SI

G/M

3

PL, L: W, SI

2

PW, PA

E/M

4

PL, PW, PA, SI

1

L: W

39 (78%)
Total Scores
&
percentage of
variations

PL
PW
PA
L: W
SI

11 (22%)

: 8 (80%)
: 7 (70%)
: 9 (90%)
: 9 (90%)
: 6 (60%)

PL
PW
PA
L: W
SI

: 2 (20%)
: 3 (30%)
: 1 (10%)
: 1 (10%)
: 4 (40%)

Pinna Length [PL]; Pinna Width [PW]; L. Length/L. Width [L: W]; Pinna area [PA]; Stomatal Index [SI];
Jharkhali [J]; Bhagabatpur [BH]; Garia [G]; E. M. Bypass [E]; Majherchar [M]
Table 3. Data of soil attributes collected from different study sites
Soil attributes
Collection Sites

Percentage

Percentage

Salinity

of C (%)

of OM (%)

(mS/cm)

Jharkhali

1.02

1.76

82.4

7.58

Bhagabatpur

0.87

1.50

45.7

8.58

Garia

5.58

9.62

30.1

7.58

E. M. Bypass

1.50

2.59

14.4

8.10

Majherchar

2.16

3.72

6.58

7.46

[C: Carbon; OM: Organic matter]

pH
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Figure Legends
Fig. 1 (a) Map of West Bengal showing study sites; (1b) golden leather mangrove fern Acrostichum aureum L.;
(1c) matured pinnae of the plant; (1d-e) graphical representation of variations in macro- and micromorphological leaf traits (d) traits: pinna length, width, area (e) traits: length & width ratio, stomatal index; (1g)
graphical representation of percentage of variations in studied leaf traits as analysed through ANOVA result

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 8 (6)

CONCLUSION
The golden leather fern Acrostichum aureum L.,
commonly grown in mangrove habitat faces a
succession of ecological challenges when they grow
and develop in non-mangrove habitats also. The
plant gets equipped with an adaptive plasticity in the
phenotypic expression as revealed through various
leaf traits which afford a kind of biological insurance
or flexibility to varying environments.
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Abstract: Field experiments were conducted at Anbil Dharmalingam Agricultural College and Research Institute,
Tiruchirappalli during rabi 2011-12 and 2012-13. The soil was sandy clay loam with pH of 8.82 and 8.96 during rabi 201112 and 2012-13, respectively. Medium duration rice cultivar TRY 1 was used during both the years. The experiments were
laid out in a strip plot design with three replications. The results revealed that direct planting system (DPS) recorded higher
weed control efficiency and productivity of rice and among weed management practices, hand weeding twice at 20 and 40
DAT/S registered higher weed control efficiency and productivity of rice and it was comparable with PE pyrazosulfuron
ethyl 30 g a.i. ha-1 at 3 DAT / 8 DAS + POE bispyribac sodium 20 g a.i. ha-1 at 15- 20 DAT / 20 DAS during both the years
of study.
Keywords: Rice, Weed control efficiency, Yield

ice is one of the most important food grains
produced and consumed more than half of the
world’s population which influences the livelihoods
of several billion. Rice crop suffers from various
biotic and abiotic production stresses. Severe
competition from weeds is one of the important
biotic
factors
deterring
productivity
and
sustainability. Weeds can cause a reduction of 28-45
% of grain yield in transplanted rice [7]. There are
many weed control methods are practiced for better
control of weeds in rice crop. For weed management,
herbicides look better option than other methods
because of their performance in controlling weeds
and decreasing weed competition with crop. In recent
years, chemical weed management is considered as
an effective weed control method by using low dose
high efficiency herbicides. Some of the promising
low dose high efficacy pre- and post-emergence
herbicides are available for control of wide spectrum
of weed flora in lowland rice [4]. In the present study,
work was carried out to study the effect of
establishment methods and weed management
practices on weed control efficiency, yield of rice
under sodic soils.

laid out in strip plot design with three replications.
Four crop establishment methods viz., manual line
transplanting, mechanical line transplanting, direct
planting system (DPS) and drum seeded rice and six
weed management practices viz., pre-emergence
pyrazosulfuron ethyl 30 g a.i. ha-1 at 3 DAT / 8 DAS
+ post-emergence almix 4 g a.i. ha-1 at 21-25 DAT /
20 DAS, pre-emergence pyrazosulfuron ethyl 30 g
a.i. ha-1 at 3 DAT / 8 DAS + post-emergence
bispyribac sodium 20 g a.i. ha-1 at 15- 20 DAT / 20
DAS, pre-emergence londax power 10.0 kg ha-1 at 03 DAT / 10-15 DAS + post-emergence almix 4 g a.i.
ha-1 at 21-25 DAT / 20 DAS, pre-emergence londax
power 10.0 kg ha-1 at 0-3 DAT / 10-15 DAS + postemergence bispyribac sodium 20 g a.i. ha-1 at 15-20
DAT / 20 DAS, two hand weeding at 20 and 40
DAT/S and un-weeded control were taken for the
experiments. Fertilizers were applied at the rate of
150: 50: 50 kg of N, P2O5 and K2O ha-1, respectively.
Data on weed dry weight showed high variation.
Hence the data were subjected to square root
transformation using the formula √X + 2 and
analysed statistically. From that weed control
efficiency was worked out during both the years.
Grain and straw were separated from net plot area,
sun dried, weighed and expressed in kg ha-1.

MATERIAL AND METHOD

RESULT

Field experiments were conducted during rabi 201112 and 2012-13 at Anbil Dharmalingam Agricultural
College and Research Institute, Tiruchirappalli. The
soil was sandy clay loam with pH of 8.82 and 8.96
during rabi 2011-12 and 2012-13, respectively.
Medium duration rice cultivar TRY 1 was used
during both the years. The field experiments were

Weed flora of the experimental fields
Weed flora of the experimental rice fields was
observed in un-weeded control plots at 60 DAT/S. In
general, weed density was higher during rabi 201213 than that in rabi 2011-12. Weed flora of the
experimental fields during both the years of study
were two species of grass weeds, one species of
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sedge weed and three species of broad leaved weeds.
Predominant weeds in rice fields were Echinochloa
colonum among grasses, Cyperus rotundus was only
sedge weed and Eclipta alba among broad leaved
weeds.
Effect of treatments on Weed control efficiency
Among crop establishment methods, direct planting
system recorded laudably higher weed control
efficiency of 76.67 and 78.23 per cent at 45 DAT/S

during rabi 2011-12 and 2012-13, respectively
(Table 1). With regard to weed management
practices, higher weed control efficiency was
recorded (81.40 and 80.91 per cent at 45 DAT/S
during rabi 2011-12 and 2012-13, respectively) in
two hand weeding at 20 and 40 DAT/S (Table 1).
Followed by PE pyrazosulfuron ethyl 30 g a.i. ha-1 at
3 DAT / 8 DAS + POE bispyribac sodium 20 g a.i.
ha-1 at 15- 20 DAT / 20 DAS recorded higher weed
control efficiency.

Table 1. Effect of crop establishment methods and weed management practices on weed control efficiency (per
cent) in rice at 45 DAT/S during rabi 2011-12 and 2012-13
Rabi
2011-12

Rabi
2012-13

73.81

74.36

76.03

74.68

M3 - Direct Planting System (DPS)

76.67

78.23

M4 - Drum seeded rice (Sprouted seeds)

72.32

74.38

72.62

73.52

75.51

78.48

70.83

68.52

73.17

75.64

81.40

80.91

-

-

Treatments
Establishment methods
M1 - Manual line transplanting
M2 - Mechanical line transplanting

Weed management practices
S1 - PE Pyrazosulfuron Ethyl 30 g a.i. ha-1 at 3 DAT / 8 DAS + POE Almix 4 g a.i.
ha-1 at 21-25 DAT / 20 DAS
S2 - PE Pyrazosulfuron Ethyl 30 g a.i. ha-1 at 3 DAT / 8 DAS + POE Bispyribac
Sodium 20 g a.i. ha-1 at 15- 20 DAT / 20 DAS
S3 - PE Londax power 10.0 Kg ha-1 at 0-3 DAT / 10-15 DAS + POE Almix 4 g a.i.
ha-1 at 21-25 DAT / 20 DAS
S4 - PE Londax power 10.0 Kg ha-1 at 0-3 DAT / 10-15 DAS + POE Bispyribac
sodium 20 g a.i. ha-1 at 15-20 DAT / 20 DAS
S5 - Two hand weeding at 20 and 40 DAT/S
S6 - Un-Weeded control

(Data statistically not analysed)
Effect of treatments on productivity of rice
Among crop establishment methods, direct planting
system recorded significantly higher grain yield of
5048 and 4639 kg ha-1 during rabi 2011-12 and
2012-13, respectively (Table 2). Distinctly lower
grain yield was obtained with drum seeded rice
(3756 and 3466 kg ha-1 during rabi 2011-12 and

2012-13, respectively). Regrading weed management
practices, hand weeding twice at 20 and 40 DAT/S
recorded significantly higher grain yield (Table 2)
Followed by PE Pyrazosulfuron Ethyl 30 g a.i. ha-1 at
3 DAT/8 DAS + POE Bispyribac Sodium 20 g a.i.
ha-1 at 15- 20 DAT/20 DAS registered higher grain
yield during both the years.

Table 2. Effect of crop establishment methods and weed management practices on grain yield (kg ha -1) of rice
during rabi 2011-12 and 2012-13
Rabi 2011-12

Treatments

Rabi 2012-13

M1

M2

M3

M4

Mean

M1

M2

M3

M4

Mean

S1

4157

4479

4926

3765

4332

4084

4240

4471

3398

4048

S2

4935

5061

5424

4295

4929

4634

4705

5107

4101

4637

S3

4078

4393

4715

3334

4130

3906

3987

4300

3167

3840

S4

4728

4776

5284

3817

4651

4350

4550

4786

3579

4316

S5

5268

5471

5759

4843

5335

5060

5194

5486

4508

5062
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S6

3345

3986

4179

Mean

4418

4694

5048

M

S

M at S

S.Ed.

101

176

176

C.D.(P=0.05)

246

392

399

2480

283

3018

3230

3756

4176

4318

4639

3466

S at M

M

S

M at S

S at M

223

85

162

132

188

497

207

360

300

420

3497

3685

2040

2993

M1
M2
M3
M4

–
–
–
–

Manual line transplanting
Mechanical line transplanting
Direct Planting System (DPS)
Drum seeded rice (Sprouted seeds)

S1

–

S2

–

S3

–

S4

–

S5
S6

–
–

PE Pyrazosulfuron Ethyl 30 g a.i. ha-1 at 3 DAT / 8 DAS + POE Almix 4 g a.i. ha-1 at 21-25 DAT /
20 DAS
PE Pyrazosulfuron Ethyl 30 g a.i. ha-1 at 3 DAT / 8 DAS + POE Bispyribac Sodium 20 g a.i. ha-1 at
15- 20 DAT / 20 DAS
PE Londax power 10.0 Kg ha-1 at 0-3 DAT / 10-15 DAS + POE Almix 4 g a.i. ha-1 at 21-25 DAT /
20 DAS
PE Londax power 10.0 Kg ha-1 at 0-3 DAT / 10-15 DAS + POE Bispyribac sodium 20 g a.i. ha-1 at
15-20 DAT / 20 DAS
Two hand weeding at 20 and 40 DAT/S
Un-Weeded control

DISCUSSION
Absence of rain in second year of study period (rabi
2012-13) leads to higher weed population than that in
rabi 2011-12. In this study, weed control efficiency
was higher in direct planting system. This results
showed that in direct planting system, besides
weeding treatment, rotary weeder was used to thin
the plant stand twice at early stages of crop growth
which was greatly reduced the weed density as well
as weed dry weight. Higher weed density and dry
weight in drum seeded rice is subjected to lower
weed control efficiency during both the years. This
might be due to the reason that in direct seeded rice
weed control is difficult to identify grassy weeds and
separate it from rice seedlings because of weeds and
crops grown simultaneously [5]. Among weed
management practices, hand weeding had higher
weed control efficiency this is because of the reason
that manual weeding was more efficient to identify
and destroy all group of weed at later stages of crop.
[1]
Hand weeding twice at 20 and 40 DAT resulted in
significantly lower weed density and dry weight as
compared to herbicide treatment and un-weeded
check.
In both the seasons, PE pyrazosulfuron ethyl at 3
DAT / 8 DAS + POE bispyribac sodium at 15 - 20
DAT / 20 DAS gave higher weed control efficiency
due to the reason that this herbicided combination
effectively contolled weeds at early and later stages
of crop accordingly it was recorded reduced weed
dry weight when compared to other treatments
during both the years of study. This rice herbicide
controlled sedge weeds and broad leaved weeds
effectively [6] and [3].
Significantly higher yield was registered in direct
planting system might be due to the reason that

which possessed single seedling maintained like
system of rice intensification due to rotary thinning
at early stages, wider spacing (25×25 cm) better soil
aeration due to rotary thinning and incorporation of
weeds as well as extra seedling in to soil serves
additional nutrient to crop. Grain yield is the product
of number of productive tillers m-2 and number of
filled grains per unit area [2]. Mechanical line
transplanting was also gave higher yield during both
the years. Lower rice yield was observed under drum
seeded rice was mainly because of the reason that
higher weed infestation leads to severe crop weed
competition at early stages of crop which resulted in
reduced yield.
Manual weeding gave better weed controlled
environment which provides higher rice yield. [8]
Hand weeding at 20 and 40 DAT recorded highest
plant height, dry matter production, tillers m-2,
nutrient uptake by crop and lowest nutrient uptake by
weeds throughout the crop growth period and
registered higher grain and straw yield. Followed by
sequential application of pre and post emergence
herbicides had better weed control due to which
decreases the crop weed competition and increases
the crop yield. Pyrazosulfuron-ethyl, a new
herbicide, was found effective for complex weed
flora in rice [3].
It is concluded that direct planting system recorded
higher weed control efficiency, and productivity of
rice during both the years of study. Among weed
management practice, hand weeding recorded higher
weed control efficiency and grain yield followed by
PE Pyrazosulfuron Ethyl 30 g a.i. ha-1 at 3 DAT / 8
DAS + POE Bispyribac Sodium 20 g a.i. ha-1 at 1520 DAT / 20 DAS during both the years. Hand
weeding is time consuming, expensive and tedious
though much effective. Under the present situation of
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unavailability of labourers and high wages, chemical
weed management emerged as effective, timely and
cost-effective weed control practice.
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Abstract : The Alaknanda River is one of the main rivers of Alaknanda sub- system which bubbles out from Alkapuri
Glacier. Water quality of the sacred river Alaknanda was evaluated by microbiological and physico- chemical methods. The
sampling was undertaken from various sites of lower stretches, including Rudraprayag (530 m a.s.l.), Srinagar (560 m a.s.l.)
and Deoprayag upstream (457 m a.s.l.) on the river Alaknanda. A perusal of the data revealed that total viable count
(CFU.ml-1) was recorded minimum (25,850 CFU.ml-1) in winter season and then it increased during summer (45,730
CFU.ml-1) and attained peak (56,110 CFU.ml-1) during monsoon season, when the maximum degradation in the water
quality was observed. Due to the onset of autumn and winter seasons, the quality of water improved substantially and the
density of the bacteria decreased (32,120 CFU.ml-1) significantly during autumn from the monsoon season. It is revealed that
the myriad of physico- chemical environmental variables and nutrient load from various sources in the habitat environment
are responsible for density and diversity in the sacred river Alaknanda.
Keywords: Microbiological assessment, physico-chemical assessment, Alaknanda River, Water quality

INTRODUCTION
Study area
he Alaknanda River is one of the main rivers of
Alaknanda sub- system which bubbles out from
Alkapuri Glacier. A number of small snow-fed
streams join the river near Badrinath (3,110 m a.s.l.).
Alaknanda in course of its flow meets Dhauli- Ganga
at Vishnuprayag (1,460 m a.s.l.) and flows southwest
of Chamoli, later joined by the Rudra, Garur, Patel
and Birahi Ganga, then in a southerly direction to
Nandprayag, where the Nandakini coming from east
joins it. It changes its course of flow to the southwest
of Karnaprayag, where the Pindar joins it on the left
bank at latitude 30019’56” and longitude 79015’29”
at an elevation of 2,300 m a.s.l., and thence due west
to Rudraprayag, where it receives the Mandakini
from the north on the right bank at latitude 30 017’10’
and longitude 7901’32’ at an elevation of 1,912 m
a.s.l. Further, it changes its course of flow southwest and through Srinagar to Deoprayag, where it is
joined by the Bhagirathi and finally named as the
river Ganga afterwards. Different important sampling
stations identified on the bank of Alaknanda river
system at its lower altitudinal stretches were
Rudraprayag (530 m a.s.l.), Srinagar (560 m a.s.l.)
and Deoprayag upstream (457 m a.s.l.).

T

MATERIAL AND METHOD
Sample collection
The sampling was undertaken from various sites of
lower stretches, including Rudraprayag (530 m
a.s.l.), Srinagar (560 m a.s.l.) and Deoprayag
upstream (457 m a.s.l.) on the river Alaknanda.

Water samples from the sites were collected by
dipping the autoclaved sample bottles and closing the
cap under water to prevent atmospheric exposure.
Collections of samples were taken from all the sites
during the period from October 2005 to September
2007 for the microbiological assessment of the water
quality of the river Alaknanda.
Physical and chemical data
The sampling was undertaken from various sites
including Rudraprayag (530 m a.s.l.), Srinagar (560
m a.s.l.) and Deoprayag upstream (457 m a.s.l.) on
the river Alaknanda. Water samples from these sites
were collected by dipping the autoclaved sample
bottles and closing the cap under water to prevent
atmospheric exposure.
Collections of samples were taken from all the sites
during the period from October 2005 to September
2007 for the microbiological and physico- chemical
evaluation of the water quality of the river
Alaknanda. Physico- chemical and microbiological
characteristics of these sites were analyzed following
the standard methods outlined in Welch (1952),
Golterman et al. (1978), Wetzel and Likens (1991)
and APHA (1998).
Media and Growth Conditions
Microbial- isolation
SPC agar media (HiMEDIA) was used for the
estimation of the numbers of colony forming units
(CFUs) of bacteria. Media pH for bacterial isolation
was set according to the pH of sampling sites. Media
were autoclaved at 1210C and 15pound/inch2
pressure for 20 minutes. Pure cultures were obtained
by repetitive streaking of differentiated bacteria
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colonies on agar media plate. Gram staining was
performed for confirmation of purity of the culture.
RESULT
Physico- chemical data
The physical parameters (water temperature,
turbidity, transparency, and total dissolved solids)
and the chemical parameters (hydrogen ion
concentration and dissolved oxygen) of the water of
the river Alaknanda from all sampling sites were
recorded (Table 1).
The water temperature in the lower altitude zone of
the river Alaknanda fluctuated from a minimum
11.63±1.32 0C (during winters) to a maximum of
18.50±0.80 0C (during monsoon season). The water
was almost clear (17.80±16.27 NTU - 24.39±10.69
NTU) during autumn and winter seasons in the lower
altitude zone of the river Alaknanda. However,
maximum turbid (176.80±196.86 NTU) water was
recorded during monsoon season due to mixing of
heavy silt, sand and clay due to heavy precipitation
in the catchment areas of the river. The transparency
at the high altitude zone of the river Alaknanda was
found to be minimum (0.00±0.01 m) during monsoon
season and maximum (0.62±0.27 m) during winter
season during the entire period of study. The total
dissolved solids (TDS) were found to be maximum
(150.05±18.93 mg l-1) during monsoon season and
minimum (67.07±5.40 mg l-1) in winter season.
However, the hydrogen ion concentration (pH)
ranged from 7.45±0.21 to 7.85±0.39 during the entire
period of study, which shows the slightly alkaline
nature of the river Alaknanda. The dissolved oxygen
recorded from the high altitude zone of the river
Alaknanda revealed that it was maximum
(12.62±0.63 mg l-1) in winter and minimum
(9.25±0.29 mg l-1) in monsoon season.
Microbial data
A perusal of data on the density and diversity of
microbes at all the sites of river Alaknanda revealed
that it increased from high to lower altitude. Mean
seasonal variations in colony forming units (CFU.ml1
) of bacterial density recorded lower altitudinal
stretches of the river Alaknanda have been presented
in Figure 2. A perusal of the data revealed that it was
recorded minimum (25,850 CFU.ml-1) in winter
season and then it increased during summer (45,730
CFU.ml-1) and attained peak (56,110 CFU.ml-1)
during monsoon season, when the maximum
degradation in the water quality was observed. Due
to the onset of autumn and winter seasons, the
quality of water improved substantially and the
density of the bacteria decreased (32,120 CFU.ml-1)
significantly during autumn from the monsoon
season.

Statistical Treatment of Data
Regression analyses were made between the colony
forming units (CFUs.ml-1) of bacteria and physicochemical environmental parameters (Fig. 3).
A significant correlation of colony forming units
(CFUs.ml-1) of bacteria were found positive with the
water temperature, Turbidity, Total dissolved solids
(TDS), and Total Hydrogen ion concentration.
However, a significant correlation of colony forming
units (CFUs.ml-1) of bacteria was found negative
with the Transparency and Dissolved oxygen.
DISCUSSION
Heterotrophic bacteria contribute to the cycles of
nutrients and carbon in two major ways - by the
production of new bacterial biomass (secondary
production) and by the remineralization of organic
carbon and nutrients. Seasonal variations in physicochemical environmental variables have played an
important role in distribution, periodicity and
diversity of microbes. Mokbel & Yamkanamardi
(2008) concluded on the basis of statistical treatment
of data on temporal variations in the abundance of
microbes that several physico- chemical parameters
(temperature, pH, TDS, alkalinity etc.) were
potentially responsible for temporal variations in
heterotrophic bacterial abundance.
The water temperature varies with that of the
atmospheric temperature in aquatic ecosystem. The
temperature was recorded highest during monsoon
season and lowest during winter season. At all the
sampling sites of Alaknanda, the seasonal mean of
bacterial standard plate count (CFU.ml -1) was found
to be minimum (25,850 CFU.ml-1) during winter
season and maximum (56,110 CFU.ml-1) during
monsoon season with a moderate (45,730 CFU.ml-1)
during summer season. Then, the density declined
(32,120 CFU.ml-1) in autumn season due to improve
in the quality of water (Fig. 2).
The present study on the microbial assessment in the
Alaknanda River also confirmed the observations
made by other workers that the colony forming
increased substantially during high temperature,
heavy discharge, rain fall and flooding during
monsoon season. Major factors affecting the
microbiological quality of surface water are
discharge of sewage and run- off. McDowell (1984),
Zamxaka et al. (2004) found relationship between
CFUs and discharge and flooding. Increased bacterial
abundance at elevated discharge may be attributed
input of allochthonous cells or stimulation of bacteria
by nutrients and carbon inputs. It is likely that soil,
leaf, litter and other substrates in the catchments are
sources of bacteria found in stream waters.
Wainwright et al. (1992) demonstrated that flood
plain soil and stream sediments were a significant
source of bacteria suspended in a Georgia River. The
present study on the high stretches of river
Alaknanda also confirmed the observations made by
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other workers that the colony forming units increased
substantially during high temperature, heavy
discharge, rain fall and flooding during monsoon
season.
Turbidity was found to be minimum during autumn
and winter seasons and maximum in monsoon season
at all the sampling sites of the river Alaknanda.
However, turbidity can interfere with disinfection
and provide a medium for microbial growth. High
turbidity can provide food and shelter for pathogens.
However, a positive correlation was found between
turbidity and total bacterial colony forming units in
the river Alaknanda.
Transparency was found to be low in autumn and
winter seasons at all sampling sites of river. Low
visibility prevailed for a brief period during the
summer and monsoon seasons. The reduced
transparency may be due to silt carried by monsoon
rains and snow melting in the higher reaches. The
increased transparency in autumn and winter seasons
may be due to the absence of the rains and thus runoff as well as gradual settling of suspended particles.
However, a negative correlation was found between
transparency and total bacterial colony forming units
at all the sites of the rivers of Garhwal Himalaya.
Total dissolved solids (TDS) denote mainly the
various kinds of minerals present in water. That may
be composed mainly of carbomates, bicarbonates,
chlorides, sulphates, phosphates and nitrates of
Calcium, Magnesium, Sodium and Potassium. TDS
was found to be minimum in winter season and
maximum during monsoon season at all sampling
sites of the river Alaknanda River. The increasing
pattern in monsoon season may be due to addition of
inorganic salts and organic matter carried along with
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rain water and surface run- off during monsoon
season.
pH is the measure of the intensity of acidity or
alkalinity and measures the concentration of
hydrogen ion concentration in water. The distribution
of hydrogen ion concentration (pH) was found to be
moderate and remain slightly alkaline throughout the
year at all the sampling sites of the river Alaknanda.
However, a negative correlation was found between
pH and colony forming units of bacteria. Organic
matter contents of water and sample showed its
highest values in winter months, where pH values did
not perform any regular seasonal variations.
Dissolved oxygen (DO) is one of the most important
chemical parameters, which reflects the physical and
biological processes prevailing in the waters. It was
recorded maximum during winter season and
minimum during summer and monsoon seasons.
However, a negative correlation was found between
DO and colony forming units of bacteria.
Keeping in view, the above discussion, it is
concluded that the myriad of physico- chemical
environmental variables and nutrient load from
various sources in the habitat environment are
responsible for density and diversity in the sacred
river Alaknanda. The settlement of people nearby the
river stretches, open defecation, several Hindu
rituals, traditions and beliefs and several
anthropogenic activities might have contributed to
this. Therefore, remedial measures in terms of
control of discharge of untreated sewage, ban on
dumping of solid waste in to the river and regulation
of excess human interference are urgently required
for improving the water quality of sacred river
Alaknanda.

Table 1. Mean ( X ±SD) seasonal variations in physico-chemical environmental variables at low altitudinal
(457- 530 m a.s.l.) stretches of Alaknanda River
Autumn (OctWinter
Summer
Monsoon
Parameters
Nov)
(Dec-March)
(April-Jun)
(Jul-Sep)
Water Temperature (0C)

15.00±1.42

11.63±1.32

17.80±1.87

18.50±0.80

Turbidity (NTU)

17.80±16.27

24.39±10.69

84.50±96.35

176.80±196.86

Transparency (m)

0.45±0.26

0.62±0.27

0.17±0.11

0.00±0.01

72.00±3.40

67.07±5.40

86.00±2.83

150.05±18.93

7.70±0.04

7.45±0.21

7.65±0.08

7.85±0.39

8.55±0.92

12.62±0.63

9.62±0.30

9.25±0.29

-1

TDS (mg l )
pH
-1

Dissolved Oxygen (mg l )
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Fig. 2. Mean ( X ±SD) seasonal variations in colony forming units (CFU.ml-1) of bacteria in lower altitude zones
of the river Alaknanda
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70000
60000
50000
40000 32120
30000
20000
10000
0
Autumn

56110
45730
25850

Winter

Summer

Monsoon

Fig. 3. Regression line plotted against the colony forming units (CFU.ml-1) of bacteria and physico- chemical
environmental variables of the lower altitude zones of the Alaknanda River
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Abstract: Rice root-knot nematode (Meloidogyne graminicola) is an emerging problem to rice cultivation in various rice
growing areas. Rice root knot nematode has reported to cause upto 50% loss in grain yield and in severe cases it may go upto
64 per cent. An experiment was conducted to study the efficacy of bio-agents against Meloidogyne graminicola on rice
variety PB-1121. It was observed that, all Trichoderma isolates at 20 and 30 gm/kg soil significantly increased the shoot
length of rice plants. Trichoderma isolates were reduced the infestation of root knot nematode in rice. At 40 days after seed
sowing, minimum 1.61 galls/ plant were recorded in Trichoderma isolate-V @ 30 gm/kg soil. In case of Trichoderma
isolate-III @ 30 gm/kg soil, average 3.00 galls/ plant were recorded as compare to carbofuran @ 3gm/kg (4.61) and control
(25.17). In vitro, at 72 hours after inoculation, maximum 96.68% larval mortality was recorded in Pseudomonas fluorescens
suspension. In Trichoderma isolate-IV, 74.18% larval mortality was recorded as compare to carbofuran (95.00%).
Keywords: Rice crop, Rice root knot nematode, Meloidogyne graminicola, Management

INTRODUCTION

R

ice is an important cereal crop and growing all
over the world. Rice grows in India is primarily
divided into Basmati rice and non-Basmati rice. India
and Pakistan is the major producer and suppliers of
basmati rice to the world consumers. Many biotic
and abiotics stresses are responsible of low
production of rice. In biotics stresses, many fungi,
bacterial, virus and nematode are responsible to
cause serious diseases in rice. Root knot nematodes,
Meloidogyne graminicola is an important pests
attacking rice in all rice growing countries. Rice root
knot nematode causes significant yield losses of rice
production in upland and rainfed lowland (Jairajpuri
and Baqri, 1992 and Soriano et al., 2000). The use of
rice seedlings from non-treated nursery beds has
result heavy yield loss of rice grain of 38% in
comparison to 29% when rice seedlings from treated
nursery beds were used (Gaur, 2003). Crop losses to
the extended up to 60-100% has been reported by
Dabur and Jain, (2005). Nationally rice root knot
nematode, M. graminicola is reported to cause upto
50% loss in grain yield (Rao and Biswas, 1973).
Losses in grain yield were also estimated to range
from 16-32 % due to this nematode (Rao and Biswas,
1973). Carbofuran has been recommended to control
nematodes in various crops (Vyas and Patel, 2001).
Using of this chemical pollutes to environment and
cause hazard in animal and human being. So public
want some alternative control measures which safe in
formulation and don’t pollute to the environment.
*Corresponding Author

Other than chemical agents, various bio-agents fungi
and bacteria are using in integrated pest management
(Holland et al., 1999; Meyer et al., 2004) to control
plant parasitic nematodes. Among the antagonistic
fungi, Trichoderma species have been used as
biocontrol agents against nematodes. Soil treatment
by T. harzianum and T. koningii resulted in a
reduction in egg production of M. arenaria (Rao et
al., 1998; Sharon et al., 2001). Therefore, an
experiment was conducted to study the comparative
effect of bio-agents and carbofuran against rice root
knot nematode.
MATERIAL AND METHOD
The experiment was conducted in earthen pots in
year 2014 and 2015. Earthen pots were filled by
previous year maintained nematode sick soil. The
presence of nematodes in sick soil was observed
before fill the sick soil in pots.
For test the efficacy of Trichodrema isolates and
Pseudomonas fluorescens against rice root knot
nematode, five Trichoderma isolates and one
Pseudomonas fluorescens isolate were obtained from
the Nematology Laboratory, Department of Plant
Pathology, S.V.P. University of Agriculture &
Technology, Meerut, (U.P.). Before the used of bioagents (Trichoderma isolates and Pseudomonas
fluorescens), collected isolates were grown on
different substrates. Wheat grains were used for mass
culture of Trichoderma isolates. Wheat grains were
soaked in water for 12 hours and then spread on
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paper to remove the extra water. Dextrose was added
in wheat seeds @ 20 gm/kg seed and then 250 gm of
wheat grain were taken in each 500 ml conical flasks.
Flasks with wheat grains were plugged with
nonabsorbent cotton and wrapped with aluminium
foil and then sterilized in autoclave at 1210C
temperature at 15 lbs pressure/inch2 for 15 minutes.
The sterilized wheat grains were inoculated with 5
mm diameter PDA discs punched from the periphery
of actively growing 5 days old culture of
Trichoderma isolates. All inoculated conical flasks
were incubated in a BOD incubator at 26±2 °C
temperature. Trichoderma isolates were allowed to
grow with periodic shaking of the flasks, so that the
surface of all wheat seeds colonized with growth of
Trichoderma properly. For preparation of mass
culture of Pseudomonas fluorescens, one liter
capacity conical flasks containing 500 ml King’s ‘B’
(Broth) were autoclaved at 1210C temperature at 15
lbs pressure/inch2 for 15 minutes. After cooling of
the medium, each flask was inoculated with 1.0 ml of
P. fluorescens culture. The flasks were kept at 26±2
°C temperature in the BOD incubator for 5 days and
were shaken twice a day.
All Trichoderma isolates were used @ 10, 20 and 30
gm/kg soil and Pseudomonas fluorescens was used
@ 10 ml/kg soil. One chemical (carbofuran) was also
used @ 3 gm/kg soil as check the comparative effect
of treatments. Three replications were maintained of
each treatment. After two days of mixing of each
bio-agent and chemical in pot soil, ten seeds of rice
(PB-1121) were sown in each pot. At the time of
observation, rice plants were carefully uprooted by
lifting the roots and washed free of soil particles
under slow running water. Observations were
recorded on the growth of plants with respect to
shoot height (cm), fresh shoot weight (g), dry shoot
weight (g), root length (cm), fresh root weight (g),
dry root weight (g) and development of galls per
plant at 40 days after seed sowing.
In vitro effect of filtrate of bio-agents was tested
against J2 of M. graminicola. For obtaining the
filtrate of bio-agents, Trichoderma isolates were first
cultured on Potato dextrose broth medium and
Pseudomonas fluorescens was on King ‘B’ broth
medium. 5 mm bits of PDA with Trichoderma
mycelia and 1 ml suspension of Pseudomonas
fluorescens were added to flasks containing 200 ml
of Potato dextrose broth (PDB) and King ‘B’ broth
medium respectively. The flasks were shaken
regularly. After one week, culture was filtrate
through What man filter paper No.1. The suspension
was then centrifuged at 5000 rpm for 20 min at 20°C
to remove small sections and spores. Sterile water
was used as the absolute control. For each treatment,
40 J2 of M. graminicola were added in Petri plates
containing filtrate solution and sterile water.
Mortality of the J2 of M. graminicola was recorded at
24, 48 and 72 hours after inoculation.

RESULT AND DISCUSSION
Effect of bio-agents on galls/plant
Data present in Table-1 are the mean of both years
2014 and 2015. Data of galls/plant indicates that,
minimum galls (1.61 gm) were recorded in
Trichoderma isolate-V @ 30 gm/kg soil which was
differed significantly than other treatments. In case
of Trichoderma isolate-III average 3.00 galls/ plant
were recorded which was statistically at par with
Trichoderma isolate-II (3.06) and Trichoderma
isolate-I (3.50) when applied as 30 gm/kg soil.
Average 4.61 galls/ plant were recorded in
carbofuran @ 3gm/kg which was at par of
Trichoderma isolate-I @ 10 gm/kg soil (5.62) and
Trichoderma isolate-I @ 20 gm/kg soil (5.89). In
Trichoderma isolate-V average 6.22 galls/ plant were
recorded followed by Trichoderma isolate-IV (6.28)
when applied as 20 gm/kg soil and Trichoderma
isolate-V @ 10 gm/kg soil (6.34). In case of
Pseudomonas fluorescens @ 10 ml/kg soil average
8.00 galls/ plant was recorded. All Trichoderma
isolates, Pseudomonas fluorescens and carbofuran
were statistically significant as compared to control
(25.17).
Effect of bio-agents on plant growth parameters:
Data present in Table-1 indicates that shoot and root
length of rice plant were increased in pots which
were inoculated with bio-agents compare to control
in both years 2014 and 2015. Maximum 53.53 cm
shoot length was recorded in Trichoderma isolate-IV
@ 30 gm/kg soil which was statistically significant
than the other treatments. Shoot length in
Trichoderma isolate-V was recorded with 50.97 cm
which was at par of Trichoderma isolate-III (49.84
cm) and Trichoderma isolate-II (49.69 cm) when
applied as 30 gm/kg soil. In case of Pseudomonas
fluorescens @ 10 ml/kg soil, average 33.62 cm shoot
length was observed. Whereas, average 34.47 cm
shoot length was observed in carbofuran @ 3gm/kg
soil as compare to control (33.14 cm). It was
observed that, fresh and dry shoot weight of rice
plants was increasing as similar to length of rice
plant. Maximum fresh and dry shoot weight (10.58
gm and 4.18 gm) was recorded in Trichoderma
isolate-IV @ 30 gm/kg soil respectively. Fresh and
dry shoot weight in all isolates of Trichoderma @ 30
gm/kg soil was differed significantly than compare to
control. In case of Pseudomonas fluorescens @ 10
gm/kg soil, average 5.48 gm and 1.97 gm fresh and
dry shoot weight was recorded respectively.
Data of root length indicates that , maximum 14.84
cm root length was recorded in Trichoderma isolateV which was statistically at par with Trichoderma
isolate-III (14.42 cm) and Trichoderma isolate-II
(14.12 cm) when applied as 30 gm/kg soil but
statistically significant than other treatments. In case
of Trichoderma isolate-IV @ 30 gm/kg soil average
13.75 cm root length was observed followed by
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Trichoderma isolate-V (12.81 cm), Trichoderma
isolate-IV (12.50 cm) and Trichoderma isolate-II
(12.14 cm) when applied as 20 gm/kg soil. In case of
Pseudomonas fluorescens @ 10 ml/kg soil, average
9.15 cm root length was observed. Whereas, average
10.44 cm root length was observed in carbofuran @
3gm/kg as compare of control (8.78 cm). At 40 days
after seed sowing, maximum fresh and dry root
weight (7.40 gm and 2.18 gm) was recorded in
Trichoderma isolate-V @ 30 gm/kg soil respectively.
Average 4.66 gm and 1.18 gm fresh and dry roots
weight Pseudomonas fluorescens @ 10 ml/kg soil
was recorded with respectively. Whereas, average
5.37 gm and 1.49 gm fresh and dry root weight was
observed in carbofuran @ 3gm/kg as compare to
control (4.05 gm and 1.22 gm) respectively.
Effect of Trichoderma isolates on J2 of M.
graminicola
Data of Table-2 indicates that at 24 hours after
inoculation, maximum 80.83% larval mortality was
recorded in Pseudomonas fluorescens suspension as
compare to carbofuran in which 64.18% larval
mortality was recorded. In Trichoderma isolates,
maximum 45.83% larval mortality was recorded in
Trichoderma isolate-IV followed by Trichoderma
isolate-III (33.33%). In comparison of all treatments,
control was recorded with 1.68% larval mortality. At
48 hours after inoculation, maximum 89.18% larval
mortality was recorded in Pseudomonas fluorescens
suspension. In case of carbofuran, 75.00% larval
mortality was recorded. Among the Trichoderma
isolates, maximum 70.00% larval mortality was
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recorded in Trichoderma isolate-IV followed by
Trichoderma isolate-V (47.50%) and Trichoderma
isolate-III (44.18%). At 72 hours after inoculation,
maximum 96.68% larval mortality was recorded in
Pseudomonas fluorescens suspension as compare to
carbofuran (95.00%). Among Trichoderma isolates,
maximum 74.18% larval mortality was recorded in
Trichoderma isolate-IV followed by Trichoderma
isolate-V and Trichoderma isolate-III in which
58.33% larval mortality was recorded as compare to
control (4.18%).
The results of this study indicate that Trichoderma
isolates significantly increased the shoot and root of
rice plants. Trichoderma isolates were also reduced
the infestation of root knot nematode. Trichoderma
spp. have the significant effect on growth parameters
and reduce the infestation of root knot nematode has
been reported by many researchers in previous years.
Altmare et al. (1999) have reported that incooperation of Trichoderma increase phosphate
solubility and the availability of micro nutrients in
the soil and it could promote growth of the plants.
Sharon et al. (2001) reported that T. harzianum
reduced galling of root-knot nematode, M. javanica
on tomato plants. Dababat and Sikora (2007) used
two species of Trichoderma (T. viride and T.
harzianum) and found a significant reduction in
tomato root galling infested with M. incognita.
Similar result of reduction in infestation of nematode
has reporded by Pandey et al. (2003) who used
different treatments of Trichoderma viride against M.
incognita in chickpea, in which all treatments of T.
viride decreased galling.

Table 1. Effect of different bio-agents on plant growth parameters at 40 days after seed sowing
Treatment

Treatment

Doses
(gm/kg)

Mean
shoot
length
(cm)

T1

Pseudomonas fluorescens

10

33.62

Mean
fresh
shoot
weight
(gm)
5.48

Mean
dry
shoot
weight
(gm)
1.97

9.15

Mean
fresh
root
weight
(gm)
4.66

T2

Trichoderma isolate-I

10

35.09

5.47

1.98

8.78

4.71

1.29

5.62

T3

Trichoderma isolate-I

20

42.50

6.45

2.31

10.30

5.13

1.36

5.89

T4

Trichoderma isolate-I

30

48.75

9.01

3.30

12.97

6.51

1.63

3.50

T5

Trichoderma isolate-II

10

36.14

6.03

2.28

10.53

5.08

1.37

6.89

T6

Trichoderma isolate-II

20

41.36

8.21

3.15

12.14

5.41

1.49

5.78

T7

Trichoderma isolate-II

30

49.69

9.64

4.02

14.12

6.99

1.81

3.06

T8

Trichoderma isolate-III

10

35.42

5.97

1.92

10.22

5.06

1.59

9.78

T9

Trichoderma isolate-III

20

44.28

8.77

3.34

10.95

5.82

1.76

7.28

T10

Trichoderma isolate-III

30

49.84

9.73

3.96

14.42

7.14

1.94

3.00

T11

Trichoderma isolate-IV

10

38.34

7.12

2.83

9.66

5.07

1.32

7.50

T12

Trichoderma isolate-IV

20

43.56

7.98

2.72

12.50

6.09

1.57

6.28

T13

Trichoderma isolate-IV

30

53.53

10.58

4.18

13.75

7.26

2.08

6.56

T14

Trichoderma isolate-V

10

39.06

7.57

2.77

11.53

5.48

1.18

6.34

T15

Trichoderma isolate-V

20

43.23

8.96

3.21

12.81

6.28

1.69

6.22

T16

Trichoderma isolate-V

30

50.97

10.10

4.13

14.84

7.40

2.18

1.61

T17

Carbofuran

3gm/kg

34.47

5.53

1.91

10.44

5.37

1.49

4.61

Mean
root
length
(cm)

Mean
dry
root
weight
(gm)
1.18

Average
galls/plant
8.00
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T18

Control

33.14

4.99

1.98

8.78

4.05

1.22

25.17

C.D. at 5%

1.94

0.06

0.07

1.23

0.07

0.05

1.41

Table 2. Effect of filtrate of Trichoderma strains and Pseudomonas fluorescens on larval mortality of M.
graminicola
Treatment

Treatment

Dead J2
after 24
hours

Per cent
mortality

Dead J2
after 48
hours

Per cent
mortality

Dead J2
after 72
hours

Per cent
mortality

T1

Trichoderma isolat-I

3.67

9.18

11.33

28.33

18.33

45.83

T2

Trichoderma isolate-II

4.33

10.83

13.67

34.18

21.00

52.50

T3

Trichoderma isolate-III

13.33

33.33

17.67

44.18

23.33

58.33

T4

Trichoderma isolate-IV

18.33

45.83

28.00

70.00

29.67

74.18

T5

Trichoderma isolate-V

10.67

26.68

19.00

47.50

23.33

58.33

T6

Pseudomonas fluorescens

32.33

80.83

35.67

89.18

38.67

96.68

T7

Carbofuran

25.67

64.18

30.00

75.00

38.00

95.00

T8

Control

0.67

1.68

1.33

3.33

1.67

4.18

C.D. at 5% level

3.78
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A STUDY OF EFFECT ON DIFFERENT MEDIA PATHOLOGICAL STUDIES ON
ANTHRACNOSE OF CHILLI (CAPSICUM ANNUM L.)
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Abstract: Anthracnose caused by Colletotrichum capsici is a common and sever disease of Chilli (Capsicum annum L.)
keeping in view seriousness and importance of the disease, a chemical control trial was conducted at Student Research
Farm,Pilikothi ,Jaunpur. A highly susceptible variety (local variety) was sown in 3 x 2m plots in Randomized Blok Design
with three replications. Six fungicides, viz., Bavistin (0.10%), Vitavax (0.10%), Topsin-M (0.15%), Blitox-50(0.20%),
IndofilM-45(0.20%) and Sulphur (0.20%) were sprayed. All the treatment was significantly superior over control. Bavistin
was best for the control of the disease followed by Vitavax and Topsin-M which were significantly at per with other. The
remaining fungicides were also significantly superior in decreasing disease incidence and increasing the yield in comparison
to control.
Keywords: Capsicum annum, Chilli, Pathological studies

INTRODUCTION

C

hilli is one of the most valuable crops in India.
Chilli is also known as hot pepper, is a major
vegetable and spice crop. Its forms a part of the
Indian diet and fruits are used either dry are green.
Chillies are the green or dried ripe fruits of pungent
forms of Capsicum annum L. and
sometimes
Capsicum frutescens. It forms an indispensable
adjunct in every house in tropical world. It is
specially liked for its pungency, spicy teste, beside
the appearing colour its adds to the food. In India,
Piper nigrum was commonly use in its place before
the introduction of this valuable condiment. Spanish
paprika’s lack in pungency, while Hungarian
paprika’s have long pointed fruits and are more
pungent. African chillies too are very pungent but
the paprikas of Japan are the less pungent forms.
Chilli is actually reported to be native to South
America and its cultivation was known the natives of
Peru since 1000 year old. On account of lack of
references on Capsicum in ancient languages, it is
generally viewed that no Capsicum is indigenous to
the world (De candolle, 1886.) The chilli is member
of Solanaceae. Both the ripe and green chilli are
important constituent, used to inpart pungency,
flavour and color to foods. Chillies are rich in
vitamins especially in vitamin A, C and the seed
contains larches of starch . The pungency in chillies
is due to an alkaloid, capsaicin, which has good
export possibility.
METHOD AND MATERIAL
A regular and constant observation of chilli crop
grown at student’s farm of Tilak Dhari post graduate
College, Jaunpur and its farmer’s fields in the
vicinity of Jaunpur, were made during Kharif season
of 2001. The leaves from the affected plants of

different
age
showing
the
characteristics
Colletotrichum leaf spots were brought to the
laboratory in polyethylene bag for critical
examination and presence of the pathogen
responsible for symptoms production. The careful
examination was made by testing the diseased initial
and observing of the fungal structures under the
microscope some better specimens were selected,
dried, pressed well in plant press and put into
herbarium sheets and some wet preservation were
also made in Formalin acetic alcohol (F.A.A.)
solution for further references. The affected parts of
the plant sowing the initial stage of the disease were
used for isolation. The infected portions were first
thoroughly washed in tap water. The disease part
containing some healthy green portions were cut into
small pieces by sterilized scalpel and washed in 3 to
4 changes of sterilized water. Their surface was
sterilized by dipping them into 0.1% Mercuric
chloride solution made in water, for 20-30 seconds
and were thoroughly washed, thereafter in sterilized
water to remove the traces of Mercuric chloride. The
excess moisture removed by putting their pieces in
between the folds of sterilized blotting papers.The
pieces sterilized as above were transferred into
petridishes containing 2% Potato Dextrose Agar
medium. 4 – 5 pieces were placed at on equal
distance with the help of sterilized forceps in poured
petridishes. This was done aseptically in inoculated
chamber to avoid the contamination. The petridishes
used for isolations, were already sterilized in hot air
oven at 160 oC for 3 hours and poured with 2%
Potato Dextrose Agar medium which was also
sterilized in an autoclave at 1.1 Kg. pressures per cm2
for 20 minutes. The inoculated petridishes were than
incubated at room temperature (25oC – 28oC) for the
growth of fungus. After about 24 to 36 hours of
incubation the mycelia growth appeared around the
pieces placed in the petridishes.
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Experimental Finding
The Present investigations were carried out on the
management of anthracnose of chilli [Capsicum
annum (L.) Syd.] Caused by Colletotrichum
capsici(syd.) Butler and Bisby. In the recent past, the
disease has been observed to occur in sever from
under natural conditions. Therefore, the detailed
studies on symptomatology, isolation and
purification of the pathogen and its pathogenecity,
host
range
morphological
characters
and
identification of the causative fungus, cultural and
physiological studies of the pathogen, spore
germination , evaluation of fungicides for the control
of disease.
Symptom The disease appears during the rainy
season when the atmospheric temperature and
humidity are very high. The disease manifests itself
mainly on the leaf but under sever conditions the
lesion also appears on leaflets, leafsheath, fruits,
fruitstalk and stem. In the beginning the disease
initiates with minute spot on the both surface of the
leaf but more on the upper surface which elliptical to
long spot to size and turn light brown to dark brown
in color. The spot mostly circular and sunken with
black margin or brown margins are either scattered
over the leaflets or concentrated near the midrib
region. In general the lesion remains separate but in
advanced stage of disease development, they
coalesce together to from large (Up to 5-6 mm),
necrotic circular to rectangular spots on the leaves
with shot hole appearance. Sever spotting many
cause even defoliation. The symptoms on the twinges
are large number of black dots (acervuli) found
scattered all over the surface. The symptoms on the
fruits are small black circular spots on the skin of the

fruit and spread in the direction of long axis of the
fruit, infection progress such spot get diffused and
black greenish or dirty grey in color or straw
coloured area from normal red on these coloured area
numerous acervuli may formed in concentric rings.
Isolation and purification of the pathogen
The isolations were made from the infected leaf
lesions. The infected portions just touching the
healthy region were cut with scalpel into small
pieces. These pieces were first surface sterilized with
0.10% aqueous solution of mercuric chloride then
washed in 3-4 times of distilled water. The excess
moisture was remove by keeping then in between the
folds of sterilized blotting paper and ultimately
transferred petridishes with 2.0% P.D.A. numerous
colonies of the fungus appeared within two days. The
mycelia bits were transferred into P.D.A. slants.
There were further purified by single spore technique
and maintained on P.D.A.at room temperature (25oC
– 28oC).
Pathogenecity Artificial inoculation was made to
test the pathogenic behavior of fungus on chilli
plants grown in the pots. The leaves were washing
with sterilized water and then inoculated by spore or
mycelial suspension both surface. Slight injuries also
made with sterilized needle before inoculation. The
inoculated plants were kept in the humid chamber.
Numerous small black to brown circular spots
appeared in leaves within 7 days of inoculation. The
spots increased in size and coalesced together to
cover the larger area on the leaves. The plant sprayed
only with sterilized water served as control. Results
obtained are summarized in

Table 1. Percentage of infection on chilli leaflets by different method of inoculations.
S.
Mode of infection
Treatment
No. of leaflets
No.
Inoculated
Infected
A.

Inoculated

I.

Upper surface

II.

Lower surface

B.

Uninoculated

I.

Upper surface

II.

Lower surface

Infection
percentage

Injured

20.0

15.0

75

Uninjured

20.0

13.0

65

Injured

20.0

16.0

80

Uninjured

20.0

14.0

70

Injured

20.0

--

00

Uninjured

20.0

--

00

Injured

20.0

--

00

Uninjured

20.0

--

00

Effect of different media on the fungal growth of
the pathogen:
Fungal growth on the solid media
Fungi can be grown on different solid media
comprising of known and unknown constituents, but
In - Vitro they require some specific medium for

their best vegetative as well as reproductive growth.
With this views 13 different media synthetic and non
synthetic solid media were used for the growth of
fungus and data were recorded 10 days after
incubation at (28 ± 1 oC ).
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Table 2. Diameter of the colony of Colletotrichum capsici on different solid media at (28 ± 1 oC ) after 10 days
incubation.
S.No.

Media

Ave. dia.of fungal
colony growth (mm)
92.00

Potato Dextrose Agar
Medium
Richard’s
Oat mael
Kirchoff’s
Corn meal
Sabouraud’s
Asthana & Hawker’s
Czapek’s (Dox)

1.
2.
3.
4.
5.
6.
7.
8.

Ave. diameter of fungalcolony (mm)

Seed decoction
9.
Brown’s starch
10.
Standard Nutrient
11.
Coon’s medium
12.
Malt extract
13.
C.D. at 5%

Colony

Colour

Fluffy

Pinkish white

Development
of acervuli
Xxxx

88.25
87.50
85.75
84.50
82.00
75.75
69.00

Fluffy
Fluffy
Compact
Fluffy
Compact
Sparse
Fluffy

Cottony white
Pinkish white
Creamy white
Orangish white
Pinkish
Cottony white
Pink

Xx
Xxxx
Xxx
Xxx
Xx
Xxx
Xxxx

60.00
58.00
56.00
53.25
51.25

Sparse
Compact
Sparse
Compact
Sparse

Transparent
White
Transparent
Yellowish pink
White

Xx
X
Xx
Xx
X

10.58

100
90
80
70
60
50
40
30
20
10
0
1

2

3

4

5

6

7

8

9

10

11

12

13

Media
Fig. 1. Effect of different Solid media on the growth of the pathogen.
Its corresponding histogram that Potato Dextrose
Agar medium supported significantly the maximum
growth
of the fungus followed by Richard’s
medium. The media like Potato Dextrose Agar
medium and Richard’s medium supported the
average growth of fungus. There was no significant
different between Potato Dextrose Agar medium and
Richard’s medium, Oat agar medium, Kirchoff’s
agar, Corn meal and Sabouraud’s agar medium
showed the good growth of the fungus. Asthana &
Hawker’s and Czapek’s (Dox) agar showed the fair
growth if the fungus. Seed decoction, Brown’s starch
agar, Standard nutrient agar and Coon’s agar medium
showed the poor growth of the fungus and the least
growth was obtained in Malt extract medium. It is
also obvious from Table-2 that the excellent
sporulation was obtained on Potato Dextrose Agar,
Oat meal and Czapek’s (Dox) media. Which
supported comparatively maximum growth o the

fungus except Czapek’s (Dox) media. Kirchoff’s
agar, Corn meal and Asthana & Hawker’s media
showed good sporulation. Sporulation was fair on
Richard’s media showed media, Saburaud’s agar,
Seed decoction, Standard nutrient and Coon’s
medium. The sporulation was least or poor on
Brown’s starch agar and malt extract medium. It is
clear from the table that fungal growth was better on
natural media than the synthetic ones. The colony
character was Fluffy on P.D.A., Richard’s, Oat meal,
Corn meal and Czapek’s (Dox) medium. Compact
was on Kirchoff’s, Sabouraud’s, Brown’s starch and
Coon’s medium. Sparse on Asthana & Hawker’s,
Seed decoction and Malt extract.
Liquid Media Study: -To find out the best the best
medium for the growth of the fungus, it was grown
on thirteen different liquid media and the results
obtained and given in Table – 3.
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Table 3. Average mycelia dry weight of Colletotrichum capsici in different liquid media at 28 ± 1 oC after 10
days incubation.
S.No.
Media
Av. Fungal dry weight (mg)
Sporulation
1.

Potato Dextrose Agar Medium

930

Xxxx

2.

Richard’s solution

900

Xx

3.

Oat mael

890

Xxxx

4.

Kirchoff’s

881

Xxx

5.

Corn meal

853.5

Xxx

6.

Sabouraud’s

795.5

Xx

7.

Asthana & Hawker’s

750

Xxx

8.

Czapek’s (Dox)

690

Xxxx

9.

Seed decoction

660

Xx

10.

Brown’s starch

620

X

11.

Standard Nutrient

580

Xx

12.

Coon’s medium

530

Xx

13.

Malt extract

458

X

Ave. Dry weight of fungus(mg. )

C.D. at 5%

58.15

1000
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Fig. 2.
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SOIL POLLUTION IN SURROUNDINGS OF NOIDA
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Abstract: In this communication the author has carried out the estimation and impact of fluoride Content which is causing
Soil pollution. Eight locations including Dadri, Kasana, Dankaur, Chiti and others have been taken for the study. The pH and
organic content of the Soil in the region, ranges from 4.9-5.9 and 2.4 to 9.2% respectively. The concentration of fluoride ion
ranges from 78.7 +2.5 to 202.2 + 1.2 in (mg/Kg dry wt). It is observed that as soils become more acidic, fluoride ion can be
released in to solution and form complexes with aluminium. As soils become more alkaline negative charge increases on
Soil surfaces, desorbs fluoride ions and could increase the fluoride ion concentration in solution. The impact on health may
be serious, causing there by decolouration of teath, severe pain and stifness in bones.
Keywords: Fluoride, Soil, Noida, Pollution

INTRODUCTION

F

luorine has attracted much attention by
environmental scientists in recent years. Small
concentration of fluoride in drinking water has
beneficial effect on human body if taken in a
controlled quantity of less than I ppm so as to
prevent dental caries. Atmospheric pollution or
contaminants in fertilizers can contribute significant
amount of fluoride ion to soils. However, its
bioavailability depends upon the pH and other
characteristics of the Soil. The bulk of the fluorine is
fixed in the crystal lattices of silicate and phosphate
minerals, as is clear from the abundance of 800 ppm
of fluoride ion in the earth’s crust as compared to 1.4
ppm in the sea. The content of fluoride ion in soil
ranges from 10 to 1000 ppm. High contents of
weatherable minerals lead to contamination of
drinking water. Fluoride ions are readily absorbed by
plants, especially from the more acidic soil.
Concentrations as low as 0 ppm of fluoride in
solution cultures were found to be toxic to several
species of plants.
MATERIAL AND METHOD
Apparatus : Toshcon Micro-2pH/ion (Model ISE
333).
Reagents : Standard Stock solution 2.21 g AR grade
NaF was dissolved in 1 litre distilled water.
Total Ionic Strength Adjustable Buffer (TISAB) 57
ml CH3COOH, 58g NaCl, 4g Cyclohexane diamino
Tetra-acetic acid (CDTA) were dissolved in 500 ml
distilled water. pH was adjusted to 5 - 5.5 using 5 M
NaOH solution and then the final volume was
adjusted to 1 litre using distilled water.
Sodium hydroxide solution 670 g of NaOH pellets
was dissolved in distilled water and diluted to 1 litre
and stored in a polyethylene container.

Sample collection and processing
Soil samples were collected and processed as per
standard procedure. About 0.5 g sieved (80 mesh)
soil sample was taken in a Nickel crucible followed
by the addition of 6 ml of NaOH solution. The
sample was placed in an oven set at 105°C for 2
hours. After the sodium hydroxide is solidified, the
crucible was placed in a muffle furance set at 350°C
for 2 hours. Then the crucible was removed and
cooled. 10 ml of distilled water was added to the
sample and heated slightly so as to allow the
dissociation of sodium hydroxide fusion cake. Then
pH was adjusted to 8-9 by adding 1 : 1 HCl. The
acidified sample is cooled, filtered and volume is
adjusted to a 50 ml volume metric flask using
distilled water. 25 ml of filtrate is added to 25 ml
TISAB in 100 ml polyethylene beaker and fluoride
ion concentration is measured using a specific ion
meter coupled to a fluoride ion selective electrode
and reference calomel electrode.
Estimation of ph and organic content
1. Measurement of Soil pH with Glass Electorde
Soil pH was measured as per the standard procedure.
Organic
sulphur
content
was
estimated
gravimetrically.
Procedure : Take 10 g of the soil and add 25 mL of
distilled water. Shake the contents well after a lapse
of about 30 minutes. Dip both glass electrode and the
reference calomel electrode in the soil suspension.
Connect the electrode to the pH meter, which has
already been checked with a standard buffer solution
of known pH. Switch on the current and increase or
decrease the resistance in the external circuit so that
the potential of the electric power equalises the
potential of the cell containing soil suspension and
the galvanometer needle indicates at zero. Directly
read the pH of the soil from the scale. Now direct
reading pH meters working either on mains or
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storage battery is commercially available. These give
the potential and the pH of the solution.
2. Determination of Total Sulphur in Soil
Principle : The organic sulphur content present in
soil is oxidised to sulphate by sodium peroxide
followed by fusion with Na2CO3 in order to
decompose the soil minerals. The sulphate can be
determined be precipitation as BaSO4.
Reagents :
(i) Granular sodium peroxide
(ii) Anhydrous sodium carbonate
(iii) Conc. HCl
(iv) Methyl red indicator
(v) 10% BaCl2 solution
(vi) 95% ethyl alcohol.
(vii) Sulphuric acid.
Weigh 5 to 10 g of air dry soil of 0.5 mm mesh into a
nickel crucible and add an equal amount of
anhydrous Na2CO3. Mix well and add 2 mL of water
and stir the contents to make a stiff paste.
immediately add 10 g of sodium peroxide
successively about 1 g at a time, inorder to prevent
excessive froathing. Put the crucible containing the
contents in a muffle furance at about 400-500°C for
half an hour and then increase the temperature to
about 900°C rapidly for about 10 minutes. Take out
the crucible from the furnace and place it sideways in
a big beaker and cover with distilled water. Add 5 ml
of ethyl alcohol and heat it on a hot plate. Now
remove the crucible along with stirring rod from the
beaker. If small glassy particles still cling to the
inside of the nickel crucible, then disintegrate them
by adding water and boiling over a hot plate and add
it to the main content. Filter by suction into a small
beaker. When no more liquid can be drawn through
the filter, return the residue along with filter paper to
the original beaker. Add about 1 g of Na2CO3 and 75
to 100 mL of distilled water and heat the contents to
brisk boiling. Again filter through a Buchner funnel,
using suction and wash with 20 ml. portions of hot
water to a total of 500 mL. Make up the volume to 1
litre by adding distilled water. The amount of
sulphate in the extract can then be determined
gravimetrically by precipitating as BaSO4.
𝐵𝑎2+ + 𝑆𝑂42− = 𝐵𝑎𝑆𝑂4
137

96

233

The determination of sulphate is carried out by
precipitation of it as BaSO4 in a hot dilute solution of
the sulphate previously acidified with HCl (to avoid
co-precipitation of 𝐶𝑂32− , 𝑃𝑂43− etc.) The precipitate
of BaSO4 is filtered, washed with hot water, dried
Table 1. Calibration of Fluoride ION Selective Electrode
Concentration (ppm)
0.23
2.3
23
230

and ignited to a constant weight. The percentage of
suplhate can be calculated from the weight of the
precipitate.
RESULT AND DISCUSSION
Calibration : The instrument was calibrated using
known fluoride ion standard solution of
concentrations in the range 0.23-230 ppm. Table-1
shows the EMF values obtained for different
standard solution of fluoride. As is shown in Figure1, the response is linear with a slope of 59.1 Table
No. 2 shows the results of analysis of total fluoride
ion concentration in soil samples. The curve obtained
is linear, satisfying the equation y = mx + c. In
addition to fluoride ion concentration, the other
parameters namely soil pH and organic content are
also measure.
The concentration of fluoride ion in the soil depends
upon several factors such as fluoride concentration in
the rock material from which the soil is formed, the
leachability of the soil which in turn depends upon
the type of soil, biological elimination from soil
which depends upon the type and density of
vegetation and fluoride contamination from
anthropogenic activities. Fluoride ion adsorbs
strongly to most soils at neutral pH and is not easily
leachable. The effect of fluoride pollution of soils on
plants have been discounted, primarily because
fluoride ion absorbs strongly to most soils at neutral
pH and is therefore assumed to be unavailable to
plants. However as soils become more acidic,
fluoride ion can be released into solution and form
complexes with aluminum. In very acidic soils (pH <
4.0), the formation of HF could also favour increased
solubility of fluoride ion. As soils become more
alkaline, negative charge increases on soil surfaces,
desorbs fluoride ion and could increase the fluoride
ion concentration in solution7. The pH and organic
content of the soil in region ranges from 4.9-5.9 and
2.4-9.2% respectively. Figures 2 and 3 shows the
effect of pH and organic content on the fluoride ion
concentration in soil. These curves do not indicate
any systematic relation between pH and organic
content on the soil fluoride ion. It may be noted that
the variation in pH and organic content are very less
in the sample studies. This leads to the conclusion
that the mild variations in external chemical factors
do not influence the concentration of fluoride in this
soil. This may be because most of fluoride ion is
attached with crystal lattice of the soil.

EMF (mv)
+102.6
+54.2
– 12.2
– 74.3
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Table 2. Concentration of Fluoride ION in SOIL.
Location
Concentration of Fluoride ion

Soil pH

Soil Organic

(mg/kg dry wt.)

content (%)

Dadri

94.6 + 7.2

5.2

4.2

Kasana

132.3 + 1.2

5.4

7.6

Gharbara

120.2 + 2.2

5.9

4.6

Hasanpur

78.7 + 2.5

5.4

6.2

Chiti

105.6 + 3.0

5.2

2.4

Devta

178.3+ 1.2

5.3

6.2

Maycha

202.2+ 2.3

4.9

5.,8

Dankaur

126.3 + 1.2

5.3

9.2
7.2
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EFFECT OF FERTIGATION SCHEDULING AND COST ECONOMICS IN THREE
CULTIVARS OF GUAVA (PSIDIUM GUAJAVA L.) UNDER ULTRA HIGH
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Abstract: Field experiment was carried out during the year 2014-15 in winter season at research field of Precision Farming
Development Centre (PFDC) of Department of Horticulture, Indira Gandhi Krishi Vishwavidyalaya, Raipur (C.G.) to study
the effect of drip irrigation and fertigation scheduling on performance of three cultivar of guava (Psidium guajava L.) in ultra
high density planting. The experiment was conducted with three varieties (Lalit, Allahabad Safeda and L-49) along with
three levels of fertigation scheduling (60% RDF, 80% RDF and 100% RDF). The benefit-cost (B: C) ratio was evaluated.
Benefit-cost analysis was carried out to determine the economic feasibility of using drip irrigation. The cost of drip irrigation
system includes depreciation, prevailing bank interest rate, repair and maintenance of the system. The interest rate and repair
and maintenance cost of the system were 12 and 1% per annum of the fixed cost respectively. The useful life of drip system
was considered to be 10 years. The cost of cultivation includes expenses incurred in field preparation, cost of seedlings,
fertilizer, weeding, crop protection measures, irrigation water and harvesting with labour charges. The B: C ratio was found
maximum (2.78) in Lalit cultivar with (80% RDF).
Keywords: Fertigation, Guava, UHDP, B: C ratio

INTRODUCTION

G

uava (Psidium guajava L.) is a very popular
fruit in India and has been under cultivation in
India since early 17th century. It belongs to family
“Myrtaceae” and an important commercial fruit crop
of tropical and sub-tropical region of India. It is
known as “Apple of tropics” and rich in vitamin “C”
and pectin content besides being a good source of
other vitamins and minerals. Fruits are fair source of
vitamin A (about 250 mg/100 g) and contain
appreciable quantities of thiamine, niacin and
riboflavin. The ascorbic acid content ranges from 75260 mg/100 g, which varies with cultivar, season,
location and stage of maturity. The fruit also contains
considerable amount of calcium, phosphorus and
iron. However, 80% of iron remain in the seed and is
not utilizable. Moreover, guava fruits are rich source
of pectin which ranges between 0.5 and 1.8%
(Adsule and Kadam, 1995). The area under guava in
India is 235.6 thousand ha and production is 3198.3
thousand metric tonnes with a productivity of 13.6
metric tonnes/ha. The highest area under guava
cultivation is in Maharashtra (39.00 thousand ha).
Madhya Pradesh is the leading state of guava
production (801.00 thousand metric tonnes), as well
as productivity (37.6 metric tonnes/ha). Whereas, in
Chhattisgarh, the area of guava is 17119 ha and
production is 140908 metric tonnes (Anonymous,
2013). Fruit production is undergoing a change
where emphasis is being given to higher production
per unit area. High density planting or meadow
orchard system is the fastest way of reducing the
gestation period and simultaneously increasing the

productivity of the orchards. Accommodation of the
maximum number of precocious plants per unit area
to get the maximum profit per unit of the tree volume
without impairing the soil fertility status is called the
high density planting. The meadow orchard is a
modern method of fruit cultivation using small or
dwarf tree with modified canopy. Better light
distribution within tree canopy increases the number
of well illuminated leaves. Drip irrigation proved
efficiently in providing irrigation water and nutrients
to the roots of plants, while, maintaining high yield
production. Modern drip irrigation has arguably
become the world's most valued innovation in
agriculture since the invention of the impact
sprinkler, which replaced flood irrigation. This is
because high water application efficiencies are often
possible with drip irrigation, since there is reduced
surface evaporation, less surface runoff, as well as
minimal deep percolation. Moreover, a drip irrigation
system can easily be used for fertigation, through
which crop nutrient requirements can be met
accurately. Due to the way the water is applied in a
drip system, traditional surface applications of timedrelease fertilizer are sometimes ineffective, so drip
systems often mix liquid fertilizer with the irrigation
water. Basin irrigation is the conventional method
widely used to irrigate most of the fruit crops grown
in Rajasthan state of India. However, this method
uses more water compared to other high tech water
saving irrigation methods such as sprinkler, drip etc.
Many researchers have reported the higher
application efficiency of drip irrigation systems over
the conventional basin irrigation systems (Salvin et
al., 2000; Bharambe et al., 2001; Agrawal and
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Agrawal, 2007) compared to drip and basin irrigation
systems in fruits and found that there was savings of
40-60% more irrigation water than basin irrigation
methods. Singh et al. (2006) reported that irrigation
requirement met through drip irrigation along with
polythene mulch gave the highest yield of guava
(37.70 t/ha) with 164% greater yield as compared to
ring basin irrigation. Fertigation enables adequate
supplies of water and nutrients with precise timing
and uniform distribution to meet the crop nutrient
demand. Further, fertigation ensures substantial
saving in fertilizer usage and reduces leaching losses
(Kumar et al., 2007). Similar to frequent application
of water, optimum split applications of fertilizer
improves quality and quantity of crop yield than the
conventional practice.
MATERIAL AND METHOD
A Field experiment was carried out during the year
2014-15 in winter season at research field of
Precision Farming Development Centre (PFDC),
Department of Horticulture, Indira Gandhi Krishi
Vishwavidyalaya, Raipur (C.G.). Raipur is situated
in the central part of Chhattisgarh at latitude 21.16
0
N and longitude 81.36 0E at an altitude of 289.56
meters above the mean sea level. Raipur comes under
dry, sub-humid agro-climatic region. The source of
rainfall is South-West monsoon. It receives an
average annual rainfall of 1200-1400 mm, most of
which (about 85%) is received from third week of
June to mid September and very little (rest of 15%)
during October to February. May is the hottest and
December is the coolest month of the year. The
pattern of rainfall, particularly during June to
September months has a great variation from year to
year. The maximum temperature goes as high as 46
ºC during summer and minimum as below as 6 ºC
during winter months. The atmospheric humidity is
high from June to October. The Meteorological data
viz., temperature, sunshine hours, relative humidity,
wind velocity and evaporation. The weekly
maximum and minimum temperature was 34.4 ºC
and 8.6 ºC, respectively. The maximum temperature
during the experimentation varied between 28.3 ºC to
33.4 ºC from September 2014 to December 2014
whereas, minimum temperature varied between 8.3
ºC to 25.1 ºC. The total rainfall during the period of
experimentation was 236.4 mm, relative humidity
throughout the crop season varied between 27-95%.
The average maximum relative humidity for different
months varied from 84-95%, while, monthly average
minimum relative humidity varied between 27-83%.
The average values of open pan evaporation ranged
from 1.7-4.1 mm/day, whereas average sunshine
values varied from 0.5-9.0 hrs/day, maximum wind
velocity during crop period was 6.9 km/hrs and
minimum was recorded 1.9 km/hrs.
The experimental plots were irrigated by using drip
irrigation system as per water requirement of the

crop. Crop water requirement was calculated daily
with the help of meteorological data recorded by
meteorological observatory of Indira Gandhi Krishi
Vishwavidyalaya, Raipur (C.G.). The plants were
irrigated daily by drip irrigation systems. The
irrigation water requirement was estimated and
irrigation schedule was developed by various
methods. However, the most commonly adopted
method was Pan “A” evaporation method where the
daily water requirement was calculated using the
formula:
Daily water requirement = A x B x C x D x E
litre/day/plant
Where,
A = Pan evaporation
B = Pan factor
C = Crop factor
D = Per cent wetted area
E = Spacing between row to row and plant to plant
The water requirement of the crop was computed on
daily basis by using the following equation as
suggested by Shukla et al., (2001). V =
Ep.Kp.Kc.Sp.Sr.Wp Where, V = Volume of water
required (litre / day / plant) Ep = Pan evaporation as
measured by Class-A pan evaporimeter (mm /day)
Kc = Crop co-efficient (co-efficient depends on crop
growth stage) Kp = Pan co-efficient Sp = Plant to
plant spacing (m) Sr = Row to row spacing (m) Wp =
Fractional wetted area, which varies with different
growth stage (0.3 to 1.0) The values of pan
coefficient and crop coefficients were taken from
(Doorenbos and Pruitt, 1977). The water requirement
of guava crop was estimated on daily basis for all
months considered under study. Daily time to operate
drip irrigation system was worked out taking the
application rate per plant. Drip system was scheduled
on alternate days; hence total quantity of water
delivered was cumulative water requirement of two
days. Observations on water requirement, growth
character and yield of capsicum were recorded and
analyzed statistically following the standard
procedures (Panse and Sukhatme, 1985). The water
use efficiency (WUE) of the crop was determined by
dividing the yield with water requirement of the crop.
Each plant was provided with 2 emitter 10 cm away
from plants, drip irrigation scheduling was done at
100% of open pan evaporation. In drip irrigation
scheduling was done based on irrigation
depth/cumulative pan evaporation (IW/CPE) = 1 to 4
cm depth.
Time required to run the system =
Quantity of water required/per plant/per days
Drip discharge 26
Treatment-wise cost of cultivation was worked out.
The total expenditure on cultivation and management
of crop was recorded in terms of rupees and per
hectare cost of cultivation was calculated. The gross
monetary returns per hectare was worked out
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considering the average prevailing price for guava as
Rs. 20 per kg and the net returns were calculated by
subtracting the cost of cultivation from gross returns
and B: C ratio was worked out by using following
formula:
Benefit: cost ratio = Net returns
Cost of cultivation
RESULT AND DISCUSSION
The maximum plant height (135.22 cm) was found
under the treatment combinations of 80% RDF
(131.07 cm) in the cultivar Lalit followed by
Allahabad Safeda (127.07 cm) with the same
treatment combinations depicted in table (1). The
minimum plant height (125.95 cm) was observed in
the cultivar L-49 with the treatment combinations of
60% RDF (128.22 cm). The taller plant height with
80% water through drip irrigation might be due to the
optimum availability of moisture which facilitated
for production of better root biomass resulting better
nutrient uptake from the soil. Plant girth was
maximum (8.86 cm) in Lalit cultivar with treatment
combinations of 80% RDF (8.77 cm) followed by
Allahabad Safeda (8.36 cm) with the same treatment
combinations However, it was minimum in L-49
cultivar with treatment combinations of 60% RDF
(7.86 cm). 75% (IW/CPE) ratio and maximum dose
of fertigation level resulted in maximum plant girth
in guava under drip irrigation system. The maximum
plant canopy spread (160.80 cm) was found in the
treatment combinations of 80% RDF (161.44 cm) in
the cultivar Lalit followed by Allahabad Safeda
(160.32 cm) with the same treatment combinations.
The minimum plant canopy spread (156.81 cm) was
observed in the cultivar L-49 with the treatment
combinations of 60% RDF (156.09 cm). The above
findings are in accordance with the report of present
investigation. Plant canopy spread was significantly
better under alternate day irrigation scheduling and
higher levels of fertigation doses (Chandra and
Jindal, 2001). The results are in accordance with the
findings (Shukla et al., 2000) in aonla, (Shirgure et
al., 2004) in acid lime, (Sulochanamma et al., 2005)
and (Agarwal and Agrawal, 2007) in pomegranate.
The maximum number of fruits per plant (46.65)
were found in the treatment combinations of 80%
RDF (44.14) in the cultivar Lalit followed by L-49
(43.63) with the same treatment combinations. The
minimum number of fruits per plant (39.23) was
observed in the cultivar Allahabad Safeda with the
treatment combinations of 60% RDF (42.12). Drip
irrigation is being widely adopted in the orchards for
improving fertilizer and water use efficiency through
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drip in the orchards. Irrigation scheduling at 80% of
ETc and 75% of recommended dose of fertilizer was
found to be more effective than other treatments over
the control for fertigation in guava (Singh et al.,
2012).
The maximum number of V1-Lalit, V2-Allahabad
Safeda, V3-L-49, F1-60% recommended dose of
fertilizer, F2-80% recommended dose of fertilizer, F3100% recommended dose of fertilizer fruits per plant
might be due to the higher fruit set which ultimately
increased the number of fruits per plant. The above
results are in agreement with the finding of Maji and
Das (2008) in guava. The maximum fruit yield per
plant (8.37 kg) was found in the treatment
combinations of 80% RDF (7.97 kg) in the cultivar
Lalit followed by L-49 (7.77 kg) with the same
treatment combinations. The minimum fruit yield per
plant (6.67 kg) was observed in the cultivar
Allahabad Safeda with the treatment combinations of
60% RDF (7.16 kg). Highest yield in irrigation
scheduling at 80% of ETc and 75% of recommended
dose of fertilizer was found to be more effective than
other treatments over control for fertigation in guava
(Singh et al., 2012). Drip irrigation is being widely
adopted in the orchards for improving fertilizer and
water use efficiency through drip in the orchards.
Drip irrigation provides appropriate moisture at field
capacity, better root development in terms of number
and spread of roots, which facilitated luxuriant
growth of plant due to better nutrient uptake resulting
better fruit growth and development, ultimately
achieving higher yield. Significantly, the maximum
fruit yield per hectare (41.82 t/ha) was found in the
treatment combinations of 80% RDF (39.82 t/ha) in
the cultivar Lalit followed by L-49 (38.84 t/ha) with
the same treatment combinations. The minimum fruit
yield per plant (33.43 t/ha) was observed in the
cultivar Allahabad Safeda with the treatment
combinations of 60% RDF (35.81 t/ha). The increase
in yield under drip irrigation might be ascribed to the
better water utilization (Raina et al., 1999), higher
absorption and accumulation of nutrients by crop
(Rumpel et al., 2003) and maintenance of excellent
soil water air relationship with higher oxygen
concentration in the root zone (Bangar and
Chaudhary, 2004). Surface irrigation, on the
contrary, resulted in considerable wastage of water
and plant nutrients in deep percolation below root
zone and set a chain of undesirable hazards such as
poor soil aeration, water logging, imbalanced soil
water nutrient environment and weed infestation
leading to the declined fruit yield (Raina et al.,
2011). Similarly, the fruit yield increased
significantly with increase in levels of nitrogen in all
the years.
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Table 1. Effect of fertigation scheduling on crop growth, yield attributes and yield of guava
Treatment

Varieties
Lalit
Allahabad Safeda
L-49
Fertigation levels
60% RDF
80% RDF
100% RDF

Plant
height
(cm)

Plant girth
(cm)

Plant
canopy
spread (cm)

Number
of
fruits/plant

Fruit
yield/plant
(kg)

Fruit
yield/ha

135.22
127.07
125.95

8.86
8.36
7.86

160.80
160.36
156.81

46.65
39.23
43.63

8.37
6.67
7.77

41.82
33.43
38.84

128.22
131.07
128.96

7.86
8.77
8.44

156.09
161.44
160.40

42.12
44.14
43.24

7.16
7.97
7.68

35.81
39.82
38.46

RDF-recommended dose of fertilizer
Table 2. Effect of physico-chemical changes in guava cultivars
Treatment
Varieties
Lalit
Allahabad Safeda
L-49
Fertigation Levels
60% RDF
80% RDF
100% RDF

Fruit weight
(g)

Number
seeds/fruit

183.62
169.32
178.59
175.30
178.42
177.81

of

Seed weight (g)

TSS

pH

Acidity (%)

216.04
213.34
215.23

6.64
5.57
4.08

14.99
13.84
12.53

4.94
4.15
3.94

.64
.56
.55

212.94
216.82
214.84

4.52
6.17
5.60

12.89
15.00
13.47

4.09
4.57
4.37

.56
.60
.58

RDF-recommended dose of fertilizer
Table 3. Cost analysis of guava
Treatment
Varieties
V1
V2
V3
Fertigation Level
F1
F2
F3

Cost of cultivation

Gross return

Net return

Benefit : Cost

221000
221200
221400

836483.69
668577.78
776711.11

615283.69
447377.78
555511.11

2.78 : 1
2.02 : 1
2.51 : 1

221000
221200
221400

716140.74
796377.78
769254.06

495140.74
575177.78
547854.06

2.24 : 1
2.60 : 1
2.47 : 1

The maximum fruit weight (183.62 g) was found in
the treatment combinations of 80% RDF (178.42 g)
in the cultivar Lalit with followed by L-49 (178.59 g)
with the same treatment combinations. The minimum
fruit weight (169.32 g) was observed in the cultivar
Allahabad Safeda with the treatment combinations of
60% RDF (175.30 g). The maximum number of
seeds per fruit (216.04) was found in the treatment
combinations of 80% RDF (216.82) in the cultivar
Lalit followed by L-49 (215.23) with the same
treatment combinations. The minimum number of
seeds per fruit (213.34) was observed in the cultivar
Allahabad Safeda with the treatment combination of
60% RDF (212.94). The maximum seed weight (6.64
g) was found in the treatment combinations, 80%
RDF (6.17 g) in the cultivar Lalit with followed by
Allahabad Safeda (5.57 g) with the same treatment
combinations. The minimum seed weight (4.08 g)
was noticed in the cultivar L-49 with the treatment
combination of 60% RDF (4.52 g). The maximum
TSS (14.99 0Brix) was found in the treatment
combinations of 80% RDF (15.00 0Brix) in the
cultivar Lalit followed by Allahabad Safeda (13.84
0
Brix) with the same treatment combinations. The

minimum TSS (12.53 0Brix) was observed in the
cultivar L-49 with the treatment combinations of
60% RDF (12.89 0Brix). Ram and Rajput (2000)
concluded that the highest total soluble solids was
observed in the cvs. L-49 and Allahabad Safeda,
respectively. The maximum pH of fruit juice (4.94)
was found in the treatment combinations of 80%
RDF (4.57) in the cultivar Lalit with followed by
Allahabad Safeda (4.15) with the same treatment
combinations. The minimum pH of fruit juice (3.94)
was noticed in the cultivar L-49 with the treatment
combination of 60% RDF (4.09). The maximum
acidity (0.64 %)) was found in the treatment
combinations of 80% RDF (0.60%) in the cultivar
Lalit followed by Allahabad Safeda (0.56 %) with
the same treatment combinations. The minimum
acidity (0.55 %) was noticed in the cultivar L-49
with the treatment combinations of 60% RDF
(0.56%). Acidity with the treatment I2F2 (75 %
irrigation of IW/CPE ratio 45, 20, 20 g
NPK/plant/year) recorded better quality fruits
indicated in (Table 2).
Total cost of cultivation indicated in (Table 3), gross
income and net return (Rs. 221000), (Rs. 836483.69),

JOURNAL OF PLANT DEVELOPMENT SCIENCES VOL. 8 (6)

(Rs. 615283.69) respectively, was found in the
treatment combinations of 80% RDF (Rs. 221200)
(Rs. 796377.78), (Rs. 575177.78) in the cultivar Lalit
followed by L-49 (Rs. 221000), (Rs. 776711.11),
(Rs. 555511.11) with the same treatment
combinations. The minimum total cost of cultivation,
gross income and net return (Rs.221000), (Rs.
668577.78), (Rs. 447377.78) was observed in the
cultivar Allahabad Safeda with the treatment
combinations of 60% RDF (Rs. 221000), (Rs.
716140.74), (Rs. 495140.74). The maximum Benefit
cost ratio (2.78)) was found in the treatment
combinations of 80% RDF (2.60) in the cultivar Lalit
followed by L-49 (2.51) with the same treatment
combinations. The minimum Benefit cost ratio (2.02)
was observed in the cultivar Allahabad Safeda with
the treatment combinations of 60% RDF (2.24). Drip
irrigation is being widely adopted for the orchards
for improving fertilizer and water use efficiency
through drip in the orchards. The economic analysis
revealed that the drip fertigation technology for
guava was feasible with benefit cost ratio 2.48:1.
(Singh et al., 2012).
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