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SELECTION OF RESISTANT VARIETY, EFFECTIVE 
ORGANIC AMENDMENT AND FUNGICIDE AGAINST 

GUMMY STEM BLIGHT (Didymella bryoniae) OF 
BOTTLE GOURD 

M. Afroz1, M. A. Rahman, M. S. Nahar, L. Yasmin, S. M. K. Alam2 
Horticulture Research Centre, Bangladesh Agricultural Research Institute (BARI) 

Gazipur- 1701, Bangladesh 

ABSTRACT 
Gummy stem blight caused by Didymella bryoniae (Mycosphaerella 
melonis) of bottle gourd (Lagenaria siceraria) is one of the destructive 
diseases of the vegetable crop in Bangladesh. The present investigation 
was conducted under natural epiphytotic condition to find out resistant 
variety, effective organic amendment and chemical fungicide against the 
disease. Out of 23 accessions of bottle gourds screened in the 
investigation only BARI (Bangladesh Agricultural Research Institute) 
Lau-2 showed resistant reaction, while BARI Lau-1 showed moderate 
resistant reaction and the rest of the lines were moderately susceptible 
or susceptible to the disease. Soil amendment with poultry liter or 
mustard oilcake and application of Bordeaux paste at early stage of crop 
growth was recorded as the best chemical for controlling gummy stem 
blight of bottle gourd showing 91.93% disease reduction at seedling 
stage. On the other hand, foliar spray with Indofil M-45 (0.2%) was found 
effective to control D. bryoniae at the later stages of plant growth 
showing 44.60% reduction in disease severity. Bottle gourd yield 
increased by 39.77-53.70% over control due to foliar spray of different 
fungicides. Based on findings of the investigation, cultivation of BARI 
Lau-1 and BARI Lau-2, use of Bordeaux paste and foliar spray with 
Indofil M-45 may be recommended to control gummy stem blight for 
higher bottle gourd yield. 
Key words: Gummy stem bight, Bottle gourd, chemical control, resistant 
variety 

INTRODUCTION 
Bottle gourd (Lagenaria siceraria) is one of the popular vegetables in 

Bangladesh. Gummy stem blight caused by Didymella bryoniae (Mycosphaerella 
melonis) is one of the destructive diseases of the crop in the country (Anon. 
                                                 
1 Corresponding author email: mafruha_afroz@yahoo.com 
2 Bangladesh Agricultural Research Council (BARC), Dhaka, Bangladesh 

Received: 12.04.2011 



2 M. Afroz et al 

2008).The disease may cause crown blight, leaf lesions, defoliation and fruit rot. The 
infected   area becomes cracked and gummy substance comes out from the stem. 
Gummy stem blight fungus can easily be transmitted to a new area with infected 
seeds (Anon, 2010). Plants are more susceptible at seedling stage; chlorosis or 
necrosis symptoms appear in case of severe attack. The infected plants may die due 
to the infection of gummy blight (Agrios, 1997; Kucharek and Schenck, 1999). The 
pathogen is soil inhabitant and initially infects plants at soil level and releasing air-
borne ascospores, the pathogen may infect foliage of the crops. Severely infected 
crop failed to set fruit, resulting yield reduction remarkably. Reports from different 
countries reveal that control strategies of stem blight or its foliage infection include 
utilization of resistant varieties, use of disease free seeds, application of soil 
amendments with bio-manures, seed/stem treatment with fungicide such as benomyl, 
mancozeb, ipridione and chlorothanthanil as early as first appearance of the disease 
(Charles1999; Utkhede and Edward 2004). Vine rot of pointed gourd caused by the 
pathogen was successfully controlled applying Cupravit @ 0.25% (Bakr, 2007) and 
effective disease management was done by using various groups of fungicides like 
Mancozeb (Ditahne, Pencozeb); Maneb (Maneb, Manex); Tebuconazole (Folicur) 
and Thiophynate methyl (Topsin M) in Florida  

The present investigation was conducted under natural epiphytotic and field 
conditions to select resistant variety, effective organic amendment and chemical 
fungicide against gummy stem blight of bottle gourd (D. bryoniae) with a view to 
developing suitable control measures of the disease. 

MATERIALS AND METHODS 
Three independent experiments were conducted during the cropping seasons of 

2008, 2009 and 2010 to screen bottle gourd accessions resistant against gummy stem 
blight, and to find out the effect of organic soil amendments and Bordeaux paste, and 
foliar spray with chemical fungicides on the severity of the disease. All experiments 
were conducted in the experimental field of Bangladesh Agricultural Research 
Institute (BARI), Gazipur under natural epiphytotic conditions following randomized 
complete block design with four replications. Bottle gourd was grown following 
standard methods. Seedlings were grown in poly bags individually.  Twenty five days 
old seedlings were then transplanted in the experimental plots with unit plot size 3m 
X 2m raised beds. Each bed contained 20 seedlings. Line to line and plant to plant 
distance were maintained 60cm. and 50cm. respectively.  Cow dung was applied @ 
15 t ha-1. Triple supper phosphate, urea and muriate of potash were applied @ 175, 
175 and 150 kg ha-1, respectively, as recommended for the crop (Anon., 2005). The 
intercultural operation and irrigation were done in time. 
Evaluation of bottle gourd accessions against D. bryoniae 

In the first experiment, 23 bottle gourd accessions were collected from Gene 
Bank of BARI and screened during 2007-2008 season. Seedlings of the accessions 
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were transplanted in the experimental field on August 2007. Each bed contained 20 
seedlings. Data on disease severity was recorded at 70 days of plant growth based on 
a 0-5 subjective scale,where,0= without infection on stem or leaf, 1=1-20% stem 
leaf-1 area infected, 2=>20-30% stem leaf -1 area infected, 3=>30-50% stem leaf-1 area 
infected, 4=>50-70% stem leaf-1 area infected and 5=>70- 100% stem leaf-1 area 
infected. The severity was expressed in percent disease index (PDI). The accessions 
were graded based on PDI values where, 0 =HR, 1-20 =R, >20-30 = MR, >30-
50=MS,>50-70, =S and PDI >70- 100 =HS (Mehta and Mandal, 1978). The PDI was 
computed according to formula.  

scaleratingimumXcountedleavesorstemsofnumberTotal
frequencyClassXratingClassratingsnumericalofSumPDI

max
)(

=  

Soil amendments and chemical application to control gummy stem blight  
In the second experiment, poultry liter @ 3 t ha-1, mustard oil cake @ 300 kg 

ha-1, Tricho-compost @ 100g pit-1, Bordeaux paste and spraying with Cupravit at 
0.2% suspension were tested. The experiment was carried out under natural field 
conditions during 2008-2009 cropping season with a susceptible accession of bottle 
gourd, BGN-32-7-1 to gummy stem blight (previously identified). Trellis was used to 
support the vine growth. Poultry liter, mustard oilcake and Tricho-compost were 
applied in the plots 15 days before transplanting the seedlings. Seedlings were treated 
with Bordeaux paste 25 days after germination by covering the stem base and 
Cupravit suspension was sprayed on the stem at the ground level and transplanted in 
the plots after first diseased area record. A control treatment without organic 
amendments or fungicides was also maintained in the experiment. Data on diseased 
area were recorded secondly 30days after transplanting. The data on percent disease 
reduction over control was computed based on the following standard formula. 

100(%)Re x
controlnderareaDiseased

controlunderareaDiseasedtreatmentanyunderareaDiseasedareadiseasedduction −
=  

Efficacy of fungicides to control foliar blight of bottle gourd 
Five fungicides namely, Indofil M-45 (Carbamate), Tilt 250EC 

(Propiconazole), Thiovit (Sulpher) and Kafa 80 WP (Mancozeb) were tested as foliar 
spray in the third experiment in two consecutive years, 2009 and 2010 two cropping 
seasons. Tilt 250EC was, sprayed @ 0.05%, other four fungicides were sprayed @ 
0.20%. A control treatment, where plain water was sprayed, was maintained for 
comparison. The susceptible accession BGN-32-7-1 was used in the experiment.  The 
trellis was used to support the vine growth. The fungicides were sprayed thrice at 15 
days interval beginning from onset of the disease as foliage infection. Twenty five 
leaves were randomly selected to record data on severity of leaf blight from two 
selected plants based on a 0-5 subjective scale and the severity was expressed as 
percent disease index (PDI) as mentioned earlier. Yield data were also recorded from 
the fungicides treated plots and compared with control. 
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Statistical analysis of the data of experiment 2 and 3 was performed using 
MSTAT computer program. The data on disease severity was analyzed after 
necessary transformation.  

RESULTS & DISCUSSION 
Response of bottle gourd accessions to D. bryoniae 
Didymella bryoniae infected all of the accessions and disease incidence was noticed 
in all of them showing PDI within the range of 5.00-65.00. Out of 23 accessions, the 
variety BARI Lau-2 showed the lowest PDI of 5.00 which was graded as resistant 
(R). The BARI Lau-1 showed second lowest PDI of 25.00 and it was graded as 
moderately resistant (MR). Thirteen accessions showed PDI values within the range 
of 40.00-50.00 and graded as moderate susceptible (MS). The rest of the accessions 
were graded as susceptible (S), which showed the highest PDI values of 55.00-65.00 
(Table 1). 

Table 1: Reaction of 23bottle gourd lines to Didymella bryoniae, Gummy stem of 
bottle gourd, 2008 

 

Accession code No. Percent Disease Index 
(PDI) 

Reaction* Number of 
accession 

LS001 55.00 S 
LS004 60.00 S 
LS005 55.00 S 
LS0013 65.00 S 
LS0022 65.00 S 
LS0024 60.00 S 
LS0025 55.00 S 
BGN-32-7-1 55.00 S 

8 

LS002 50.00 MS 
LS003 45.00 MS 
LS006 50.00 MS 
LS0010 50.00 MS 
LS0011 45.00 MS 
LS0012 40.00 MS 
LS0014 40.00 MS 
LS0015 40.00 MS 
LS0021 50.00 MS 

13 
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Accession code No. Percent Disease Index 
(PDI) 

Reaction* Number of 
accession 

LS0023 45.00 MS 
LS0026 45.00 MS 
LS0027 45.00 MS 
LS0028 40.00 MS 
BARI Lau1 25.00 MR 1 
BARI Lau2 5.00 R 1 

*Grading scale based on PDI: 0= without infection on stem or leaf = highly resistant (HR); 1 =1-20 
stem/leaf area infected = resistant (R); 2=>20-30 stem/leaf  area infected = moderately resistant (MR); 3 
=>30-50 stem/leaf area infected= moderately susceptible (MS); 4=>50-70 stem/leaf area infected = 
susceptible (S); 5 =>70- 100 stem/leaf area infected = Highly susceptible (HS) (Mehta and Mandal, 
1978). 

In the present study, only one bottle gourd accession was found resistant and 
another one moderately resistant to D. bryoniae under field condition. Rest of the 
accessions were found moderately susceptible. Report on susceptibility of bottle 
gourd accessions lines against the gummy stem blight disease is not available in the 
country or elsewhere. However, Santos (2005) screened melon cultivars against the 
same disease and found variability in reactions. The present result on susceptibility 
during seedling stage having different reactions such as  resistant to susceptible of 
bottle gourd accessions is supported by study conducted by Sakata et al., (2005) 
where melon accessions were screened against the disease at seedlings stages and 
found highly resistant to moderately resistant reaction to gummy stem blight.  
Soil amendments and chemical application in controlling gummy stem blight 

Diseased area on stem ranged 8.75-14.98 cm2 at 25days and 3.16-14.00 cm2 at 
55 days after transplanting under different treatments with poultry liter, mustard oil 
cake, Cupravit, Bordeaux paste, Tricho-compost and control.  

At first count 25 days after planting only poultry liter and Bordeaux paste 
caused 37.50 and 62.50% reduction in disease severity over control. Effect of other 
treatments on this parameter was not appreciable compared to control.  At the second 
count 55 days after transplanting, all treatments showed remarkable reduction of 
gummy stem blight severity compared to control within the range of 44.61-91.93%. 
Bordeaux paste gave the highest disease reduction followed by mustard oilcake and 
poultry liter. The least effective treatment was Cupravit followed by Tricho-compost. 
Interestingly the diseased areas under the control treatment remain unchanged at 25 
and 55 days of plant growth in this experiment. 
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Table 2: Effectiveness of Soil amendments and chemicals in controlling gummy 
stem blight of bottle gourd seedlings, 2008 

 

Treatment Diseased area (cm²) Disease reduction over control (%)

 at 25 Days after 
transplanting 

at 55 Days after 
transplanting 

at 25 days after 
transplanting 

at 55 days after 
transplanting 

Poultry liter 8.75 d 4.18 d 37.50 70.14 

Mustard oil cake 13.40 c 3.16 e 4.28 77.43 

Cupravit 14.98 a 7.75 b 7.00 44.64 

Bordeaux paste 5.25  e 1.13 f 62.50 91.93 

Tricho-compost 14.67 ab 6.74 c 4.78 51.86 

Control 14.00 bc 14.00  a   

*Values within the same column with a common letter(s) do not differ significantly according to 
DMRT.  

Soil amendment with poultry liter and mustard oilcake and application of 
Bordeaux paste on infected stem gave respectively 70.14, 77.43 and 91.93% 
reduction in disease severity. Bordeaux paste was also found effective in controlling 
stem bleeding of coconut when the wound was cleaned by chisel and dressed it with 
Bordeaux paste (Rahman et al., 1989).  
Efficacy of different fungicides to control foliar blight of bottle gourd 

The highest PDI of 65.64 and 71.38 was recorded from control plants in 2009 
and 2010 cropping years. All fungicides significantly (P=0.5) reduced the blight 
severity on leaf over control. Among the fungicides, Indofil M-45 was found to be 
the best treatment for controlling gummy blight disease in both the years, which gave 
44.6 and 55.58% reduction in PDI over control in 2009 and 2010, respectively. 
Effectiveness of Tilt, Thiovit and Kafa were also appreciable to control the disease 
showing 38.66, 37.35 and 33.60% reduction in PDI in 2009, and 45.06, 49.70 and 
45.35% in 2010. The bottle gourd yield was also significantly higher in all chemical 
treated plots compared to control. The maximum yield was obtained with Tilt 
followed by Thiovit and Indofil. However, their efficacy was not significantly 
different (Table 3).  
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Table 3: Effectiveness of foliar spray with different fungicides in controlling 
gummy blight disease and to increase yield of bottle gourd in 2009 and 
2010 

 

Years 
2009 2010 

Treatment 

PDI values PDI 
reduction 

(%) 

Yield 
(t ha-1) 

PDI values PDI 
reduction 

(%) 

Yield 
(t ha-1) 

Indofil M-45 21.18 
(14.0) e 

44.60 43.98 d 
 

11.80 
(20.09) d 

55.58 
 

44.94 ab 

Tilt 250EC 26.98 
(22.0) d 

38.66 52.64 a 
 

26.32 
(22.0) c 

45.06 53.70 a 

Thiovit 28.29  
(24.0)c  

37.35 49.04 b 21.68 
(30.28) b 

49.70 50.08 b 

Kafa 80 WP 32.04 
(30.0) b  

33.60 45.29 c 
 

26.03 
(30.67) b  

45.35 46.13 ab 

Control 65.64 
(86.0)a   

_ 38.18 e 71.38 
(86.0)a   

_ 39.77 c 

CV (%) 0.34   6.90 - - 

Values within the same column having a common letter(s) do not differ significantly according to 
DMRT. 

In present investigation, the highest disease control was achieved when foliar 
spray applied with Indofil–M and it was followed by Tilt, Thiovit and Kafa. 
However, the percent increase in yield was higher in Tilt treated plots followed by 
Thiovit. Kucharek and Schenck (1999) stated that multiple applications of fungicides 
such as mancozeb and copper reduced foliar infection in cucurbits caused by gummy 
stem blight. It has also been reported that the fungicides like mancozeb, maneb and 
tabuconazole or benomyl effectively controlled gummy stem blight of watermelon 
(Keinath, 1995; Mathews et al., 2009).The result of the present study is also 
supported by Santos (2005) who reported that the gummy stem blight or stem canker, 
induced by the fungus D. bryoniae is considered the leading disease of melon. Their 
improvement of both fruit yield and its quality were achieved by spray with 
Mancozeb. Application of Dithane M-45 (Mancozeb) proved as the best treatment for 
controlling D. bryoniae and increased yield of watermelon (Bharath et al., 2005). 

Therefore, it may be concluded that for controlling gummy stem blight of bottle 
gourd varieties like BARI Lau-2 and BARI Lau-1 may be cultivated to reduce yield 
loss. Soil amendment with poultry liter or mustard oilcake and application of 
Bordeaux paste at early stage of crop growth; and foliar application of Indofil M-45 
@ 0.20%. at the later stages may be useful to control the disease. 
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ASSESSMENT OF GENETIC DIVERSITY IN CARROT 
(Daucus carota L.) GERMPLASMS 

A. Amin1, T. S. Dhillon, H. Mir and M. A. Shah 
Department of Vegetable Crops, Punjab Agricultural University, Ludhiana-141004, India 

ABSTRACT 
Thirteen morphological markers, four biochemical markers and twenty 
RAPD markers were employed to estimate genetic diversity and to 
characterize 48 carrot genotypes possessing special attributes. The 
analysis based on morphological or field observations, biochemical 
constituents and RAPD markers revealed wide genetic diversity in the 
germplasm evaluated. Pooled analysis of variance indicated significant 
genotypic differences for all the characters which showed presence of 
wide variability in the material. Maximum and minimum root lengths were 
recorded in PC-84 and IPC-25, respectively. Accession PC-42 and HC-
199-1 possessed maximum and minimum root weight, respectively. The 
highest total yield was recorded in PC-50 and the lowest in accession 
Nantes. Accession PC-50 possessed highest marketable yield and 
KTCTH-7 possessed lowest marketable yield. PC-83 had highest T.S.S. 
The highest β-carotene content was recorded in hybrid-501. Juice yield 
was highest in PC-90. Carrot germplasm exhibited high level of 
polymorphism for all the characters like root colour and core colour. The 
RAPD primers generated 254 bands of which all (100%) were 
polymorphic. The polymorphic information content (PIC) for the 20 
primers ranged from 0.83 in Oligo-679 to 0.94 in OPS-13. Coefficient 
analysis revealed five clusters, the first cluster comprised 4 genotypes, 
2nd cluster comprised 6 accessions, 3rd cluster 10 accessions, 4th cluster 
5 accessions and 5th cluster comprised only 1 accession. These clusters 
were further classified into sub- clusters. Cluster I has 4 sub-clusters, 
cluster II has 2, cluster III has 3, cluster IV has 1 sub-cluster. The RAPD 
analysis was helpful for estimating the magnitude of genetic diversity and 
for establishing genetic relation among germplasm. 
Key words: Carrot, morphological, biochemical, molecular markers, 
RAPDs, genetic diversity. 
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INTRODUCTION 
Carrot (Daucus carota L.) belongs to family Umbelliferae and is the native to 

Afghanistan (Banga, 1976). It is an important root crop grown in India. Carrot roots 
are used as vegetables for soups, stews, curries and pies; grated roots as salads, tender 
roots as pickles and for canning. Carrot jam is also popular and roots in the form of 
discs and slices can also be used after dehydration. Carrot juice is a rich source of β-
carotene and is sometimes used for coloring butter and other food items. Carrot is an 
important source of pro-vitamin A, fiber and other dietary nutrients (Simon, 2000). In 
India, carrot occupies an area of 31,800 ha with a production of 485 thousand MT 
and average yield of 152.55 q ha-1. According to the WHO, vitamin A deficiency 
partially or totally blinds nearly 350,000 children in more than 75 countries every 
year. Yellow carrots contain xanthophylls, which help develop healthy eyes and may 
prevent lung and other cancers. Red carrots also contain lycopene, which help 
prevent heart diseases and some cancers including prostate cancer. Purple carrots 
contain pigments called anthocyanin that act as powerful antioxidants, binding on to 
harmful free radicals in the body. Anthocyanins also help prevent heart diseases by 
slowing blood clotting. White carrots lack pigment, but contain other health 
promoting substances generally called phytochemicals (Anon, 2010).  

Characterization of carrot varieties or genotypes using morphological markers 
requires collection of extensive field data. Using morphological markers, it is easier 
to characterize the germplasm at the species level, but identification of genotypes 
within a species based on morphological markers alone is relatively difficult. Among 
molecular markers, random amplified polymorphic DNA (RAPD) markers are cost 
effective and do not require prior information of the genome. Optimization of PCR 
conditions and scoring only reproducible bands improves efficiency of RAPDs 
analysis (Amin et al., 2010). 

In carrot, various molecular markers viz., Amplified Fragment Length 
Polymorphism, Random Amplified Polymorphic DNA (RAPD) and Single Sequence 
Repeats have been used to assess genetic diversity in germplasm collections and for 
germplasm characterization. RAPD has been proved sensitive to experimental 
conditions for reliable reproducibility (Paul et al., 1997). It has advantages of being 
technically simple and rapidly facilitated. Therefore, it has been used for plant 
genetics and phylogenetic studies. The present study was carried out for estimation of 
genetic diversity and characterization of important genetic stocks of carrot using 
morphological, biochemical and RAPD markers. 

MATERIALS AND METHODS 
RAPD and AFLP markers are the most commonly used for the assessment of 

genetic diversity at the DNA level. They were used for this purpose in several crops 
including carrot (Nakajima et al., 1998). The Plant Genetic Resources Laboratory of 
the Research Institute of Vegetable Crops in Skierniewice currently holds 525 
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accessions of genus Daucus. Morphological characterization of these materials has 
been continuously performed in recent years by the Seed Company PHRO 
Krzeszowice. Every year a set of carrot accessions is grown in the field trials and 
evaluated with regard to morphology and chemical composition. The studies at the 
DNA level were initiated in 1999, in order to produce complementary data helpful 
for the evaluation of genetic diversity of collected accessions. Therefore the objective 
of the present research was to assess genetic distance in a sample of carrot accessions 
by means of RAPD technique. 
Experimental material 

The present investigation was carried out during 2007-08 and 2008-09 at 
Vegetable Experimental Area, Department of Vegetable Crops, Punjab Agricultural 
University (PAU), Ludhiana on sandy loam soil in a sub-tropical climate. The 
experiment comprising forty-eight genotypes of carrot were collected from PAU 
(Punjab Agricultural University), HAU (Haryana Agricultural University, Hisar), 
USA, IARI (New Delhi), SKUAST (Kashmir) and IIVR (Varanasi) (Table 1). These 
genotypes were grown in three replications in Randomized Block Design. All the 
plants were grown under identical environmental conditions by following the 
recommended agronomic and plant protection practices.  

The roots were ready for harvesting from mid-January onwards. Data were 
recorded from ten randomly selected plants per plot in each replication. The 
observations were recorded on  top height (cm), plant weight (g), root length (cm), 
root weight (g), root girth (cm), flesh thickness (cm), total yield (kg plot-1), total 
soluble solids using hand refractometer (TSS%), dry matter content (%), β-carotene 
(mg 100g-1) (AOAC, 1970), juice yield (ml kg-1). The analysis of variance was 
calculated by the formula given by (Allard, 1960). 
Polymorphic Information Content (PIC) 

The PIC values described by Botstein et al., 1980 are used to refer to the 
relative value of each marker with respect to the amount of polymorphism exhibited. 
The PIC values for each of 20 primers were estimated using following formula:  
                        n 
PIC = 1   -  ∑   Pij 2 
   j=1 
Where, Pij is the frequency of jth allele in the ith primer and summation extends over 
“n” patterns. PIC is synonymous with the term “gene diversity”. 
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RESULTS & DISCUSSION 
The analysis of variance for the characters evaluated revealed that the mean 

squares due to genotypes were highly significant for all the traits. The mean values 
for various characters among 48 genotypes along with extent of diversity (range) and 
their respective least significant difference values are presented in table 2. Pooled 
analysis of variance revealed that the mean squares due to genotypes were significant 
for all the characters studied for two years (Table 3) which indicates the presence of 
genetic variability in the experimental materials. The pooled analysis indicated that 
the genotype × year interactions were highly significant for top height, root weight, 
root girth, core girth, flesh thickness, root to top ratio, total yield, marketable yield, 
dry matter, carotene content and juice yield. The data obtained for two years 
experiments varied for top height, plant weight, flesh thickness, total yield, 
marketable yield, root-top ratio, dry matter and juice yield suggesting the effect of 
environmental conditions on the variation in studied plant parameters. The pooled 
data of morphological study is also represented in the form of a dendrogram (Figure 
1). 

On the basis of morphological study, the genotypes were divided into five 
clusters, which were further related to each other. The first group consisted of 13 
genotypes, second 15, third 3, fourth 8 and fifth 9 genotypes, respectively. Minimum 
values for top height were recorded in the genotype Nantes (50.48 cm). The highest 
plant weight, root length, root weight, root girth, flesh thickness and total yield were 
recorded in PC-15 (390.00 g); PC-5 (24.92 cm); PC-50 (182.00 g); PC-42 (3.21 cm); 
PC-42 (2.34 cm) and   PC-50 (7.56 kg plot-1), respectively. Among quality attributes, 
the highest value for total soluble solids (TSS), dry matter content and juice yield 
were observed in PC-83 and PC-5, respectively. Beta carotene content varied from 
2.03 in PC-61 to 6.96 mg 100g-1 in Hybrid-501. 

A wide range in phenotypic means of both, morphological and biochemical 
characters were revealed. In an earlier study, Singh et al., 2004 found 3.83-8.04% 
TSS in carrot genotypes. The present investigation revealed that there was a 
tremendous scope for genetic improvement in carrot through hybridization.  

The primers used for genotyping the carrot germplasm along with their base 
sequence and the total number of amplified bands and number of polymorphic bands 
generated by each of the primer are listed in table 4. The PIC values for the 20 
primers ranged from 0.83 in primer Oligo-679 to 0.94 in primer OPS-13 with an 
average of 0.88 for all 20 primers (Table 4). Primer OPS-19 amplified a total of 19 
bands in 48 genotypes with PIC value of 0.92, whereas primer OPS-20 amplified 
only 15 bands with PIC value of 0.90. Thus, in the present set of genotypes, primer 
OPS-19 was more informative than primer OPS-20. Thus, the set of primers used was 
informative since the PIC values were high. 

The genetic relationships among the genotypes are presented in the form of a 
dendrogram (Figure. IV). At 32 percent similarity level, the dendrogram revealed 
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five clusters. The first cluster comprised 26 accessions, second major cluster 
comprised six accessions, third consisted of ten accessions, fourth of five accessions 
and fifth cluster comprised of only one accession. i.e. Hybrid-501 from temperate 
region and depicts diversity of 68%.  

Cluster I having 26 accessions included germplasms from different regions viz. 
17 from Punjab, 7 from HAU, Hisar 1 from SKUAST, Kashmir and 1 from IARI 
New Delhi. It is further sub-clustered into four groups, although all these exhibited an 
overall similarity of 42 percent.  Cluster II having 6 accessions included germplasm 
from different regions viz. New Delhi, Punjab and SKUAST with an overall 
similarity of 42 percent. Cluster III having ten accessions viz. two from IIVR 
(Varanasi), seven from IARI (New Delhi), one from Punjab and exhibited an overall 
diversity of 50 percent. Cluster IV having five accessions i.e. four from New Delhi 
and one from Punjab. They exhibited an overall diversity of 46 per cent.  

Twenty primers yielded multiple DNA amplification products ranging from 7 
(OPS-14 & OPS-17) to 20 (OPS-13). The amplified bands varied in their intensity 
and all are recorded. A total of 254 loci were amplified with an average of 12.7 loci 
per primer and none is common in all 48 genotypes, generating 254 polymorphic 
markers between them. Figure 2 depicts a representative electrophoretic pattern of 
RAPD-PCR amplified products are in the form of strong and well defined bands in 
the range of 6 kb to 500 bp. The electrophoretic profile with this primer is highly 
distinct and polymorphic, generating genotype-specific DNA fingerprinting pattern. 

Some genotypes such as 3, 4 and 6 (lanes 4, 5 and 7) showed presence of many 
closely spaced bands in a ladder like pattern with OPS-11 and OPS-19 primers. 
These two primers amplified at least 3-4 intense bands for each genotype in addition 
to faint bands. OPS-11 (Figure. 2) showed presence of intense bands for all 
genotypes. The genotypes 2, 3, 30, 31 and 32 (lanes 3,4, 33, 34 and 35, Figure. 3) 
indicated identical profile with OPS-19. OPS-11 and OPS-19 (Figure. 2 & 3) 
generated an intense band of approximately 600 bp and 650 bp. The other 
polymorphic RAPD primers also generated useful information. 

The RAPD marker amplification profile of 48 genotypes was used to estimate 
genetic diversity or relativity based on number of shared amplified bands. The 
presence or absence of a particular amplification product was used as an index of 
genetic diversity. The similarity matrix value based on Jaccard’s coefficient of 
similarity (Jaccard, 1908) was used to generate dendrogram. Clustering was done by 
UPGMA using SAHN module of NTSYS pc Version 2.02e (Rohlf, 1998). 

Shim and Jorgensen, (2000) concluded that division of the total genetic 
diversity in the groups showed that the old varieties were similar to wild carrot with a 
relatively high genetic diversity within population or variety, higher than that found 
in the recent varieties as revealed by RFLP analysis. 
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RAPD markers were used to determine the genetic relationship among forty 
eight genotypes of carrot. Reliable and reproducible DNA amplification was obtained 
in all the accessions. A total of 25 primers were surveyed for amplification profile in 
these genotypes of carrot and five of the primers did not show any amplification.  

RAPD markers have proved to be informative enough to allow for the 
evaluation of representative germplasm of cultivated carrot. The amount of genetic 
variability detected by RAPDs among the lines analyzed in this study (100% 
polymorphism) is higher than those of detected by AFLPs, AFLP & ISSR. RFLPs 
(Ajmone et al., 1998),  (Bohn et al., 1999), SSRs (Powell et al., 1996). 

 It was further revealed that the major group included the genotypes both from 
indigenous and the exotic source PC-99 from USA. This indicated that the 
geographic distribution may not be the true index of genetic diversity in carrot. This 
could be attributed to the fact that genetic resources have been freely exchanged all 
over the world and were exploited for crop improvement programmes. Further, recent 
breeding trends towards a specific plant and root type seems to have contributed 
considerably to genetic uniformity among the modern cultivars.    
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Table 1. List of accessions of diverse origin evaluated in the study 
Genotypes Source  Genotypes Source 
Amity’s Carrot SKUAST, Kashmir  KTCTH-8 IARI, Katrian 
CCA-05-01 IIVR, Varanasi  Nantes IARI, New Delhi 
CT-2 IIVR, Varanasi  PC-101 Punjab 
Early Nantes Suttind Seed  PC-15 Punjab 
HC-1 HAU, Hisar  PC-16 Punjab 
HC-100 HAU, Hisar  PC-34 PAU, Ludhiana 
HC-199-1 HAU, Hisar  PC-35-A PAU, Ludhiana 
HCB-22-2 HAU, Hisar  PC-41 PAU, Ludhiana 
HCO-4-2 HAU, Hisar  PC-42 PAU, Ludhiana 
HCP-2 HAU, Hisar  PC-43 PAU, Ludhiana 
HCY-183-1 HAU, Hisar  PC-44 PAU, Ludhiana 
Hybrid -501 SKUAST, K  PC-5 Punjab 
IPC-106 IARI, New Delhi  PC-50 PAU, Ludhiana 
IPC-109 IARI, New Delhi  PC-61 Punjab 
IPC-118 IARI, New Delhi  PC-76 Punjab 
IPC-122 IARI, New Delhi  PC-79 PAU, Ludhiana 
IPC-25 IARI, New Delhi  PC-81 Punjab 
IPC-34 IARI, New Delhi  PC-82 Punjab 
IPC-37 IARI, New Delhi  PC-83 Punjab 
IPC-4 IARI, New Delhi  PC-84 Punjab 
IPC-40 IARI, New Delhi  PC-87 Punjab 
IPC-7 IARI, New Delhi  PC-94 Punjab 
JKC SKUAST,K  PC-96 Punjab 
KTCTH-7 IARI, Katrian  PC-99 USA 



Table 2. Mean performance of carrot germplasm for various horticultural traits and biochemical constituents 
Genotype Top ht. 

(cm) 
Plant wt. 

(g) 
Root  length 

(cm) 
Root Wt 

(g) 
Root 
Girth 
(cm) 

Flesh 
thickness 

(cm) 

Total yield 
(kg plot-1 ) 

TSS 
(%) 

Dry 
matter 

(%) 

Carotene content 
(mg 100g-1) 

Juice (ml 
kg-1 ) 

Amity’s Carrot  54.8 333.6 21.6 139.5 3.1 2.0 3.4 7.1 7.3 6.0 479.1 
CCA-05-01 69.1 225.1 21.0 123.6 2.8 1.8 6.1 7.3 7.5 4.6 466.6 
CT-2 71.2 222 9 21 5 113.2 2.8 1.8 6.5 7.3 7.5 3.2 465.0 
Early Nantes 58.9 377.5 20.1 148.0 2.9 1.8 3.8 7.1 7.2 5.3 415.8 
HC-1 68.1 332.6 21.1 147.5 2.9 1.6 4.9 8.0 8.0 2.7 578.0 
HC-100 61.8 185.3 22.8 110.8 2.5 1.5 4.2 8.6 8.5 3.2 575.0 
HC-199-1 62.3 189.1 20.8 101 3 3.1 2.1 5.5 8.0 8.0 4.2 566.6 
HCB-22-2 56.1 279.8 22.5 112.7 2.7 1.8 4.4 8.1 8.0 3.4 474.0 
HCO-4-2 66.2 240.3 22.0 130.0 2.8 1.9 4.2 6.7 7.3 2.6 579.6 
HCP-2 59.3 272.3 22.0 124.1 2.7 1.7 4.5 7.2 7.2 4.3 575.6 
HCY-183-1 62.3 281.0 22.7 149.4 2.6 1.7 5.0 7.8 7.8 3.4 473.0 
Hybrid-501 54.9 311.6 20.5 168 5 3.0 2.2 6.2 6.5 7.5 6.9 465.8 
IPC-106 63.8 192.6 20.6 102.5 3.0 2.1 5.1 8.1 8.4 4.1 478.1 
IPC-109 65.6 265.0 21 3 130.0 3.1 2.3 3.7 7.4 8.1 3.3 569.1 
IPC-118 68.3 198.1 22.6 117.8 2.8 1.7 4.4 6.8 7.4 2.5 571.6 
IPC-122 69.0 240.6 20.0 141.3 2.9 1.8 6.6 7.3 7.5 4.5 468.8 
IPC-25 69.6 198.3 19 5 135.6 2.9 2.0 4.3 7.4 7.5 3.5 455.8 
IPC-34 63.3 192.5 22.6 105.0 2.8 1.8 3.2 6.2 7.5 2.4 469.0 
IPC-37 67.8 264.0 22.8 127.5 2.9 2.0 3.1 6.9 8.2 3.4 471.8 
IPC-4 64.9 227.3 19.8 125.0 3.0 1.9 5.0 7.0 7.4 2.6 473.3 
IPC-40 69.7 193.3 22 2 106.0 3.0 2.1 4.7 7.6 8.0 3.1 465.8 
IPC-7 68.0 185.5 24 2 102.1 2.8 1.9 3.2 6.8 7.1 5.3 560.5 
JKC 60.9 327.9 23.0 119.8 2.8 1.7 3.7 8.0 7.7 5.1 421.5 
KTCTH-7 51.4 234.0 23.0 134.5 2.6 1.5 3.3 7.8 7.8 6.4 434.8 
KTCTH-8 56.1 260.0 22.7 118.3 2.9 1.8 5.4 6.8 7.8 6.3 471.6 
 Nantes 50.4 323.3 20.8 132.5 2.8 1.9 5.2 7.7 7.7 5.4 484.1 
PC-101 67.7 274.1 21.0 141.4 2.8 1.8 5.7 8.3 8.4 5.9 478.3 
PC-15 62.1 390.0 22.3 162 5 3.1 2.1 4.3 8.0 8.1 2.9 479.0 
PC-16 65.8 289.5 21.8 167 2 3.0 2.1 4.2 7.5 7.5 3.1 467.6 



Genotype Top ht. 
(cm) 

Plant wt. 
(g) 

Root  length 
(cm) 

Root Wt 
(g) 

Root 
Girth 
(cm) 

Flesh 
thickness 

(cm) 

Total yield 
(kg plot-1 ) 

TSS 
(%) 

Dry 
matter 

(%) 

Carotene content 
(mg 100g-1) 

Juice (ml 
kg-1 ) 

PC-34 70.7 241.1 22.0 120.0 2.8 1.8 6.4 6.7 7.2 4.7 460.0 
PC-35-A 61.3 295.0 21.3 173.0 2.9 1.8 6.0 8.1 8.3 5.1 568.3 
PC-41 70.3 335.0 21.4 154.8 2.9 1.8 5.6 7.9 7.9 2.6 526.1 
PC-42 64.4 377.5 24.4 163 5 3.2 2.3 5.6 7.8 7.2 3.3 570.0 
PC-43 68.1 304.8 20.1 159 5 2.7 1.8 6.3 7.8 8.6 2.6 478.3 
PC-44 60.9 312.5 22.8 164 3 2.6 1.8 6.1 7.4 7.5 3.3 478.3 
PC-5 63.6 273.0 24.9 174 3 3.0 2.1 7.4 7.3 8.1 5.9 581.6 
PC-50 64.0 380.1 24.0 182.0 2.9 1.8 7.5 7.7 7.6 6.5 579.1 
PC-61 61.8 243.1 21.2 155 5 2.8 2.0 4.4 8.3 8.6 2.7 473.5 
PC-76 65.7 226.6 21.9 110 5 3.0 2.0 4.6 6.4 7.2 2.7 463.3 
PC-79 61.6 243.1 21.0 108.0 2.8 1.8 5.8 7.9 7.6 3.4 472.5 
PC-81 60.6 198.2 21.6 112 3 2.9 1.9 7.3 8.2 8.3 4.1 505.0 
PC-82 63.3 328.4 21.7 150.0 2.8 1.9 5.4 7.5 7.7 3.7 513.3 
PC-83 55.5 227.3 22.6 110.0 2.9 1.9 5.0 8.7 8.7 3.5 573.3 
PC-84 67.4 234.0 24.5 107 5 2.8 1.9 5.0 6.8 6.8 3.1 576.6 
PC-87 68.7 185.8 21.1 105 5 2.7 1.7 4.2 6.8 7.3 4.5 481.8 
PC-94 61.7 181.6 21.2 102 1 2.8 1.9 4.2 6.4 6.7 2.9 573.6 
PC-96 61.9 225.1 23.5 115.6 2.9 2.0 5.8 7.1 7.2 2.8 517.0 
PC-99 61.7 193.3 21.4 105.0 2.8 1.8 4.8 8.1 8.0 2.3 476.6 
Range 50.48-

71.21 
181.67-
390.00 

19.57-24.92 101.33-
182.00 

2.58-3.21 1.52-2.34 3.15-7.92 6.25-
8.78 

6.77-8.78 2.31-6.96 455.83-
581.67 

CD at p=0.05 5.34 18.78 1.26 17.08 0.42 0.41 0.65 5.67 4.01 0 53 12 13 
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Table 3: Pooled analysis of variance for different characters in carrot 
Character Mean squares    

 Years   (1) Replications   
(2) 

Genotypes (47) Genotypes × 
years (47) 

Error   (188) 

Top height 2488** 228.625** 154.698** 34.886** 12.220 
Plant weight 3342** 37.000** 21104.000** 306.425 133.968 

Root length 9.641 92.476** 8.379** 4.168 4.669 
Root weight 100.000 72.500 5153.649** 149.389** 116.434 
Root girth 0.000 0.439** 0.134** 0.139** 0.074 
Core girth 0.018 0.014 0.071** 0.059** 0.051 

Flesh thickness 1.053** 0.168** 0.160** 0.116** 0.047 
Root to top ratio 52.420** 0.066 0.183** 0.217** 0.047 

Total yield 0.796* 0.634** 14.070** 0.267** 0.184 
Marketable yield 6.684** 0.650 11.624** 0.643** 0.275 

Total soluble solids 0.346 0.338 2.524** 0.105 0.179 

Dry matter 2.885** 0.219 1.354** 0.366** 0.096 
Beta carotene content 0.202 0.111 3.484** 2.427** 0.104 

Juice yield 16296** 188.000** 9203.404** 6820.368** 55.801 

*significant at 5% level;   **significant at 1% level 

Table 4: Details of RAPD primers and their amplification details used in 
genetic diversity assessment 

Primer 
designation 

Primer sequence  
(5’ to 3’) 

Total number 
of bands 
amplified 

Number of 
polymorphic 

bands 

Polymorphic 
Information 

Content (PIC) 

Oligo-625 TTACCCACGC 15 15 0.8906 
Oligo-679 AGTTCCAAGC 11 11 0.8303 
Oligo-688 GAGGCTGGGC 18 18 0.8525 
Oligo-691 TGAGTTGGGC 10 10 0.8507 
OPS-01 CTACTGCGCT 11 11 0.8287 
OPS-03 CAGAGGTCCC 11 11 0.8421 
OPS-04 CACCCCCTTG 11 11 0.8459 
OPS-05 TTTGGGGCCT 10 10 0.8332 
OPS-06 GATACCTCGG 10 10 0.8801 
OPS-07 TCCGATGCTG 10 10 0.8548 
OPS-11 AGTCGGGTGG 15 15 0.8916 
OPS-12 CTGGGTGAGT 17 17 0.9205 
OPS-13 GTCGTTCCTG 20 20 0.9371 
OPS-14 AAAGGGGTCC 7 7 0.7805 
OPS-15 CAGTTCACGG 13 13 0.8599 
OPS-16 AGGGGGTTCC 19 19 0.9228 
OPS-17 TGGGGACCAC 7 7 0.8378 
OPS-18 CTGGCGAACT 10 10 0.7769 
OPS-19 GAGTCAGCAG 14 14 0.8942 
OPS-20 TCTGGACGGA 15 15 0.8998 
 Total 254 254  
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Figure 1. Dendrogram on the basis of morphological studies using Jaccard’s Similarity 
Coefficient  

 
Figure 2. Amplification profile of carrot genotypes 
Where, 
M = 1 kb DNA ladder 
C = Negative control 
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Figure 3. Amplification profile of carrot genotypes 
Where, 
M = 1 kb DNA ladder 
C = Negative control 
 

 
Figure 4. Dendrogram based on molecular studies between 48 carrot genotypes 
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YIELD ATTRIBUTES OF RAPESEED UNDER DIFFERENT 
LEVELS OF LIME AND BORON 

R. I. Mondal, F. Begum1, I. M. Saiyed2 
Bangladesh Agricultural Research Institute (BARI), Gazipur- 1701, Bangladesh 

ABSTRACT 
Experiments were conducted at Agriculture Research Station, BARI 
Burirhat, Rangpur during rabi seasons of 2004-05 and 2005-06 to find 
out the effect of lime and boron on the yield and yield attributes of 
mustard variety BARI Sharisha-9. Three levels of boron (0, 1.0 & 2.0 kg 
ha-1) and three levels of lime (0, 1.0 & 2.0 t ha-1) were tested in the study. 
Number of siliqua plant-1, number of seed siliqua-1, 1000 seed weight 
and seed yield ha-1 were significantly influenced by levels of lime and 
boron application. Seed yield significantly increased and yield attributes 
improved with the increasing rate of boron and lime. The highest number 
of siliqua plant-1 (194.6 & 143.66), seeds siliqua-1 (20.9 & 20.2) and 
1000- seed weight (3.3g & 3.2g) were obtained from 2.0 kg ha-1 of boron 
and 2.0 t ha-1 of lime. The highest seed yield 1.83 t ha-1 and 1.75 t ha-1 
were recorded from 2 kg ha-1 of boron and 2 t ha-1 of lime in first and 
second year respectively which were statistically identical with 1 kg 
boron ha-1 and 2 ton lime ha-1 (1.69 & 1.66) but significantly higher over 
control.  
Keyword: Lime,   Boron, Soil pH, Rapeseed and Yield 

INTRODUCTION 
Mustard responds well to chemical fertilizers; and the response is influenced 

by inherent fertility. Among micronutrients, boron deficiency may cause sterility i,e., 
less siliqua, and less seeds per siliqua, attributing lower seed yield (Islam and Anwar, 
1994). Gupta (1980) reported that boron deficiency causes less siliqua formation and 
yield reduction in mustard. The application of boron in combination with sulphur 
caused significant increase in seed yield of mustard (Gupta et al., 1996; Geng et al., 
1998; Hue et al., 1995). Sterility of mustard is an important constraint in the northern 
parts of Bangladesh specially in the greater Rangpur and Dinajpur districts. The soils 
of those areas are mostly sandy loam with low pH (4.0-5.8). Most of the field crops 
including mustard perform best in soil pH that range from 6.0 to 6.8. This pH range 
provides the best balance of available nutrients. When soil pH goes below this range, 
some nutrients become less available (i.e., phosphorus). Some elements such as 
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manganese and aluminum become toxic in highly acid soil. In the northern area, soil 
pH sometimes goes down to 3-4. At this soil condition some nutrients become 
unavailable for the plant. Adding lime can raise soil pH to the ideal range for crop 
production, create an environment for a healthy function of microbes, and increase 
the levels of calcium or magnesium ions in the soil. Availability of boron (B) is 
generally low in acid soils of high rainfall areas because of leaching and adsorption 
by alluminium (Al) and iron (Fe) oxide minerals (Dwivedi et al., 1992). As a result, 
deficiency of essential micronutrients are very pronounced in some parts of the 
country particularly in north western region which causes drastic yield reduction for 
some crops in the recent years.  Boron is an essential micronutrient for mustard 
cultivation, which influences the siliqua bearing and seed formation of mustard. 
Farmers generally do not use boron in the field. Due to deficiency of boron the 
reproductive process of plant is hampered. Variations in lime requirement may occur, 
depending on soil pH and past practices in the field, such as diversified land use and 
cropping system. Very limited information is available regarding the effect of lime 
and boron on mustard yield in Bangladesh. Therefore, the present study was 
undertaken with a view to finding out the optimum rate of lime and boron for 
maximizing the yield of mustard in Tista Flood Plain soil in the northern parts of 
Bangladesh.     

MATERIALS AND METHODS 
Experiments were conducted at Agriculture Research Station, BARI, Burirhat, 

Rangpur during rabi seasons of 2004-05 and 2005-06 for two consecutive years. The 
experimental field was a piece of well drained medium high land with moderately 
even topography. The area belongs to Tista Floodplain (AEZ-3), noncalcareous 
alluvium predominates, acidic in nature, having low organic matter and deficient in 
nitrogen, phosphorus, potassium and boron in comparison with the standard nutrient 
status.    
Table 1: Physical and chemical properties of initial soil samples of the 

experimental field at ARS, Burirhat, BARI, Rangpur, during 2004-05 
and 2005-06. 

Properties 2004-05 2005-06 Critical level 
O.M (%) 1.25 1.21 - 
NH4 -N(µg g-1) 0.07 0.067 0.12 
P          ,, 12 13.0 14 
S          ,, 11 10.0 14 
Zn        ,, 1.5 2.8 2 
B           ,, 0.05 0.06 0.10 
Ca (Meq 100 g-1) 1.5 1.6 2.0 
Mg         ,, 0.7 0.8 0.8 
K          ,, 0.14 0.17 0.2 
pH 4.5 5.0 - 
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There were two factors - lime and boron application. There were three rates of 
lime viz. 0, 1.0, 2.0 t ha-1 in the form of Dolochun and three rates of boron viz. 0, 0.5 
and 1.0 kg ha-1 in the form of boric acid. Initial soil sample of each plot was analyzed 
for nutritional status (Table 1). Soil pH of the unit plots were collected at three 
different dates during experimentation (Table 2). Fertilizers were applied at the rate 
of 100, 60, 40 and 30 kg ha-1 of N, P2O5, K2O and S, respectively for all the plots. 
Seeds @ 8 kg ha-1 of rapeseed variety BARI Sarisha-9 were sown on 06-11-04 and 
03-11-05. Treatments were assigned following split plot design with liming in the 
main plot and level of boron in the sub plots having three replications. Unit plot size 
was 5m × 4m. Weeding cum thinning was done in two installments during 10-12 
days after emergence (DAE) and 18-20 DAE. Before flowering, i.e. 22-24 DAE, 
during siliqua formation i.e. 50-55 DAE and during siliqua filling stage i.e. 65-70 
DAE adequate soil moisture was maintained by providing irrigation depending on the 
need. Insect and disease control measures were done as per recommendation. At 
harvesting stage 10 randomly selected plants were uprooted from each plot to collect 
data on plant height, number of branches plant, number of siliquae plant-1, 1000-seed 
weight, seed yield per plant and seed yield per hectare. Collected data were analyzed 
statistically. 

RESULTS AND DISCUSSION 
Effect of Lime on Soil pH 

Soil pH of the control plot with no lime was lower than the plot receiving lime 
treatment. The plots receiving higher doses of lime, showed higher soil pH (Table 2). 
The lower soil pH ranging from 3.43 to 4.50 were found in the control plot and 
higher pH ranging from 5.33 to 5.97 were found in the plots applied higher doses of 
lime and boron. Stevens et al., (2003) reported that both 1 and 2 tons acre-1 of lime 
application significantly increased the soil pH at the 0-6 inch soil depth.  Only 2 tons 
acre-1 lime application significantly increased the pH in 6-12 inch soil depth.   
Effect of Lime 

Level of lime significantly influenced the number of siliqua plant-1, number of 
seeds siliqua-1, 1000-seed weight and seed yield ha-1; but plant height, number of seed 
siliqua-1 were not influenced significantly (Table 3). The highest number of siliqua 
plant-1 (175.8 and 134.2) and number of seed siliqua-1 (19.9 and 18.2) were recorded 
from the plants receiving 2.0 t ha-1 of lime, followed by lime at the rate of 1.0 t ha-1. 
The highest seed yield 1.64 and 1.61t ha-1 were obtained from the treatment with 2.0 t 
ha-1 of lime in the first and the second year, respectively. The lowest seed yield 1.38 
and 1.33 t ha-1 were recorded in the control plot. Soil acidity can reduce crop 
production by directly affecting root growth and changing the availability of essential 
nutrients either creating toxicity or deficiency of elements. Liming neutralize soil 
acidity and thereby make balance availability of essential nutrients. Mamo (2009) 
reported that more lime was required to neutralize acidity on a highly buffered soil 
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compared to a less buffered soil. Calcium or lime is a highly required mineral for 
increased peanut yield (Cox et al., 1982). Wiatrak et al. (2006) and Grichar et al., 
2004 also reported that the importance of calcium rate and timing with relationship to 
yield of both Runner and Virginia type peanut. The highest mean yield (1.62 t ha-1) 
was recorded in applied lime at the level of 2.0 t ha-1 which differed noticeably to 
other lime levels and 17% yield increase over no lime application (control).  
Effect of Boron 

The effect of rate of boron showed that yield and yield attributes of mustard, 
like  number of siliqua plant-1, number of seed siliqua-1, 1000-seed weight and seed 
yield ha-1 were significantly influenced whereas, plant height and number of unfilled 
seed siliqua-1 did not vary significantly (Table 4). The highest number of siliqua per 
plant (169.11 and 133.1), number of seed siliqua-1 (19.94 and 18.4), 1000-seed 
weight (3.3 and 3.2 g) and seed yield ha-1 (1.62 and 1.60t ha-1) were recorded with 
application of 2.0 kg ha-1 of boron and statistically identical to the treatment with 1.0 
kg ha-1 of boron during both the years of experimentation. It was also revealed that 
with the increment of boron levels other yield attributing characters were also 
increased. Subbaiah and Mitra (1996) and Shen et al., (1993) suggested that boron 
deficiency could often increase the pollen abortion and lead to significant drop in 
seed production. The seed yield progressively increased with the increase of boron 
level up to 2 kg ha-1. Boron plays important role in the formation of roots, their 
proliferation and improvement in their function activity (Samanta et al., 1993). There 
are numerous reports on the positive response of mustard to B fertilizer (Islam, 2005 
and Saha et al., 2003). The highest mean seed yield (1.61t ha-1) was recorded with the 
application of boron at the rate of 2 kg ha-1, which was significantly higher than other 
boron levels and 17% yield increase over no application of boron.   
Interaction of effect Lime and Boron  

The yield of rapeseed was significantly influenced by different treatment 
combinations. Significant variations in siliqua plant-1, filled grains siliqua-1 and 1000-
seed weight markedly contributed towards the yield of mustard. However, the highest 
siliqua per plant (194.6 & 143.66) were recorded in the treatment 2.0 ton lime and 2.0 
kg boron per hectare in both the years which were significantly higher over the 
untreated control plants (Table 5). The seed yields increased significantly with the 
increment of lime and boron levels in both the years. The highest rate of lime (2.0 t 
ha-1) along with boron (2.0 kg ha-1), sharply contribute to maximum seed yield of 
rapeseed. The highest seed yield (1.83 t ha-1 and 1.75 t ha-1) were recorded from the 
treatment combination 2 kg ha-1 of boron and 2 t ha-1 of lime in both the years. 

CONCLUSION 
It can be concluded from the two years study that 2.0 tons lime in combination with 1 
kg boron per hectare were found to be suitable for maximizing yield of mustard 
variety BARI Sarisha-9 in non calcareous Tista Flood Plain Soil at Burirhat, 
Rangpur. Therefore, 2 tons lime with 1kg boron per hectare along with the aforesaid 
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blanket dose of other fertilizers may be recommended for sustainable yield of 
rapeseed and to nourish the soil fertility in Noncalcareous Tista Flood Plain Soil of 
Northern region of Bangladesh. 
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Table 2: Soil pH of unit plots at three different dates during experimentation at ARS, Burirhat, BARI, Rangpur 
during rabi seasons of 2004-05 and 2005-06 

Interaction 
of treatments First year Second year 

 D1=3-11-2004 D2=18-12-2004 D3=30-1-2005 D1=3-11-2005 D2=18-12-2005 D3=30-1-2006 

L0B0 3.43 4.2 4.27 3.5 4.4 4.5 
L0B1 3.93 4.7 4.87 4.3 5.3 5.6 
L0B2 3.8 4.63 4.97 4.3 4.5 4.6 
L1B0 3.93 5.57 5.63 4.0 5.7 5.7 
L1B1 4.37 4.97 5.37 4.2 5.6 5.6 
L1B2 4.37 5.7 5.77 4.5 5.7 5.8 
L2B0 4.9 5.67 5.77 4.0 5.5 5.8 
L2B1 5.27 5.8 5.93 5.5 5.7 5.9 
L2B2 5.33 5.90 5.97 5.60 5.80 6.00 

NB. L= Lime,  L0 – 0.0 t ha-1, L1 – 1.0 t ha-1, L2 – 2 t ha-1, B= Boron, Bo – 0.0 kg ha-1, B1 – 1.0 kg ha-1, B2- 2 kg ha-1. 

Table 3: Growth and yield attributes of mustard as influenced by different rates of lime application during rabi 
season, 2004-05 and 2005-06 at ARS, Burirhat, Rangpur. 

Rate of lime (t ha-1) Plant population m-2 Plant height (cm) Number of siliqua plant-1 Number of seeds  siliqua-1 
 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 
0 59 59 108.22 100.21 127.44b 117.2 b 19.46 c 16.1 c 
1 58 60 108.67 103.11 164.78 a 123.6 b 19.57 b 17.4 b 
2 60 59 109.67 105.35 175.78 a 134.2a 19.91 a 18.2 a 
CV% 2.65 2.80 5.61 7.36 4.15 3.09 3.02 4.74 
LSD(.05) 2.1 3.4 1.50 6.40 10.47 6.64 0.33 0.30 
0 2.06a 1.4 a 3.0 b 3.0b 1.38 b 1.33 c 1.35 - 
1 2.07a 1.1b 3.3 a 3.1ab 1.45ab 1.49 b 1.47 8.16 
2 1.92 b 1.1 b 3.2 a 3.2a 1.64 a 1.61 a 1.62 16.67 
CV(%) 3.43 4.74 2.1 2.03 2.10 3.06 - - 
LSD(.05) 0.13 0.28 0.09 0.10 0.17 0.10 - - 



Table 4: Growth and yield attributes of mustard as influenced by different rates of boron application during rabi 
Season, 2004-05 and 2005-06 at ARS, Burirhat, BARI, Rangpur. 

Plant population m-2 Plant height (cm) Number of siliqua plant-1 Number of seed siliqua-1 Rate of Boron (kg ha-1) 

2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 

0 58 59 107.00 101.11 142.22 c 118.8 c 19.39 c 16.1b 

1 59 60 108.78 104.40 156.67 b 123.1b 19.60 b 17.2 b 

2 59 59 111.78 106.51 169.11a 133.1a 19.94 a 18.4a 

CV% 5.34 6.15 7.12 6.23 4.15 3.09 5.64 4.74 

LSD(.05) 2.1 3.4 5.72 6.40 7.17 5.50 0.33 1.10 

0 2.17 1.5 a 3.1 b 2.9 c 1.34 b 1.33 b 1.33 - 

1 1.68 1.1 b 3.2 ab 3.1 b 1.51 a 1.50 a 1.50 11.33 

2 1.00 0.9 c 3.3 a 3.2 a 1.62 a 1.60 a 1.61 17.39 

CV(%) 5.41 6.66 2.11 2.03 2.33 3.06  - - 

LSD(.05) 0.55 0.62 0.18 0.08 0.20 0.23 - - 

 
 
 



Table 5: Interaction effect of lime and boron on the yield and yield attributes of mustard during rabi  season, 
2004-05 and 2005-06 at ARS, Burirhat, BARI, Rangpur. 

Interaction of lime and 
boron 

Plant population m-2 Plant height (cm) Number of siliqua plant-1 Number of filled grains 
siliqua-1 

Lime(t ha-1) X B(kg ha-1) 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 2004-05 2005-06 
L0B0 58 59 107.6a 101.40 b 120.0 e 113.00 c 19.3b 15.70 c 
L0B1 59 60 106.0 b 104.21 ab 128.3 e 114.00 c 20.1a 16.06 c 
L0B2 58 59 111.0 ab 103.11 b 134.0 de 124.66b 20.3a 16.53 bc 
L1B0 60 59 107.3ab 102.51 b 143.3 d 117.00c 19.2bc 16.20cd 
L1B1 59 60 110.3a 104.60 a 172.3 b 123.00bc 19.3b 17.43 b 
L1B2 58 59 111.3a 105.17 a 178.6 b 131.00b 19.5b 18.50 ab 
L2B0 59 58 106.0b 104.14 a 155.0 c 126.66bc 18.8c 16.33 c 
L2B1 58 60 110.0a 107.10 a 177.6 b 132.33b 20.0a 18.00 b 
L2B2 60 58 113.0 a 108.11 a 194.6a 143.66a 20.9a 20.20 a 
CV% 3.21 2.64 2.84 3.12 10.6 3.09 7.2 4.74 
LSD(.05) 2.0 2.2 6.7 4.44 10.10 11.20 1.18 2.10 
L0B0 1.9ab 1.70 a 3.0 d 2.9 c 1.33d 1.24f 1.28 - 
L0B1 2.0a 1.30 b 3.1c 3.1 b 1.41d 1.31f 1.36 5.88 
L0B2 2.2a 1.16 b 3.2b 3.2a 1.45cd 1.44 d 1.44 11.11 
L1B0 2.7a 1.43 ab 3.1c 2.9c 1.34 d 1.30f 1.32 3.03 
L1B1 2.1a 0.96 cd 3.2b 3.1b 1.52c 1.44 d 1.48 13.51 
L1B2 1.3b 0.80 d 3.3a 3.2a 1.62 b  1.62 bc 1.62 20.98 
L2B0 2.4a 1.46 a 3.0d 3.1b 1.43 d 1.39 e 1.41 9.21 
L2B1 1.6b 1.13 bc 3.1c 3.1b 1.69 ab 1.66 ab 1.67 23.35 
L2B2 1.6b 0.80 d 3.3a 3.2a 1.83 a 1.75 a 1.79 28.49 
CV% 5.07 8.66 4.2 2.03 7.79 3.06 - - 
LSD(.05) 00.81 0.30 0.09 0.08 0.20 0.10 - - 

NB. L= Lime,  L0 – 0.0 t ha-1, L1 – 1.0 t ha-1, L2 – 2 t ha-1, B= Boron, Bo – 0.0kg ha-1, B1 – 1.0kg ha-1, B2- 2 kg ha-1 
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SURVIVAL OF Phytophthora parasitica CAUSING FOOT 
AND LEAF ROT OF BETELVINE UNDER DIFFERENT 
SOIL pH, MOISTURE AND TEMPERATURE REGIMES 

B. Dasgupta1, B. Mohanty and P. Datta 
Department of Plant Pathology, Bidhan Chandra Krishi Viswavidyalaya, 

Mohanpur, Nadia, West Bengal, 741252, India 

ABSTRACT 
The effect of soil pH (5.4, 7.0 and 8.5), soil moisture (air dry, 25, 50 and 
100% moisture level) and temperature (10, 20, 30 and 40 0C) on  
survival ability of three isolates of Phytophthora parasitica (P21, P13, P8) 
causing foot rot and leaf rot of betelvine was investigated under control 
condition. Population of the pathogen increased up to first 2 weeks and 
then decreased gradually and disappeared within 13 weeks. This may be 
due to the germination of different spore forms and subsequent 
proliferation under natural condition with or without food base. 
Phytophthora could survive more than 10 weeks at moderate soil 
moisture level (50%) and at a temperature range of 10-30 0C. High 
temperature of >40 0C is unfavourable for the survival of P. parasitica. At 
50% moisture, isolates 21 and 13 survived up to 13 weeks at 30 0C, 
while at 10 0C, all these isolates survived up to 14 weeks and at pH 5.4 
all isolates had higher growth.    
Key words: Soil chemical and physical properties, survival, 
Phytophthora parasitica  

INTRODUCTION 
Betelvine suffers from many root and aerial diseases. The serious diseases 

reported include a foot rot syndrome produced by a number of pathogens including 
Phytophthora parasitica var. piperina, Phytophthora nicotianae var parasitica 
species of Rhizoctonia, Pythium and Sclerotium rolfsii Sace, and foliage diseases like 
leaf rot by Phytophthora parasitica, Phytophthora palmivora, leaf spot and stem 
anthracnose caused by Colletorichum capsici and bacterial leaf spot and stem rot 
caused by Xanthomonas campestries pv. betlicola. Among the pathogens, 
Phytophthora sp. perhaps ranks first in its destructiveness under both field and 
storage conditions. The extent of losses may vary from 30 – 100% in case of foot rot 
and 20 – 40% in case of leaf rot, leading to almost total crop failure (Dasgupta et al., 
2000). 
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 To manage the diseases caused by Phytophthora sp. use of safe fungicides and 
judicious timing of fungicides application are of major importance for this crop. The 
first half of the twentieth century, particularly the second quarter, saw serous 
attempts at scientific diagnosis and management of diseases of betelvine (Dasgupta 
and Sen, 1997). For the pathogen Phytophthora sp. multiple options for management 
have been reported from time to time but none appear to be safe yet and use of 
pesticides needs cautions as the betel leaf is chewed directly after harvest without 
processing. Different workers at different times have recommended different 
chemicals for protecting betelvine from this destructive pathogen. It should be 
mentioned that chemicals so far tested were prophylactic, but none of them could 
eradicate the existing infections. Resistant cultivars in betelvine are very few because 
of cultivation of only male plants and difficulty in generating tissue cultured plants, 
due to the presence of various alkaloids there in (Dasgupta et al., 2000). 

Phytophthora species rarely survives in soil as mycelium, if hosts or plant 
debris are removed from the field, it survives by growing from year to year (Ribeiro, 
1978). However, Newhook (1959) reported that Phytophthora has been found to 
persist in soil for at least two years after the death of trees in conifer forest in the 
form of oospores. Temperature, pH and soil moisture play important role in the 
survival of Phytophthora sp. Thareja et al. 1989 reported that maximum disease 
incidence occurred at 20 – 250C, average relative humidity of > 60%, under high 
rainfall and high soil moisture condition. High temperature (> 400C) is harmful for 
survival of Phytophthora (Hansen and Hamm, 1996), on contrary Wang et.al., 1998 
reported that low temperature is beneficial for Phytophthora survival. 

Regarding the pH, it is very critical for sporangia production of some species 
of Phytophthora. In general, high pH is toxic to sporangia. However, conflicting 
reports exist on the effect of pH for chlamydospore formation. Chee (1973) reported 
that a pH of 5.8 is optimum on the other hand Andrivon (1994) found that pH 5.6 and 
pH 5.4 were not suitable for survival of P. infestans in potato. 
 Soil moisture also plays a vital role in the survival of Phytophthora sp. It has 
been found that disease severity in infested soils increased as flooding frequency 
increased (Fallon et al., 1991). Ristaino et al., (1989) found that less frequent 
irrigation of infested soils of tomato caused a delay in disease appearance i.e. the 
population of Phytophthora sp. remains low. However, survival ability of P. 
parasitica causing foot rot and leaf rot of betelvine in soil is yet to study. 
 Keeping the above facts in mind, the present investigation was undertaken to 
study the influence of soil moisture, pH and temperature, and incubation period on 
the survival of dormant propagules of P. parasitica  

MATERIALS AND METHODS 
Survival ability of P. parasitica was studied at three levels of soil pH (5.4, 7.0 

and 8.5), four levels of soil moisture (air dry, 25, 50 and 100% field capacity) and 
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four levels of incubation temperature (10, 20, 30 and 400C). The soils of experiment 
were collected from red laterite belt of Midnapur district i.e. Jhargram, soil of 
Rajarampur, 24-Parganas (South) and field soil of Simhat, Nadia having pH 5.4, 7.0 
and  8.5, respectively and organic matter content 3g kg-1, 5g kg-1 and 5.5 g kg-1 of soil 
respectively. The pH of soil was determined following the method of Jackson (1973) 
using combined electrode. Soil of each location was air dried to have the required 
moisture levels. After drying soils were ground to powder, sieved (10 mesh) and 
preserved in plastic cups (100 g cup-1).  

Three isolates of P. parasitica (P21, P13 and P8 collected from pan barejas 
situated at Bira, North 24 Parganas, Betelvine Laboratory, BCKV, Kalyani, Nadia 
and pan barejas situated at Virus Research Farm (Bareja II), BCKV, Kalyani, Nadia 
respectively) were grown in glucose nitrate (GN) broth medium for a period of 8 
days for the preparation of their inocula containing mycelia, sporangia and 
chlamydospores. The mycelial mat was finely broken and the inocula were 
thoroughly mixed with powdered, seived air dried soil at the rate of 20 mg 100g-1 of 
soil. After inoculation, the soils were poured into plastic cups (10cm height) at 100g 
per cup and covered with alluminium foil. The cups containing inoculated soil were 
kept in incubators. Temperature levels of the incubators were adjusted to 10, 20, 30 
and 400C. The experiment was laid out in factorial randomized complete block 
design with 3 replications (cups).  

The experimental cups were incubated in the incubators for 15 weeks. The 
populations of propagules of different isolates in the cup soil were recorded every 
week as a function of colony forming units. At the end of each week, soil samples 
were collected from the cups and populations of living propagules were determined 
by ’Serial soil dilution technique’, using carrot agar medium (Tuite,1969). The data 
recorded from the experiment were analyzed statistically for ANOVA. 

RESULTS AND DISCUSSION 
Survival of Isolate P21  

The results on the survival ability of P. parasitica in soil at pH 5.4 (Table 1) showed 
that except at soil temperature of 40 0C, population in terms of cfu (colony forming 
unit) as a function of time increased upto 21 days irrespective of soil moisture  and  
temperature  and  declined  thereafter.  The rate of decrease of cfu was more affected 
by moisture condition of the soil than that of incubation temperature. The rate of 
decrease in population was very rapid in air dried soil and the extent of population 
increase was more in soil with 50% moisture. This was sequentially followed in soils 
with 25% and 100% moisture. In air dry soil the population disappeared within 63 
days, especially at soil temperature 30 0C while in soil at 25, 50 and 100% moisture, 
they have long survival period. Among different incubation temperature a striking 
difference was noted at soil temperature 40 0C where the entire population 
disappeared within a week regardless of moisture status and pH of soil. 
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In soil at pH 7 (Table 2) the pathogen in general had longer survival period. In 
soil at 40 0C the population disappeared earlier irrespective of soil moisture. The 
population disappeared within 70 days in air dry soil of all temperature except 40 0C 
where the entire population disappeared within 14 days (2 weeks) regardless of 
moisture status or pH of the soil. However in soil with 25, 50 and 100% moisture (10 
0C, 20 0C and 30 0C), the pathogen survived for more or less similar period. It was 
found that in all soils (except 40 0C), the initial population increased up to 15 days. 

When survival ability of isolate P21 at pH 8.5 (Table 3) was determined, it was 
found that the trend in respect of survival ability was similar to pH 7. Here the 
population began a count down after 15 days except in soil at temperature 40 0C. In 
air dry soil, population disappeared within 56 days at temperatures 10 0C and 30 0C. 
While at incubation temperature of 20 0C the population disappeared after 63 days. 

From the above results it can be interpreted that the population of the pathogen 
(P21) more rapidly declined in air dry soil than in moist soil. Highest survival was 
recorded in soil with 50% moisture and at 20 0C incubation temperature. 
Survival of Isolate P13  
 From the Table 4 (pH 5.4) it was observed that except 40 0C the population in 
term of ‘cfu’ as a function of time increased up to 21 days, irrespective of soil 
moisture, incubation temperature and declined thereafter. The rate of decrease was 
very rapid in case of air dry soil. The extent of population increase was more in soil 
with 50% moisture content. In air dry soil the population disappeared within 63 days, 
particularly at incubation temperature of 30 0C, while in soils at 25, 50 and 100% 
moisture content they had longer survival period. Among different temperature 
tested, most striking difference was noted at 40 0C, where the entire population 
disappeared within a week regardless of moisture status and pH of soil. 
 In soil with pH 7 (Table 5) similar results were obtained, at 40 0C, where the 
entire population disappeared within 7 days. The rate of population increase was 
found high in 50% moisture content of soil. A rapid rate of decline was observed in 
air dried soil, where the population disappeared within 70 days. 

In soil at pH 8.5 (Table 6) similar trend like those of soil at pH 7 was observed. 
Here also the population increased up to 15 days and declined thereafter. The highest 
population was observed at 50% soil moisture level in all the temperatures except 40 
0C, where population disappeared within the period of 7 days. 
Survival of Isolate P8 
 At pH 5.4, isolate P8 showed a trend of survival ability similar to that as 
observed in isolate P13. Here also the population of the pathogen in terms of ‘cfu’ 
increased 3 weeks at all incubation temperatures, except 40 0C and declined 
thereafter. The rate of population decrease was rapid in air dried soil and more 
survival of population was observed in soil at 50% moisture (Table 7).  
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 In soil with pH 7, the results were similar to those of isolate P21. The 
population increased up to two weeks and declined thereafter at all the temperature 
regimes except at 40 0C, where the population disappeared within a week. The rate of 
increase and survival of population was higher at 50% soil moisture level compared 
to other levels. The rate of population decrease was rapid in air dried soil (Table 8). 
 In soil with pH 8.5, the population of the pathogen increased up to 2 weeks at 
all incubation temperature levels except 40 0C and declined thereafter. The rate of 
population increase was rapid in soil with 50% moisture. Declining rate of population 
was more in air dried soil compared to other moisture levels and temperature (Table 
9). 
 It has been found from the above results that population of P. parasitica the 
causal fungus of betel vine foot and leaf rot, increases initially up to 21 days or 15 
days, the reason may be due to germination of different spore forms and subsequent 
proliferation under natural conditions with or without a food base. It has also been 
found that Phytophthora can survive well in moderate soil moisture conditions (50%) 
and at a temperature range of 10-30 0C. High temperature >40 0C is unfavourable for 
survival of Phytophthora. The findings of the present investigation confirmed the 
findings of Hansen and Hamm (1996). Similar results on P. nicotianae i.e. low 
temperature being beneficial for survival of the pathogen, was recorded by Wang et 
al. (1998). At pH 5.4 all isolates had higher growth. The results obtained are not in 
consonance with the findings of Chee (1973). He reported that a pH of 5.8 is 
optimum and on the other hand Andrivon (1994) found that pH 5.6 and pH 5.4 were 
not suitable for survival of P. infestans in potato. So, contradictory research findings 
were obtained for survival of Phytophthora in different pH.   
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Table  1: Survival of isolate P21 of P. parasitica in soil at pH 5.4 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1  of soils)* 

Temperature 

10 0C 20 0C 30 0C 40 0C 

Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 

0 79 85 99 90 81 87 95 90 80 90 101 93 78 82 91 85 
1 85 92 110 100 90 91 102 97 85 99 112 100 35 47 45 40 
2 91 99 119 107 95 100 120 105 96 108 127 117 0 0 0 0 
3 102 110 125 112 101 109 137 115 102 120 135 125 0 0 0 0 
4 91 101 114 91 85 100 121 102 81 109 120 110 0 0 0 0 
5 80 90 105 70 70 89 104 91 65 95 106 95 0 0 0 0 
6 61 89 90 56 56 76 92 73 40 84 95 82 0 0 0 0 
7 46 76 81 41 40 64 80 57 21 69 81 68 0 0 0 0 
8 38 64 67 30 31 55 69 40 5 55 70 50 0 0 0 0 
9 16 51 58 19 15 47 56 19 0 40 54 34 0 0 0 0 
10 7 39 40 3 3 35 43 8 0 29 40 20 0 0 0 0 
11 0 27 27 1 0 23 30 2 0 12 25 8 0 0 0 0 
12 0 185 20 0 0 13 19 0 0 4 12 2 0 0 0 0 
13 0 3 11 0 0 4 8 0 0 1 4 0 0 0 0 0 
14 0 0 2 0 0 2 3 0 0 0 1 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 

                 

 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP 

SEm (±) 0.83 0.41 0.41 1.66 1.67 0.83 3.32 
C.D. 

(P=0.05) 2 30 1.15 1.15 4.61 4.62 2.30 9.22 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 



Table  2: Survival of isolate P21 of P. parasitica in soil at pH 7.0 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1 of soils)* 
Temperature 

10 0C 20 0C 30 0C 40 0C 
Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 
0 80 85 99 90 83 90 99 95 85 90 100 95 80 857 95 90 
1 87 92 110 100 91 98 110 102 97 101 115 105 40 43 53 49 
2 95 111 125 120 100 117 125 119 100 119 130 127 0 0 0 0 
3 81 100 120 109 87 104 117 110 80 112 121 116 0 0 0 0 
4 73 92 111 99 71 91 110 100 63 100 110 104 0 0 0 0 
5 60 80 105 90 57 76 90 85 41 87 97 91 0 0 0 0 
6 49 72 90 79 32 62 90 71 27 72 81 89 0 0 0 0 
7 32 60 81 67 20 50 89 60 10 58 70 65 0 0 0 0 
8 19 49 67 53 9 37 62 48 4 46 61 53 0 0 0 0 
9 8 32 58 40 4 25 45 31 1 39 57 41 0 0 0 0 
10 3 20 40 29 1 13 32 18 0 30 43 30 0 0 0 0 
11 0 11 27 18 0 6 20 8 0 4 31 13 0 0 0 0 
12 0 5 20 9 0 2 12 3 0 16 21 9 0 0 0 0 
13 0 3 11 5 0 0 7 1 0 3 10 2 0 0 0 0 
14 0 1 2 1 0 0 1 0 0 0 2 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                 
 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP

SEm (±) 0.57 0.25 0.26 1.03 1.03 0.52 2.07 
C.D. 

(P=0.05) 1.43 0.71 0.72 2.87 2.87 1.44 5.74 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 



Table 3: Survival of isolate P21 of P. parasitica in soil at pH 8.5 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1  of soils)* 
Temperature 

10 0C 20 0C 30 0C 40 0C 
Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 
0 80 87 95 91 84 81 97 90 75 81 90 85 65 70 85 74 
1 87 98 117 105 92 99 116 101 83 94 101 97 21 30 32 23 
2 93 110 120 110 101 110 127 117 95 105 120 101 0 0 0 0 
3 80 95 115 100 82 99 115 105 78 90 105 90 0 0 0 0 
4 71 83 101 89 3 79 92 80 40 67 82 65 0 0 0 0 
5 53 70 91 80 39 79 92 80 40 67 82 65 0 0 0 0 
6 40 62 81 69 15 62 81 71 23 55 71 52 0 0 0 0 
7 19 50 67 53 9 45 69 58 9 41 59 40 0 0 0 0 
8 4 36 56 40 4 30 58 49 1 30 45 29 0 0 0 0 
9 0 25 48 31 1 21 43 36 0 18 32 18 0 0 0 0 
10 0 18 30 18 0 14 31 20 0 9 20 9 0 0 0 0 
11 0 10 21 9 0 9 20 12 0 5 9 4 0 0 0 0 
12 0 5 13 1 0 5 10 4 0 1 4 1 0 0 0 0 
13 0 1 4 0 0 1 2 0 0 0 1 0 0 0 0 0 
14 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                 
 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP 

SEm (±) 0.28 0.14 0.15 0.5645 0.57 0.28 1.12 
C.D. 

(P=0.05) 0.79 0.39 0.40 1.56 1.57 0.79 3.12 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 



Table 4: Survival of isolate P13 of P. parasitica in soil at pH 5.4 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1  of soils)* 
Temperature 

10 0C 20 0C 30 0C 40 0C 
Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 
0 71 75 95 80 75 78 93 87 90 97 110 102 65 70 80 85 
1 80 87 100 98 85 87 107 95 97 102 115 111 0 0 0 0 
2 91 95 115 102 92 94 113 102 105 110 125 121 0 0 0 0 
3 100 107 123 109 100 104 129 113 111 119 133 129 0 0 0 0 
4 90 98 111 90 81 97 120 101 80 100 121 117 0 0 0 0 
5 78 87 100 83 69 82 100 87 62 91 100 93 0 0 0 0 
6 59 80 81 61 42 73 89 65 39 81 93 80 0 0 0 0 
7 43 72 72 50 28 60 78 51 20 65 80 63 0 0 0 0 
8 31 61 61 34 23 52 65 38 9 51 72 49 0 0 0 0 
9 12 50 53 14 10 43 53 16 3 38 58 31 0 0 0 0 
10 3 38 34 7 2 30 39 5 0 27 43 19 0 0 0 0 
11 0 23 23 1 0 20 28 1 0 10 28 7 0 0 0 0 
12 0 10 18 0 0 9 15 0 0 3 10 3 0 0 0 0 
13 0 2 9 0 0 5 7 0 0 1 2 0 0 0 0 0 
14 0 0 1 0 0 1 3 0 0 0 1 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                 
 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP 

SEm (±) 0.72 0.36 1.53 1.54 0.82 0.36 3.30 
C.D. 

(P=0.05) 2.03 1.09 4.31 4.32 2.28 1.09 9.20 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 



Table 5: Survival of isolate P13 of P. parasitica in soil at pH 7.0 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1  of soils)* 
Temperature 

10 0C 20 0C 30 0C 40 0C 
Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 
0 82 90 100 93 86 95 85 90 90 85 95 100 71 80 83 90 
1 90 90 105 95 95 104 105 100 102 102 120 102 0 0 0 0 
2 100 121 120 119 105 121 119 114 105 124 125 132 0 0 0 0 
3 76 110 125 114 82 100 108 110 85 114 120 110 0 0 0 0 
4 76 90 110 110 72 90 91 100 60 105 105 104 0 0 0 0 
5 60 75 105 90 52 81 71 85 41 92 102 85 0 0 0 0 
6 44 70 95 74 30 62 64 70 30 72 87 79 0 0 0 0 
7 34 65 81 62 15 55 45 65 12 63 70 60 0 0 0 0 
8 28 54 62 53 4 32 42 48 3 51 62 56 0 0 0 0 
9 8 32 63 35 2 20 30 32 1 44 43 42 0 0 0 0 
10 1 20 35 29 1 10 16 18 0 25 32 30 0 0 0 0 
11 0 12 22 23 0 4 6 10 0 19 22 10 0 0 0 0 
12 0 7 16 14 0 1 2 4 0 11 11 4 0 0 0 0 
13 0 3 9 5 0 0 1 1 0 4 5 1 0 0 0 0 
14 0 1 2 1 0 0 1 0 0 0 1 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                 
 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP 

SEm (±) 5.30 0.21 0.22 1.02 1.03 0.50 2.03 
C.D. 

(P=0.05) 1.47 0.59 0.60 2.86 2.87 1.40 5.53 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 



Table 6: Survival of isolate P13 of P. parasitica in soil at pH 8.5 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1  of soils)* 
Temperature 

10 0C 20 0C 30 0C 40 0C 
Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 
0 85 90 98 89 83 88 95 89 80 89 95 83 72 65 83 74 
1 86 100 120 107 95 93 119 100 90 97 105 99 0 0 0 0 
2 92 111 122 112 98 109 128 116 103 115 119 111 0 0 0 0 
3 75 93 112 99 62 100 110 108 80 90 102 93 0 0 0 0 
4 72 82 100 87 40 87 103 91 56 87 89 70 0 0 0 0 
5 52 68 93 80 24 76 91 83 31 69 80 62 0 0 0 0 
6 39 64 80 71 16 60 80 73 20 51 68 50 0 0 0 0 
7 20 48 64 52 6 45 73 59 7 40 54 41 0 0 0 0 
8 5 33 55 43 2 38 58 46 1 29 41 31 0 0 0 0 
9 0 28 43 29 1 23 48 31 0 14 30 19 0 0 0 0 
10 0 20 32 16 0 10 34 18 0 7 18 9 0 0 0 0 
11 0 8 23 8 0 8 20 9 0 3 9 2 0 0 0 0 
12 0 4 10 2 0 3 9 3 0 1 3 1 0 0 0 0 
13 0 1 3 0 0 1 3 0 0 0 1 0 0 0 0 0 
14 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                 
 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP 

SEm (±) 0.33 0.17 0.17 0.68 0.69 0.34 1.17 
C.D. 

(P=0.05) 0.82 0.49 0.49 1.78 1.79 0.82 3.21 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 



Table 7: Survival of isolate P8 of P. parasitica in soil at pH 5.4 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1  of soils)* 
Temperature 

10 0C 20 0C 30 0C 40 0C 
Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 
0 80 79 90 85 79 85 90 85 85 91 105 101 72 75 82 79 
1 92 90 101 97 83 91 101 95 90 102 115 109 0 0 0 0 
2 100 104 117 105 95 102 112 110 98 115 117 118 0 0 0 0 
3 105 111 128 117 103 111 120 115 110 121 131 125 0 0 0 0 
4 90 95 108 98 90 93 110 107 82 105 119 112 0 0 0 0 
5 73 82 99 71 71 80 99 80 60 90 1023 90 0 0 0 0 
6 52 75 78 53 40 71 85 62 41 83 90 82 0 0 0 0 
7 40 63 64 39 23 59 72 48 18 68 81 60 0 0 0 0 
8 28 47 53 22 17 48 63 29 7 57 70 45 0 0 0 0 
9 10 32 48 14 7 37 50 17 2 40 54 30 0 0 0 0 
10 2 19 30 8 1 21 34 3 0 25 42 14 0 0 0 0 
11 0 9 19 1 0 16 20 1 0 12 25 5 0 0 0 0 
12 0 4 11 0 0 7 12 0 0 4 11 2 0 0 0 0 
13 0 1 4 0 0 4 5 0 0 1 3 0 0 0 0 0 
14 0 0 1 0 0 1 1 0 0 0 1 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                 
 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP 

SEm (±) 0.74 0.37 0.36 1.51 1.52 0.81 3.21 
C.D. 

(P=0.05) 2.07 1.10 1.09 4.27 4.29 2.20 9.13 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 



Table 8: Survival of isolate P8 of P. parasitica in soil at pH 7.0 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1 of soils)* 
Temperature 

10 0C 20 0C 30 0C 40 0C 
Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 
0 82 90 98 90 86 95 94 100 90 85 95 100 75 82 100 90 
1 90 119 110 105 92 113 115 104 102 100 120 113 0 0 0 0 
2 100 121 130 125 105 120 130 124 115 124 135 132 0 0 0 0 
3 76 110 115 109 82 108 112 115 85 114 122 114 0 0 0 0 
4 70 90 112 99 70 90 100 95 66 105 115 100 0 0 0 0 
5 60 75 100 87 52 60 94 90 38 93 92 90 0 0 0 0 
6 44 70 85 79 30 55 90 71 22 72 82 84 0 0 0 0 
7 34 65 72 67 15 32 74 55 11 63 65 60 0 0 0 0 
8 19 54 61 56 4 20 60 43 3 51 57 50 0 0 0 0 
9 7 32 49 40 2 10 45 28 1 44 41 42 0 0 0 0 
10 1 18 32 24 1 4 30 16 0 25 29 25 0 0 0 0 
11 0 12 15 13 0 1 15 9 0 19 18 15 0 0 0 0 
12 0 8 11 7 0 0 10 3 0 9 11 7 0 0 0 0 
13 0 5 5 3 0 0 3 1 0 2 7 2 0 0 0 0 
14 0 2 1 1 0 0 1 0 0 0 1 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                 
 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP 

SEm (±) 0.67 0.26 0.26 1.05 1.06 0.57 2.12 
C.D. 

(P=0.05) 1.72 0.72 0.72 2.92 2.93 1.43 5.87 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 



Table 9: Survival of isolate P8 of P. parasitica in soil at pH 8.5 as a function of soil moisture, incubation 
temperature and incubation period  

Mean population (CFU X 101 g-1  of soils)* 
Temperature 

10 0C 20 0C 30 0C 40 0C 
Soil moisture (%) 

Incubation 
period 
(weeks) 

AD 25 50 100 AD 25 50 100 AD 25 50 100 AD 25 50 100 
0 80 85 93 90 88 91 98 95 75 82 93 89 65 74 85 81 
1 85 93 111 103 93 100 112 103 83 98 102 95 0 0 0 0 
2 92 109 120 114 99 112 120 111 97 103 115 110 0 0 0 0 
3 73 90 100 90 60 99 110 100 82 91 100 92 0 0 0 0 
4 61 80 93 81 39 83 9 89 55 83 84 78 0 0 0 0 
5 50 71 89 73 20 74 80 80 30 61 78 61 0 0 0 0 
6 36 62 79 65 12 62 68 71 19 50 62 52 0 0 0 0 
7 17 50 62 51 5 43 59 56 9 38 51 40 0 0 0 0 
8 4 39 51 40 2 34 40 42 2 26 38 29 0 0 0 0 
9 0 26 40 29 1 26 33 32 0 12 27 17 0 0 0 0 
10 0 17 31 14 0 18 29 21 0 6 14 12 0 0 0 0 
11 0 7 20 6 0 9 12 16 0 2 8 4 0 0 0 0 
12 0 3 11 2 0 5 5 7 0 1 2 1 0 0 0 0 
13 0 1 5 0 0 1 1 3 0 0 1 0 0 0 0 0 
14 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 
15 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 
                 
 Incubation period (IP) Temperature (T) Soil moisture (SM) IP × T IP × SM T × SM T × SM × IP

SEm (±) 0.31 0.17 0.18 0.61 0.61 0.31 1.15 
C.D. 

(P=0.05) 0.82 0.46 0.47 1.72 1.72 0.87 3.17 

* Average of three replications, A.D. = Air dry; CFU = Colony forming unit. 
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INTEGRATED FARMING SYSTEM FOR IMPROVING 
LIVELIHOOD OF SMALL FARMERS OF WESTERN 

PLAIN ZONE OF UTTAR PRADESH, INDIA 

J. P. Singh, B. Gangwar, S. A. Kochewad1 and D. K. Pandey 
Project Directorate for Farming Systems Research Modipuram, Meerut, Uttar Pradesh -250110, India 

ABSTRACT 
Integrated farming system (IFS) comprising the components like crop, 
dairy, fishery, horticulture and apiary rearing was undertaken at the 
Project Directorate on farming system Research Modipuram, Meerut, 
Uttar Pradesh, India, during 2004-05 to 2009-10. The integrated farming 
system approach recorded higher productivity, profitability and 
employment generation. Among the components evaluated, the relative 
share of different component in the order of merit were from dairy (48 %), 
crop (41 %), horticulture (6 %) followed by fish (3.0 %) and apiary (2 %)  
The net returns obtained from different components were Rs.87029, 
Rs.74435, Rs.10263, Rs.4947, Rs.4204, respectively of which total 
return from IFS unit per year (1.4 ha) was Rs.135826. The employment 
generation man days ha-1year-1 through crop, dairy, horticulture, fishery 
and apiary was to the tune of 315, 189, 100, 42 and 38, respectively 
resulting employment generation of 684 man days year-1. Efficient 
nutrient recycling made the model sustainable and eco-friendly. 
Key words: Integrated farming system, Small land holders, Livelihood, 
Sustainability 

INTRODUCTION 
The research studies conducted in India and aboard had made it very clear that 

the efforts made towards single commodity based developmental activities could not 
achieve desired results and sustainability. Integrated farming system approach is not 
only a reliable way of obtaining a fairly high productivity with substantial fertilizer 
economy but also a concept of ecological soundness, leading to sustainable 
agriculture. The farm holding in India has been declining over years, and about 80 
out of 105 million operational holdings are below the size of 1 ha (Mahapatra and 
Bapat, 1992). Integrated farming system can enhance the productivity and 
profitability of prevailing farming systems by proper integration of additional 
enterprises, to ensure livelihood security of marginal and small farmers and 
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simultaneously securing agricultural sustainability and eco-friendly environment. 
Marginal and small farmers constitute 76% of farmers in India. More than 97 million 
farmers in India are cultivating only 29% of the consolidated and scattered arable 
land. Most of them are resource poor and surviving in risk prone environment. 
Different farming systems have been developed and being practiced by the farmers 
indigenously without any rationale for utilizing the residues arising out of cropping 
/animals raising and other associated enterprises at farm. The income from average 
farmers from cropping alone is hardly sufficient to sustain their family. Dairy 
irrespective of kind of animals and their breeds has been an integral part of prevailing 
farming system across the country. Integrated farming system modules developed in 
different parts of country including Dairy, Duckery, Poultry, Horticulture, Apiary, 
and Fishery has been found to increase profit as compared to cropping alone. 
Jayanthi et al., (2001), Singh et al., (2007) and Channabasavanna et al., (2009) were 
also of similar opinion. With the view to developing profitable model of integrated 
farming system for small land holders of western U.P. an attempt was made to 
evaluate the related issues. 

MATERIALS AND METHODS 
Studies were initiated in 2004-05 at Project Directorate on farming system 

Research Modipuram, Meerut, Uttar Pradesh with component comprising Cropping, 
Dairy, Fishery, Horticulture and Apiary considering the households needs as prime 
importance and ultimate profit. Out of 1.4 hectare of area as representatively 0.72 ha 
was put under crop cultivation consisting of component I: The major crop sugarcane 
was planted in two main sowing seasons i.e., spring (second fortnight of February) 
and summer (after harvest of wheat crop- Late April to first week of May) and rest of 
the crops (Table-3) according to their growing seasons (Kharif crops; June to July, 
Rabicrops ;October to December and spring crops; February to March). while 0.22ha 
was allotted for the multistoried unit of horticulture (Component II) containing a 
mixed plantation of perennial fruit of Mangifera indica, Psidium guajava, Pyrus 
communis and Citrus limonium  species and short duration fruit papaya as intercrop 
fruit in between the rows of perennial fruits along with a number of short duration 
vegetables and fodder crops were also grown under canopy cover of these fruit trees. 
This orchard area surrounded by live multifarious fence planting was bushy trees 
Carisa caronda at a plant to plant distance of one meter. The main fruit trees 
Mangifera indica and Psidium guajava were planted in March, 2004 and intercrop 
fruit Carica papaya in April, 2004. In addition to papaya, other intercrops vegetables, 
flowers and leguminous fodder berseem were planted in different dates as per their 
cropping seasons. Component III: Dairy was started in March 2005 with purchasing 
of three dairy animals (two buffaloes; Murrah breed and one cow; Sahiwal breed). To 
ensure supply of green fodders around the year an area of 0.32 ha was placed under 
fodder crops rotated with other field crops in different crop sequences. Component 
IV: Besides, Apiary was initiated with 10 bee boxes in April, 2004 and the unit was 
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enraged to 25 bee boxes later on.   Component V: The component involving fishery a 
mix of rohu, catla, mrigal and grass carp and common carp, etc.  in a fish pond of 
0.10 ha was started in April, 2004 included to ensure multiple use of water. 
Component VI: The fruit plant of common use and requiring less care Eugenia 
jambolan, Aegle marmelos, Artocarpus heterophyllus and Citrus limonium were also 
planted all around the boundaries, in first two years of establishment of the IFS 
model . Component VII: All the dung, farm waste and crop were recorded and 
properly recycled by composting FYM and /or turned out into the soil. Even the 
animal wash and urine was mixed directly into the fish pond ensuring utilization of 
every product and byproduct. The standard and recommended practices were 
followed for each and every component of integrated farming system model. The 
farm activities were carried out by a farm family of six member housed at the unit. 
The net saving was calculated after deducting the total value of family consumption 
from the net returns. Cost of production included all the fixed and variable cost 
including the inputs, labour, bank interest and land value. 

RESULTS AND DISCUSSION 
Productivity and Profitability  

Among the different cropping systems included in the farming system model 
development programme, Rice (var. Basmati)-Potato-Marigold with maximum 
Sugarcane Equivalent Yield (SEY) 164.54, net return was Rs. 150812 but benefit 
cost ratio was 1.77 which showed lower BCR (2.18) than Sorghum (F)-Rice (hybrid)-
Berseem cropping sequence (Table-1&2). The higher net returns and BCR was due to 
the lower cost of cultivation of fodders included in the system.  Rathore et al., (2008) 
also reported that the fodder crops as better choice than rice.  Maize (Green cobs)- 
Redgram – Wheat crop combinations showed higher BCR (3.12) than the former two 
combinations which might be due to lower cost of cultivation. 
Sorghum/Berseem/Maize (Green crops) could be suited for the farmers having either 
more number of animals or supplying green fodders to the nearby cities.  

Relative efficiency of Different farm enterprises in IFS   
Productivity and monitory gains achieved from different enterprises included in the 
IFS Model is presented in table-3. Recurring expenditure for dairy, crop, fishery, 
horticulture and apiary was Rs.76859, Rs 49801, Rs 8901, Rs 7139 and Rs 5820 
respectively. Gross return for dairy, crop, fishery horticulture and apiary was 
Rs.163888, Rs 124236, Rs 17402, Rs 13848 and Rs 10024, respectively. The net 
returns from crop was Rs 74435, dairy Rs 87029, horticulture Rs 10263, fishery Rs 
4947 and apiary Rs 4204 the maximum net return was from dairy. Rathore et al., 
(2008) also found similar trend. Cost benefit ratio was more in crops 2.50 followed 
by horticulture 2.44, dairy 2.1 apiary 1.73 and fishery 1.56. Employment  
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Table 1: Mean yield of different cropping sequences (2004-2010) 
Sr. 
No. 

Crop sequences No of Crop 
cycles 

completed 

Yield (SEY)
(tha-1year-1) 

1 Sugarcane (Feb) + onion/ tomato-cowpea (GM) 
Sugarcane (Two year rotation) 

3 95.94 

2 Sugarcane (May) +Cowpea (GM)-ratoon-wheat (Two year 
rotation)  

3 86.98 

3 Maize – chickpea+ mustard – maize+ cowpea (GF)  pattern 2 64.03 

4 Maize-Chickpea pattern 2 44.58 

5 Sorghum-blackgram-wheat pattern 2 71.67 

6 Rice – potato- wheat – Sesbania aculeata   (GM)  pattern  2 131.01 

7 Sorghum+Guar–Oats–Maize+Cowpea Pattern 2 50.39 

8 Sorghum-late sorghum-mustard Pattern 2 38.20 

9 Sorghum-mustard pattern 2 51.34 

10 Rice-berseem + mustad- pearlmillet  Pattern 2 100.62 

11 Rice – berseem + mustard pattern 2 62.05 

12 Rice- oats pattern 3 60.17 

13 Rice (basmati) – potato – marigold  Pattern 2 164.54 

14 Sorghum (F) – rice (hybrid) - berseem Pattern 3 146.42 

15 Maize + red gram – wheat  pattern 2 82.23 

SEY=Sugarcane equivalent yield    

generation was more in dairy 315 followed by crop 189, horticulture 100, fishery 42 
and apiary 38 man days ha-1 year-1, respectively. The integration of animal required 
higher man days over conventional system and created employment generation to the 
level of 684mandays ha-1 year-1. The scope of employment distribution round the year 
without much lean and peak demand for labour was also reported by Chinnuswamy, 
(1994) and Rangaswamy et al., (1995). The relative share of different component 
were from crop (41 %), dairy (48 %), horticulture (6 %) followed by fishery (3.0 %) 
and apiary (2 %) respectively. Integrated farming system approach could realize 
higher productivity over conventional sugarcane-ratoon-wheat system. Ravishankar 
et al., (2007) and Jayanthi et al., (2003) also reported similar findings. Bahera and 
Mahapatra (1998) also reported increase in returns through IFS.  Sonjoysha et al., 
(1998) indicated that for irrigated situation rice-fish-vegetables-fruit crops farming 
system was profitable. 
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Table 2: Productivity and profitability of different cropping sequences (Mean 
value of 2004-2010) 

Sr. 
No. 

Crop sequences Gross returns 
(Rs ha-1year-1 

Total cost of 
cultivation 

(Rs ha-1year-1 

Net returns 
(Rs ha-1year-1) 

B:C 

1 Sugarcane (Feb) + onion/ tomato-
cowpea (GM) 
Sugarcane (Two year rotation) 

201474 137587 63887 1.46 

2 Sugarcane (May) +Cowpea (GM)-
ratoon-wheat (Two year rotation)  

182658 128840 53818 1.42 

3 Maize – chickpea+ mustard – 
maize+ cowpea (GF)  pattern 

134463 98814 35649 1.36 

4 Maize-Chickpea pattern 97997 79566 18431 1.23 

5 Sorghum-blackgram-wheat pattern 150507 108064 42443 1.39 

6 Rice – potato- wheat – Sesbania 
aculeata   (GM) pattern  

275121 227809 47312 1.21 

7 Sorghum+Guar–Oats–
Maize+Cowpea Pattern 

105819 73057 32762 1.45 

8 Sorghum-late sorghum-mustard  
Pattern 

80220 64070 16150 1.25 

9 Sorghum-mustard pattern 107814 67964 39850 1.59 

10 Rice-berseem + mustad- pearlmillet  
 Pattern 

211302 141140 70162 1.50 

11 Rice – berseem + mustard pattern 130305 93793 36512 1.39 

12 Rice- oats pattern 126357 87006 39351 1.45 

13 Rice (basmati) – potato – marigold    
Pattern 

345534 194722 150812 1.77 

14 Sorghum (F) – rice (hybrid) - 
berseem Pattern 

307482 140845 166637 2.18 

15 Maize + red gram – wheat  pattern 181564 58221 123343 3.12 

Nutrient Recycling in IFS 
The available organic sources of nutrients at farm and realizable quantities of 
nutrients (Table-4) revealed that more than 36% of total annual NPK requirements of 
field and plantation crops could be met within the system. Average total NPK need of 
the system tried in the IFS model were 285.5, 116.3 and 109.9 kg ha-1, respectively. 
In addition to above, silt of fish pond was also excavated and mixed in to soil once in 
three years. A total amount of 18.56 kg N, 6.21 kg P and 74.24 kg K was also added  
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Table 3: Productivity and Profitability of Different Components in Integrated 
Farming System (2004-2010)  

Components  
of IFS 

Total cost of 
production 

(Rs) 

Gross 
return 

(Rs) 

Net return
(Rs) 

Benefit Cost 
Ratio 

Additional employment 
generation (Man days 

ha-1 year-1) 

Crops 49801 1, 24,236 74435 2.50 189 

Dairy  76859 1, 63,888 87029 2.10 315 

Horticulture 7139 17,402 10263 2.44 100 

Fishery 8901 13,848 4947 1.56 42 

Apiary 5820 10,024 4204 1.73 38 

Total IFS 193574 3, 29,400 135826 1.71 684 

by excavation of 15 cm deep ground soil surface of 800 m2 pond area saving an 
amount of about rupees nine hundred fifty. The OC% of the pond soil was as high as 
1.20 with an average value of 0.95.  This nutrient budgeting clearly advocates the self 
sustainability of the system which will not only reduce the dependency on the 
external inputs but will also save money to be spent on costly chemical fertilizers. In 
this way IFS approach met challenges of organic farming to a great extent and in 
subsequent years whole the system can be converted in to organic farming through 
IFS activities. Rathore et. al., (2008) reported that integration exploits the 
complementarities and synergisms that result from the various combinations of crops 
and livestock in spatial and temporal arrangements. Thus the equilibrium between 
different components of farming system helped in bringing complementarities and 
synergisms which resulted in high productivity.  

Solaiappan et al., (2007) found that the effective recycling of organic residues 
and animal wastes from different IFS components, the soil fertility improved with 
higher values of organic C, soil N, P and K nutrients of the fields with different IFS 
components. 

Livelihood security and prosperity 
The system could produce all the annual requirement of food for human beings 

and green and dry fodders for animals required for a seven member family. The 
annual requirements  calculated as per the standard given by Swaminathan (1998) for 
different commodities including cereals, oilseeds, pulses, sugarcane, fruits, 
vegetables milk, were 1.55, 0.13, 0.20, 1.60,0.20,0.90 and1.12 tons year-1, 
respectively.  The availability of food from the system was 3.28, 0.19, 0.42, 24.10,  
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Table 4: Nutrient budgeting under Integrated Farming System  

Source of nutrients and per 
cent nutrient content (N:P:K) 
on dry wt. basis 

Available
quantity 

(kg) 

Approximate 
released quantity

of nutrient N 
(kg) 

Approximate 
released quantity

of nutrient P 
(kg) 

Approximate 
released quantity

of nutrient K 
(kg) 

Green manure crops     
Sesbania spp. 
(1.29:0.36:1.64) 

8800 18.9 5.3 24.0 

Cowpea 
(1.29:0.36:1.64) 

8500 18.3 5.1 23.2 

Crop residues (dry wt.)     
Sugarcane leaves 
(0.4:0.18:1.28) 

900 3.6 1.6 11.5 

Arhar leaves 
(1.29:0.36:1.64) 

232 3.0 0.8 3.8 

Potato leaves 
(0.52:0.21:1.06) 

1450 7.5 3.0 15.4 

Cow dung (dry wt.)  
                   (0.4: 1.2 : 1.9) 

17600 70.4 211.0 334.0 

Total - 121.7 226.8 411.9 

Considering 30% use 
efficiency of released 
NPK through organic 
sources  

-      36.51 68.0        123.6 

Nutrient requirement/year 
(field + plantation crops) 

- 285.3 116.3        109.9 

1.55, 3.13 and 5.91 tons year-1 respectively (Table-5). The system also 
produced green fodder 60.44 tons and 7.25 tons dry fodder for dairy animals against 
the actual demand of 30 tons and 6 tons per year. In addition to this, there is a net 
saving of about Rs. 28557 year-1 for other requirement of small family. The 
employment generated in the IFS system is 684 man days year-1 and these man days 
were met out through family members as most of the farm activities/ operations were 
performed by the family members holds at the unit. In this way, the expenditure 
incurred on farm labour directly or indirectly (Rs. 88920-1 year-1) could result in a 
saving to the family where net saving was more than required for livelihood analysis 
(Rs. 28557 year-1).  
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Table  5: Livelihood analysis of an IFS model 

Farm Produce/ 
Commodities 

Production of different  
Farm 

Commoditiestons 
Year-1 

Annual Demand of 
a Seven Member 

Indian 
Families(tons ) 

Surplus for Sale in 
Market(tons) 

Cereals 3.28 1.55 1.73 
Oilseed 0.19 0.13 0.06 
Pulses 0.42 0.2 0.22 

Green Fodders(for 
animals) 60.44 30.00 30.44 

Dry Fodders(for 
animals) 7.25 6.00 1.25 

Sugarcane 24.10 1.6 22.50 
Fruits 1.55 0.2 1.35 

Vegetable 3.13 0.9 2.23 
Milk 5.91 1.12 4.79 

Fishes 0.21 Nil 0.21 
Honey 0.18 0.02 0.16 

Gross Value of 
Farm Produce 

3, 29,400 107269 222131 

Cultivation Cost 193574   
Net Return 135826   
Net Saving 28557   

Net Saving= Net Return - Annual demand of a seven member Indian family 

CONCLUSION 
The results of the study highlighted the importance of an IFS approach in 

Indian agriculture particularly in case of small farm holders. This approach not only 
fulfill the household needs of a family but also help in keeping the people away from 
the hazards of residual toxicity of the chemicals being used in agriculture on a large 
scale and keep the environment safe by way of increased use of organic sources of 
the fertilizers. There are great opportunities of additional employment generation 
which will reduce the migration of rural population to urban area. This system will 
provide nutritional security, sustainable growth and bring prosperity to the farmers. 
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ABSTRACT 
A field experiment was conducted at the Regional Agricultural Research 
Station, Ishurdi, Pabna in Bangladesh during 2008-2009 and 2009-2010 
to find out the response of garlic to different levels of zinc and boron 
under zero tillage mulched cultivation along with a blanket dose of 155-
35-125-20 kg N-P-K-S ha-1 for higher bulb yield. Four levels of zinc (0, 1, 
2 and 3 kg ha-1) and four levels of boron (0, 1, 2 and 3 kg ha-1) were 
assigned in a split plot design with three replications. The highest bulb 
yield of 6.84 t ha-1 was obtained with the application of 2 kg Zn ha-1. 
Among the boron levels application of 1 kg B ha-1 gave the highest bulb 
yield of 6.95 t ha-1. The interaction of zinc and boron also influenced the 
bulb yield of garlic. Application of 2 kg Zn with 1 kg B ha-1 gave the 
highest bulb yield of 7.53 t ha-1 with highest gross return (Tk.451800 ha-

1), gross margin (Tk.337412 ha-1) and benefit cost ratio (3.95). Yield 
response to both zinc and boron was quadratic in nature, and indicated 
that maximum yield could be obtained by the estimated optimum doses 
of 2.11 kg Zn and 1.35 kg B ha-1 along with the blanket dose of 155-35-
125-20 kg N-P-K-S ha-1 and further increase in Zn and B level over the 
optimum dose would reduce bulb yield. 
Key words: Garlic, zinc, boron, zero tillage, mulched cultivation 

INTRODUCTION 
Garlic is generally cultivated through conventional tillage of land preparation. 

In many areas farmers cultivate garlic after harvest of T-aman rice especially in 
Chalan Beel area of Gurudaspur (Natore) of Bangladesh. But the time taken for land 
preparation, causes delayed planting, and reduced bulb yield. In these circumstances, 
it can be cultivated under zero tillage condition after receding of flood water from 
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deep water rice field. Reasons for the low yield of garlic are mainly due to depletion 
of macro and micro nutrients from the soil, use of low yielding varieties, lack of 
knowledge with low or no inputs and poor management practices. Information about 
optimum dose of zinc and boron for zero tillage garlic cultivation is not available. On 
the other hand, soil moisture conservation through straw mulching is the prime factor 
for zero tillage garlic cultivation. In addition to moisture conservation straw mulch 
suppresses weed growth effectively in garlic (Ibrahim, 1994; Karaye and Yakubu, 
2006). Garlic is sensitive to moisture stress and high temperature and about 60% 
reduction in yield has been associated with water stress (Miko et al., 2000; Bello, 
2001). Farmers of Chalan Beel area of Gurudaspur (Natore) of Bangladesh generally 
use N, P, K and S fertilizers similar to other field crops using basal and top dressing 
method over straw mulch and application of micro-nutrients is very limited. Zinc is a 
micro-nutrient which is required for plant growth and development relatively in small 
amount. Zinc gets involved in a diverse range of enzymes system. Among micro-
nutrients, Zn was found to increase the plant growth, yield and dry matter contents of 
onion (Jitendra et al., 1991). On the other hand B is another micro-nutrient, required 
in very small quantity. It is an important element in cell development and elongation, 
nitrogen and carbohydrate metabolism, amino acid formation, protein synthesis and 
water relation in plant growth (Brady, 1990). A boron deficiency causes a virtual 
decline in starch and sugar production, results new growth and development, and 
affects Ca and K uptake, transpiration, and nutrient translocations in photosynthesis 
(Tisdale and Nelson, 1985). Application of boron can increase bulb size, number of 
clove/bulb and yield of garlic (Ahmed, 1998). In addition to N, P, K and S, 
application of zinc and boron can increase the efficiency of chemical fertilizer and 
also improve the soil condition for the production of crop (Bhuiyan, 1994). B 
influenced the absorption of N, P, K and its deficiency changed the equilibrium of 
optimum of these three macronutrients. Recent agricultural experiment has proven 
that Zn and B are limiting for successful crop production in both upland and wet land 
soil. However, micro nutrients particularly zinc and boron fertilizer application under 
zero tillage mulched condition is not clear to the farmers. Hence, optimum dose of 
zinc and boron fertilizer need to be evaluated for higher yield of garlic under zero 
tillage mulched condition.  

MATERIALS AND METHODS 
The experiment was conducted at the Regional Agricultural Research Station, 

BARI, Ishurdi, Pabna, Bangladesh during rabi season of 2008-2009 and 2009-2010. 
The soil was clay loam in texture having 7.16 PH, 0.87% organic matter, 0.049% total 
nitrogen, 11µgml-1 available phosphorus, 0.12 meq 100g-1  soil available potassium, 
13 µg ml-1  sulphur, 0.19 µg ml-1  boron and 1.8 µg ml-1  zinc. Four levels of zinc viz.; 
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0, 1, 2 and 3 kg ha-1 and four levels of boron viz.; 0, 1, 2 and 3 kg ha-1 were assigned 
in a split plot design with three replications. The zinc was assigned to the main plot 
and boron level was allotted to the subplot. The unit plot size was 3m ×3m. The clove 
was planted in line by dibbling maintaining 15 cm ×10 cm plant spacing on the 
muddy soil just 2 to 3 days after harvesting T-aman rice. Then the muddy soil surface 
was covered with rice straw. Planting was done manually using one clove per hole. 
The local variety of garlic was used in the study. The crop was fertilized as per 
treatments with a blanket dose of 155-35-125-20 kg N-P-K-S ha-1. Zinc sulphate 
(ZnSO4) and boric acid were used as source of Zn and B fertilizer, respectively.  One 
third nitrogen was applied as basal and two thirds were top dressed in two equal 
installments at 25 and 50 days after emergence. Other fertilizers were applied on the 
muddy soil as basal before planting and covering the soil surface by rice straw. One 
weeding was done 30 days after emergence. The crop was planted on 14 November 
2008 and 17 November 2009 and harvested 7 April 2009 and 29 March 2010, 
respectively. Data on yield and yield components were recorded and analyzed 
statistically. Values were adjudged by LSD at 0.05 level of probability. The optimum 
level of nutrient elements was calculated from simple polynomial regression equation 
i.e., Y = a + bx – cx2. Here, Y = dependent variable (yield attributes), a = Intercept 
(constant), b and c are the regression coefficients and x = Independent variable 
(nutrient element). The optimum levels of nutrient element for maximum yield was 
NO = -b/2c. Prediction of bulb yield was also estimated against optimum nutrient 
levels through developed functional relationship. 

RESULTS AND DISCUSSION 
Effect of Zinc  

Application of zinc significantly influenced the plant height, number of 
clove/bulb, bulb weight, 100-clove weight and bulb yield of garlic (Table 1). 
Application of 2 kg Zn ha-1 produced tallest plant (46.66cm) compared to the height 
of 43.71cm observed in the control (0 kg Zn ha-1). The highest number of cloves per 
bulb (14.78) was recorded with the application of 2 kg Zn ha-1 where as the lowest 
cloves per bulb (13.47) was observed in 0 kg Zn ha-1. Application of 2 kg Zn ha-1 

produced the highest bulb weight of 15.44g compared to control (13.54g). 100-clove 
weight followed similar trend of result as in bulb weight. Maximum 100-clove 
weight (95.72g) was recorded with the application of 2 kg Zn ha-1 compared to 
control (87.24g). Yield per unit area was also remarkably influenced by the 
application zinc fertilizer. The highest bulb yield (6.84 t ha-1) was obtained with the 
application of 2 kg Zn ha-1 which was 11.2% higher than the control (6.15 t ha-1).  
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Table 1: Effect of zinc on the yield components and yield of garlic under zero 
tillage mulched cultivation (Pooled average of 2008-2009 and 2009-2010) 

Zinc level 
 (kg ha-1) 

Plant height 
(cm) 

Clove/bulb 
(no.) 

Bulb weight 
plant-1  (g) 

100-clove 
weight (g) 

Yield  
(t ha-1) 

0 43.71 13.47 13.54 87.24 6.15 
1 44.68 13.95 14.00 92.40 6.42 
2 46.66 14.78 15.44 95.72 6.84 
3 45.14 14.08 14.34 92.65 6.57 

LSD(0 05) 0.77 0.30 0.26 1.38 0.25 
CV (%) 2.70 3.45 2.83 2.38 6.21 

Effect of Boron  
Boron levels also significantly influenced the yield attributing characters viz., 

plant height, number of clove/bulb, bulb weight and 100-clove weight (Table 2).  
Application of 1 kg B ha-1 produced tallest plant height of 47.31cm and was 
significantly better than rest of other boron levels. Similarly maximum number of 
clove/bulb (15.14) was also recorded with the application of 1 kg B ha-1 which was 
12.4 and 13.5% higher than the control and application of 3 kg B ha-1 respectively. 
The highest bulb weight (15.62g) was also observed with the application of 1 kg B 
ha-1 whereas the lowest was recorded in control (13.58g). The highest 100-clove 
weight of 94.92g was obtained with 1 kg B ha-1. Highest bulb yield (6.95 t ha-1) was 
also observed with the application of 1 kg B ha-1 which was 10.5% higher than no 
boron application. Whereas application of boron beyond 1 kg ha-1 gradually reduced 
the bulb yield with the lowest bulb yield (6.17 t ha-1) recorded with the application of 
3 kg B ha-1. Chermsiri et. al., (1995) reported that application of boron sources in 
garlic used promoted plant productivity from 24 to 40% compared with the untreated 
plants. They also reported that the highest yield was obtained at 825 g B ha-1. 

Table 2: Effect of boron on the yield components and yield of garlic under zero 
tillage mulched cultivation (Pooled average of 2008-2009 and 2009-2010) 

Boron level 
(kg ha-1) 

Plant height 
(cm) 

Clove/bulb 
(no.) 

Bulb weight
plant-1  (g) 

100-clove 
weight (g) 

Yield  
(t ha-1) 

0 43.50 13.47 13.58 89.78 6.29 
1 47.31 15.14 15.62 94.92 6.95 
2 45.56 14.34 14.61 93.46 6.56 
3 43.83 13.34 13.52 89.84 6.17 

LSD(0 05) 1.40 0.26 0.34 1.78 0.18 
CV (%) 5.36 3.18 4.12 3.33 4.84 
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Interaction effect  
The interaction of zinc and boron significantly influenced the yield attributes 

and bulb yield of garlic under zero tillage with mulch cover except plant height 
(Table 3). Application of 2 kg Zn along with 1 kg B ha-1 produced highest number of 
clove/bulb (15.89), maximum bulb weight plant-1 (16.95 g) as well as 100-clove 
weight (98.20g). Similarly highest bulb yield of 7.53 t ha-1 was obtained with the 
application of 2 kg Zn along with 1 kg B ha-1, which was 36.4% higher than the 
control. The lowest bulb yield of 5.52 t ha-1 was recorded under the control plot 
receiving no Zn and B fertilizer.  These results are in agreement with the findings of 
Ullah (2003) who reported that 2 kg Zn with 1 kg B ha-1 produced the highest bulb 
yield of onion and intensity of bulb yield increase 44.33% over no Zn and B 
treatment. 

Table 3: Interaction effect of Zn and B fertilizer on the yield components and 
yield of garlic under zero tillage mulched cultivation (Pooled average 
of 2008-2009 and 2009-2010). 

Interaction 
Zn × B  

(kg ha-1) 

Plant height 
(cm) 

Clove/bulb 
(no.) 

Bulb weight 
plant-1  (g) 

100-clove 
weight (g) 

Yield  
(t ha-1) 

Zn0B0 41.70 12.85 12.71 82.50 5.52 
Zn0B1 46.00 14.23 14.34 90.23 6.50 
Zn0B2 44.06 13.53 14.23 88.43 6.38 
Zn0B3 43.10 13.26 12.90 87.80 6.22 
Zn1B0 42.83 13.46 13.14 89.00 6.36 
Zn1B1 46.87 14.83 14.98 94.30 6.92 
Zn1B2 45.73 14.33 14.60 94.50 6.34 
Zn1B3 43.30 13.20 13.28 91.80 6.07 
Zn2B0 44.83 13.75 14.60 94.68 6.70 
Zn2B1 48.66 15.89 16.95 98.20 7.53 
Zn2B2 47.13 15.48 15.67 97.36 6.88 
Zn2B3 46.03 14.00 14.53 92.65 6.27 
Zn3B0 44.63 13.83 13.88 92.95 6.62 
Zn3B1 47.71 15.60 16.20 96.98 6.89 
Zn3B2 45.33 14.02 13.93 93.56 6.65 
Zn3B3 42.90 12.90 13.37 87.13 6.13 

LSD(0 05) NS 0.51 0.69 3.55 0.37 
CV (%) 5.36 3.18 4.12 3.33 4.84 

 

Zn0: 0 kg Zn ha-1, Zn1: 1 kg Zn ha-1 
Zn2: 2 kg Zn ha-1, Zn3: 3 kg Zn ha-1 

 B0: 0 kg Zn ha-1, B1: 1 kg Zn ha-1 
B2: 2 kg Zn ha-1, B3: 3 kg Zn ha-1 
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Economic evaluation 
Garlic crop fertilized with 2 kg Zn and 1 kg B ha-1  along with a blanket dose of 

155-35-125-20 kg N-P-K-S ha-1  under zero tillage with mulch cover gave highest 
gross return (Tk. 451800 ha-1), gross margin (Tk. 337412 ha-1) and BCR (3.95) 
followed by application of 1 kg Zn and 1 kg B ha-1. The lowest gross return (Tk. 
331200 ha-1), gross margin (Tk. 218123 ha-1) and BCR (2.93) were recorded in the 
control plot where no Zn and B fertilizer was applied. 

Table 4: Interaction effect of Zn and B fertilizer application on economics of 
garlic production under zero tillage mulched cultivation (Average of 
two years ) 

Interaction 
Zn × B  

(kg ha-1) 

Gross return 
(Tk. ha-1) 

Variable cost 
(Tk. ha-1) 

Gross margin  
(Tk. ha-1) 

Benefit cost ratio
(BCR) 

Zn0B0 331200 113077 218123 2.93 

Zn0B1 389700 113665 276035 3.43 

Zn0B2 382800 114253 268547 3.35 

Zn0B3 372900 114841 258059 3.25 

Zn1B0 381300 113439 267861 3.36 

Zn1B1 414900 114027 300873 3.64 

Zn1B2 380400 114615 265785 3.32 

Zn1B3 364200 115203 248997 3.16 

Zn2B0 402000 113793 288207 3.53 

Zn2B1 451800 114388 337412 3.95 

Zn2B2 412500 114976 297524 3.59 

Zn2B3 375900 115564 260336 3.25 

Zn3B0 396900 114161 282739 3.48 

Zn3B1 413400 114749 298651 3.60 

Zn3B2 398700 115337 283363 3.46 

Zn3B3 367800 115925 251875 3.17 

*Price of harvested Garlic bulb @ 60000/= per ton, BCR = Gross return ÷ variable cost 

Zn0: 0 kg Zn ha-1, Zn1: 1 kg Zn ha-1 
Zn2: 2 kg Zn ha-1, Zn3: 3 kg Zn ha-1 

 B0: 0 kg Zn ha-1, B1: 1 kg Zn ha-1 
B2: 2 kg Zn ha-1, B3: 3 kg Zn ha-1 
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Functional relationship between bulb yield and applied Zn and B level 
The one factor quadratic functional equation was well fitted to the bulb yield 

data as influenced by different levels of zinc and boron. From the regression 
equation, estimated optimum doses of zinc and boron for maximum yield and their 
corresponding yields were worked out (Table 5). The coefficient of determination 
representing as R2 = 84 and 83 expressed the yield response of garlic about 84% and 
83% due to Zn and B application, respectively. Bulb yield increased 0.571 and 0.704 
kg ha-1 due to application of 1 kg ha-1 of Zn and B, respectively. 
Optimum level of nutrient elements 

By using the developed function, the estimated optimum dose of zinc was 2.11 
kg ha-1 and expected maximum bulb yield was 6.70 t ha-1 (Table 5). In the case of 
boron, optimum dose of 1.35 kg ha-1 could produce the expected maximum bulb yield 
of 6.82 t ha-1. It implies that bulb yield increased with increasing rates of zinc and 
boron up to 2.11 and 1.35 kg ha-1, respectively and further application over the 
optimum level would reduce the bulb yield. 

Table 5: Response function of garlic to Zn and B for bulb yield (Estimated from 
two years average yield data)  

Nutrient Regression equation R2 

 
Optimum 

dose  
(Kg ha-1) 

Maximum bulb 
yield at optimum 

level ( t ha-1) 

Zinc y = 6.106 + 0.571 Zn - 0.135 Zn2 0.84 2.11 6.70 
Boron y = 6.344+ 0.704 B - 0.26 B2 0.83 1.35 6.82 

CONCLUSION 
From the findings of this field experiment it can be concluded that Zn and B is 

an effective fertilizer to increase bulb yield of garlic. The optimum doses of Zn and B 
fertilizer were 2.11 and 1.35 kg ha-1, respectively. Application of Zn above 2.11 kg 
and B 1.35 kg ha-1 caused a reduction in all parameters of yield and bulb yield of 
garlic. So, garlic under zero tillage mulched condition can be grown with application 
of 2.11 kg Zn ha-1 and 1.35 kg B ha-1 along with a blanket dose of 155-35-125-20 kg 
N-P-K-S ha-1 for higher economic return. 
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ABSTRACT 
The study was conducted in the Central Research Station farm of Odisha 
University of Agriculture and Technology, Bhubaneswar, Odisha, India 
during two consecutive winter seasons of 2009-10 and 2010-11 in order 
to evaluate the field efficacy of a new molecule of insecticide 
Cyantraniliprole (CyazypyrTM) (HGW 86) against the thrips, Thrips tabaci 
Lind., vector of Tomato Spotted Wilt Virus  (TSWV) disease. In both 
seasons, significant abundance of thrips was recorded by using higher 
doses (105 and 90 g ai. ha-1) of Cyantraniliprole (0.00-0.87 thrips 5 
leaves-1) and Spinosad 45SC (0.78-0.88 thrips at both 3 DAS (Days After 
Spray) and 7 DAS. Highest reduction of virus infected plants (88.24%) 
was obtained by using the highest dose of Cyantraniliprole (105 g ai. 
ha-1), followed by Spinosad 45SC (86.35%) and Cyantraniliprole (90 g ai. 
ha-1) (86.15 %). The lowest virus infected plant reduction (51.60%) was 
recorded by using Endosulfan 35EC. Coccinellid abundance did not 
differ significantly from that of untreated control except the treatment 
Endosulfan. The results indicated that Cyantraniliprole could be safe 
insecticide to coccinellid predators. Simultaneously higher tomato fruit 
yield (16.65 t ha-1) was obtained by using higher dose of Cyantraniliprole 
(105 g ai. ha-1) followed by 16.26 t ha-1 (90 g ai. ha-1) with yield increase 
(48.90-52.49%) over untreated control. Based on field efficacy and safety 
to coccinellid predators, the insecticide Cyantraniliprole (HGW 86) 10% 
OD @ 90 g ai. ha-1 may be recommended as an alternative of other 
conventional insecticides for the management of tomato thrips and 
TSWV disease.  
Key words: Solanum lycopersicum L., Tomato spotted wilt virus, thrips, 
chemical control. 

INTRODUCTION 
Tomato spotted wilt virus (TSWV) is a thrips-transmitted plant virus capable 

of causing up to 100% yield loss in susceptible crops like Capsicum annuum L., 
                                                 
1 Corresponding author email: hara_agri@yahoo.co.in 
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Solanum lycopersicum L., Nicotiana tabacum L. and Arachis hypogaea L. (Kucharek 
et al., 2000). At least eight species of thrips have been reported to transmit TSWV 
(Whitfield et al., 2005). Thrips as a vector transmit TSWV in a persistent, 
propagative manner and can infect susceptible host plant in as little as 5-10 minutes 
of feeding (Chatzivassiliou, 2005). The short inoculation period makes management 
of TSWV difficult because most conventional insecticides do not kill or debilitate the 
thrips before virus transmission occurs. The present chemical option is the use of 
Neonicotinoid insecticide (e.g.; Imidacloprid) which alters the feeding behaviour of 
thrips (Joost and Riley, 2005), the effectiveness of which is not equal in all 
susceptible crops unless timed properly. Additional novel chemistries for TSWV 
management are therefore desirable because so few options currently exist. The 
anthranillic diamide insecticide Cyantraniliprole which is having a novel mode of 
action collapses the ryanodine receptors in insect muscle cells (IRAC mode of action 
classification, group 28) (IRAC, 2007) leading to impairment of insect muscle 
function, rapid cessation of feeding cell sap and death of insects. Based on the above, 
the study was undertaken i) to evaluate the field efficacy of Cyantraniliprole against 
the thrips (vector of TSWV) in tomato; and ii) to evaluate impact of Cyantraniliprole 
on coccinellid predators. 

MATERIALS AND METHODS 
The study was conducted in the Central Research Station farm of Odisha 

University of Agriculture and Technology, Bhubaneswar, Odisha, India during two 
consecutive winter seasons of 2009-10 and 2010-11. The experiment was designed in 
randomized complete block design with eight treatments replicated three times. 
Tomato hybrid ‘Ruturaj’ was grown in plots measuring 6.5m × 2.4m each with 
spacing of 60cm × 50cm using a fertilizer dose of 125:80:110  N:P2O5:K2O kg ha-1. 
All other agronomic practices were followed for raising the crop as per the 
recommendation for the State. The insecticide treatments were: T1, T2, T3, T4, & T5 = 
Cyantraniliprole (HGW 86) 10% OD @ 45, 60, 75, 90 and 105 g ai. ha-1, 
respectively, T6 = Endosulfan 35EC @ 350 g ai ha-1, T7 = Spinosad 45SC @ 56 g ai. 
ha-1 and T8 = Untreated control. Chemical treatments were applied on appearance of 
the thrips on the crop through foliar spraying with high volume knapsack sprayer 
fitted with hollow cone nozzle, using 500 litres of spray fluid per hectare. Altogether 
three applications were made at 10 days interval. 

Weekly observations were taken on five tagged plants per plot after planting 
tomato crop in the main field. At the first appearance of the thrips (Thrips tabaci 
Lind.) on the same tagged plants, their (nymphs and adults) numbers were recorded 
on five terminal leaves per plant at pre-treatment and at 3 and 7 days after each 
application. To record the number of thrips, the small twig containing five terminal 
leaves in the tagged plant were tapped gently to a black card board and the number of 
nymphs and adults walking over it was visually counted in situ. The observation was 
completed before 8 AM. Besides, the total number of plants showing tospo virus 
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(TSWV) symptoms per plot was recorded on completion of three rounds of sprays 
and the percentage of TSWV infected plants was calculated. The abundance of 
coccinellid beetle, Coccinella septempunctata (lady beetle) was recorded on same 
five tagged plants per plot through visual observation from all treatment plots of field 
efficacy evaluation trial prior to every application and at 0, 3 and 7 days after each 
application. Treatment-wise marketable tomato fruit yield was recorded at each 
picking and a total of five economic pickings were done. The data were transformed 
following Gomez and Gomez (1984) and subjected to analysis of variance 
(ANOVA). 

RESULTS AND DISCUSSION 
Both the numbers of nymphs and adult thrips per 5 terminal leaves per plant 

(i.e., thrips abundance) did not vary at one day before first application of insecticide 
treatments during winter seasons of 2009-10 (5.34-6.64) and 2010-11 (6.14-6.84), 
indicating uniform distribution of the thrips abundance throughout the experimental 
plots (Table 1). In both seasons, all the insecticidal treatments offered significantly 
higher protection to tomato crop from thrips at 3 and 7 days after spraying (DAS) 
compared to untreated control.  

During winter season of 2009-10, the treatments T5 (Cyantraniliprole @ 105 g 
ai. ha-1), T4 (Cyantraniliprole @ 90 g ai. ha-1) and T7 ((Spinosad 45 SC) gave marked 
protection to tomato crop from thrips (0.67 thrips 5 leaves-1 in T5, 0.89 in T4 and 0.78 
in T7) by greatly reducing Tospo virus infected tomato plants (88.24% reduction in 
T5, 85.96% in T4 and 86.31% in T7) over untreated control at 7 DAS. The abundance 
of thrips in T5, T4 and T7 were identical to each other. In the treatments T3 
(Cyantraniliprole @ 75 g ai. ha-1) and T2 (Cyantraniliprole @ 60 g ai. ha-1), the 
numbers of thrips recorded 1.30 and 1.64, respectively, which were also statistically 
identical. The treatments T1 (Cyantraniliprole @ 45 g ai. ha-1) and T6 (Endosulfan 
35EC @ 350 g ai. ha-1 exhibited from 2.87-2.92 numbers of thrips 5 leaves-1, which 
were identical but different from T2 and T3.  

During winter season of 2010-11, similar results (as the first season) were 
observed, indicating consistency in the efficacy of insecticidal treatments for the 
management of thrips and TSWV disease. The treatments T5 (Cyantraniliprole @ 105 
g ai. ha-1), T4 (Cyantraniliprole @ 90 g ai. ha-1) and T7 ((Spinosad 45 SC) offered 
significant protection to tomato crop from thrips (0.74 no. thrips 5 leaves-1 in T5, 0.87 
in T4 and 0.88 in T7) by greatly reducing Tospo virus infected tomato plants (88.24% 
reduction in T5, 86.15% in T4 and 86.35% in T7) over untreated control at 7 DAS. 
The abundance of thrips in T5, T4 and T7 were statistically identical to each other. At 
7 DAS the treatments T3 and T2 had 1.36 and 1.78 numbers of thrips per 5 leaves, 
with identical performance in tomato crop protection. Least control of thrips was 
recorded in the treatments T6 (2.95 no. thrips 5 leaves-1) which was closely followed 
by T1 (2.97 no. thrips 5 leaves-1) at 7 DAS. The highest reduction of Tospo virus 
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infected tomato plants was observed in T5 (88.24%), followed by T7 (86.35%) 
(Table1). Lower doses of Cyantraniliprole (i.e., T4, T3, T2, T1) gave 86.15, 78.10, 
71.40 and 52.20% and Endosulfan 35% EC (350 g ai. ha-1) gave 51.60% infection 
reduction over the control. The anthranillic diamide insecticide group possesses an 
anti-feedant property that differs between chemicals of this group and insects 
(Gonzales-Coloma et al., 1999) which might be the reason of low abundance of 
thrips combined with lower incidence of TSWV in Cyantraniliprole treated tomato 
plots. The present results are in agreement with Jones et al., (2005) who found that 
Spinosad was effective against immature and adult life stages of a related species the 
western flower thrips, Frankliniella occidentalis Pergande infesting cucumber in 
greenhouse. 

The abundance of coccinellid predators also did not vary significantly prior to 
first application of insecticide treatments during two consecutive winter seasons 
(6.26-7.08 in 2009-10; 6.67-7.33 per five plants in 2010-11), suggesting uniform 
distribution of the predator in the experimental plots (Table 2). At 0 DAS after 
insecticide spray, their abundance was statistically identical with untreated control 
except in the insecticide treatment (T6) during two seasons of experimentation. On 
the third and seventh days after spraying, although reduction in their number was 
observed in treated plots but, the abundance of coccinellid beetles did not differ 
significantly from that of untreated control, indicating safety of tested chemicals to 
the predators except Endosulfan. The slight reduction in the coccinellid abundance on 
the third and seventh day after spraying may be attributed to the reduction in prey 
density in both insecticide treatments and untreated control. 

The marketable fruit yield ((13.58-18.05 t ha-1) was recorded higher in all the 
insecticidal treatments during winter seasons of 2009-10 and 2010-11 (11.24-15.26 t 
ha-1) compared to untreated control (11.58 and 10.26 t ha-1, respectively). Among the 
treatments, the maximum marketable tomato fruit yield (18.05 t ha-1) was obtained 
from T5 receiving higher doses of Cyantraniliprole which was closely followed by T4 
during 2009-10. The trend of yield was similar in 2010-11 but yield was reduced due 
to climatic factors. The higher fruit yield in the treatments T5 and T4 was obtained 
due to superior control of thrips vis-a vis reduction in the thrips transmitted TSWV 
infected plants in these two treatments compared to other insecticidal treatments and 
untreated control. The pooled yield data (16.65-16.26 t ha-1) from T5 and T4 also 
revealed similar results establishing superiority of higher doses of the new molecule 
Cyantraniliprole which increased (48.90-52.49%) in fruit yield over untreated 
control.  The results are consistent with the recent study conducted by Jacobson and 
Kennedy (2011). They reported that foliar application of Cyantraniliprole had greatly 
reduced feeding injury by related species of thrips (Frankliniella occidentalis 
Pergande) in chili (Capsicum annuum L.) due to rapid cessation of feeding which 
might be the cause of decreased transmission of TSWV in tomato in the present 
investigation. 
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The efficacy of both Cyantraniliprole @ 105 g ai. ha-1 (T5) and Cyantraniliprole 
@ 90 g ai. ha-1 (T4) was found equally effective for controlling tomato thrips and 
TSWV disease, but Cyantraniliprole (T4) could be cost-effective due to application at 
lower dose and relative safety to the environment. Thus, Cyantraniliprole (HGW 86) 
@ 90 g ai. ha-1 may be recommended as an alternative to other conventional 
insecticides for the management of tomato thrips and thrips-transmitted Tomato 
spotted wilt virus (TSWV) disease.   
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Table 1. Abundance of thrips in tomato under different treatments at Bhubaneswar 
Number of thrips, Thrips tabaci  per 5 terminal leaves 

Winter, 2009-10 Winter, 2010-11 

 

Tr.  

No. 

 

Insecticides 

 

Dose (g 
ai. ha-1) 

1 DBS 3 DAS 7 DAS % reduction 
over untreated 

control 

1 DBS 3 DAS 7 DAS % reduction 
over untreated 

control 

% reduction in 
Tospo virus 

infected plants 

T1 HGW 86 10% OD 45 5 72  (2 49) 1 24  (1 32)c 2 87  (1 83)c 49 65 6 84  (2 71) 1 58  (1 44)c 2 97  (1 86)c 54 09 52 20 

T2 HGW 86 10% OD 60 6 08  (2 56) 0 66  (1 08)b 1 64  (1 46)b 71 23 6 22  (2 59) 0 81  (1 14)b 1 78  (1 51)b 72 49 71 40 

T3 HGW 86 10% OD 75 6 64  (2 67) 0 34  (0 92)b 1 30  (1 34)b 77 19 6 65  (2 67) 0 48  (0 99)b 1 36  (1 36)b 78 98 78 10 

T4 HGW 86 10% OD 90 5 36  (2 42) 0 00  (0 71)a 0 80  (1 14)a 85 96 6 73  (2 69) 0 00  (0 71)a 0 87  (1 17)a 86 55 86 15 

T5 HGW 86 10% OD 105 6 23  (2 59) 0 00  (0 71)a 0 67  (1 08)a 88 24 6 14  (2 58) 0 00  (0 71)a 0 74  (1 11)a 88 56 88 24 

T6 Endosulfan 35%EC 350 5 68  (2 48) 2 17  (1 63)d 2 92  (1 85)c 48 77 6 44  (2 63) 2 31  (1 68)c 2 95  (1 86)c 54 40 51 60 

T7 Spinosad 45% SC  56 5 71  (2 49) 0 00  (0 71)a 0 78  (1 13)a 86 31 6 38  (2 62) 0 00 (0 71)a 0 88  (1 17)a 86 40 86 35 

T8 Untreated Control - 5 34  (2 42) 5 56  (2 46)e 5 70  (2 49)d - 6 26  (2 60) 6 38  (2 62)d 6 47  (2 64)d - - 

 SE (m) + - (0 11) (0 06) (0 08) - (0 07) (0 08) (0 08) - - 

 CD (P=0 05) - (NS) (0 19) (0 24) - (NS) (0 25) (0 23) - - 

Figures in the parentheses are x+0.5 square root transformed values 
Means followed by a common letter in a column are not significantly different from each other 
DBS= Days Before Spraying, DAS= Days After Spraying, NS= Non Significant 

 
 



Table 2.  Abundance of coccinellid predators in tomato under different treatments at Bhubaneswar 

Number of coccinellid predators per 5 plants on Tomato crop 

Winter, 2009-10 Winter, 2010-11 

 
Tr. 
No. 

 
Insecticides 

 
Dose (g 
ai. ha-1)

1 DBS 0 DAS 3 DAS 7 DAS 1 DBS 0 DAS 3 DAS 7 DAS 

T1 HGW 86 10% OD 45 6.84  (2.71) 6.78  (2.70)a 3.72  (2.03)a 3.98  (2.12)a 7.12  (2.76) 7.06  (2.75)a 3.83  (2.03)a 4.08  (2.14)a

T2 HGW 86 10% OD 60 6.52  (2.65) 6.55  (2.65)a 3.45  (1.98)a 3.76  (2.06)a 7.24  (2.78) 7.18  (2.77)a 3.65  (2.04)a 4.12  (2.15)a

T3 HGW 86 10% OD 75 7.08  (2.75) 6.98  (2.73)a 3.67  (2.04)a 3.88  (2.09)a 6.98  (2.73) 6.67  (2.68)a 3.71  (2.05)a 3.77  (2.07)a

T4 HGW 86 10% OD 90 6.34  (2.61) 6.40  (2.63)a 3.58  (2.02)a 4.06  (2.13)a 7.33  (2.81) 7.18  (2.77)a 3.55  (2.01)a 3.67  (2.04)a

T5 HGW 86 10% OD 105 6.67  (2.68) 6.65  (2.67)a 3.77  (2.04)a 4.10  (2.14)a 6.67  (2.68) 6.73  (2.69)a 3.67  (2.04)a 3.83  (2.03)a

T6 Endosulfan 35%EC 350 6.93  (2.72) 2.30  (1.67)b 0.00  (0.71)b 0.67  (1.08)b 6.75  (2.69) 2.12  (1.62)b 0.33  (0.94)b 0.67  (1.08)b

T7 Spinosad 45% SC  56 6.26  (2.60) 6.28  (2.60)a 3.83  (2.08)a 4.12  (2.15)a 6.81  (2.70) 6.67  (2.68)a 3.84  (2.08)a 3.91  (2.10)a

T8 Untreated Control - 6.42  (2.63) 6.38  (2.62)a 4.48  (2.23)a 4.52  (2.24)a 6.67  (2.68) 6.60  (2.66)a 3.92  (2.10)a 4.08  (2.14)a

 SE (m) + - (0.07) (0.05) (0.09) (0.07) (0.06) (0.05) (0.04) (0.05) 

 CD (P=0.05) - (NS) (0.15) (0.26) (0.20) (NS) (0.14) (0.13) (0.16) 

Figures in the parentheses are x+0.5 square root transformed values 
Means followed by a common letter in a column are not significantly different from each other 
DBS= Day Before Spraying, DAS= Days After Spraying, NS= Non Significant 



Table 3. Marketable fruit yield of Tomato under different treatments at Bhubaneswar 
Winter, 2009-10 Winter, 2010-11 Pooled Tr. No. Insecticides Dose (g ai. 

ha-1) Fruit Yield
(t ha-1) 

% increase over 
untreated 

control 

Fruit Yield 
(t ha-1) 

% increase over 
untreated 

control 

Fruit Yield 
(t ha-1) 

% increase over 
untreated 

control 
T1 HGW 86 10% OD 45 13.58d 17.23 11.24d 9.50 12.41d 13.60 
T2 HGW 86 10% OD 60 14.85c 28.24 12.38c 20.61 13.61c 24.65 
T3 HGW 86 10% OD 75 16.21b 39.98 13.59b 32.46 14.90b 36.45 
T4 HGW 86 10% OD 90 17.68a 52.68 14.84a 44.64 16.26a 48.90 
T5 HGW 86 10% OD 105 18.05a 55.83 15.26a 48.73 16.65a 52.49 
T6 Endosulfan 35%EC 350 16.32b 40.93 13.67b 33.23 15.00b 37.32 
T7 Spinosad 45% SC  56 16.57b 43.09 13.86b 35.04 15.21b 39.30 
T8 Untreated Control - 11.58e - 10.26e - 10.92e - 
 SE (m) + - 0.20 - 0.17 - 0.19 - 
 CD (P=0.05) - 0.61 - 0.51 - 0.56 - 

Means followed by a common letter in a column are not significantly different from each other 
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GENETIC VARIABILITY AND CHARACTERS 
ASSOCIATION IN CHILLI (Capsicum annuum L) 

R. K. Singh1 and D. B. Singh2 
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ABSTRACT 
Fifty germplasm of chilli were evaluated to assess the genetic variability 
and association of their different traits during Rabi season in two 
successive years. A very high magnitude of coefficient of variability was 
observed for seed weight per fruit, leaf area, fruit body length, number of 
seeds per fruit, fruit thickness and early fresh fruit yield per plant, while 
moderate to high values were recorded for fruit length, fresh and dry fruit 
yield per plant. High heritability along with high genotypic coefficient of 
variation (GCV) and genetic gain were observed for early fresh fruit yield 
per plant, seed weight per fruit, fruit body length, fruit thickness, number 
of seeds per fruit, fruit length, dry fruit yield per plant and plant canopy 
indicating that the traits were controlled by additive gene and would 
respond very well to continuous selection. In general, genotypic 
correlation coefficients were higher in magnitudes than those of 
phenotypic values. The early fresh fruit yield per plant was positively and 
significantly correlated with number of fruits per plant, fruit body length, 
fruit length, fresh fruit yield per plant, number of seeds per fruit, seed 
weight per fruit and dry fruit yield per plant at both genotypic and 
phenotypic levels at both the years. Findings of the present study  
suggest that traits like fruit length, early fresh fruit yield per plant, number 
of fruits per plant, seed weight per fruit, dry fruit yield per plant and fresh 
fruit yield per plant were the most important traits for improving the chilli 
genotypes while days to 50% flowering, plant height, days to first 
harvest, fruit thickness, number of seeds per fruit and 1000 seed weight 
were considered as second most important characters for applying 
selection in Capsicum genotypes. 
Keywords: Capsicum annuum, chilli, genetic variability, heritability, 
genetic advance and correlation 
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INTRODUCTION 
Chilli is an important vegetable and spice crop. It originated from the tropical 

America where wild forms have been found growing on the banks of Amazon and in 
Eastern Peru. India is a major producer, exporter and consumer of chilli. India the 
secondary center of maximum diversity in capsicum maintains a major collection at 
National Bureau of Plant Genetic Resources (NBPGR), Pusa campus, New Delhi. 
The first task of breeder need to attempt is to build up as large collections of 
germplasm as possible. Very narrow genetic base of this crop could be circumvented 
to certain degree by employing derivatives from crosses with wild species. The green 
chilli is also rich in ‘rutin’ which is of immense pharmaceutical need. An appropriate 
and effective breeding programme for the improvement of chilli necessitates a 
comprehensive knowledge regarding the genetic architecture of the crop and extent 
of genetic variability available for different characters. The choice of breeding 
method either selection or hybridization depends to a great extent on the type of gene 
action governing the characters under improvement. There is a pressing demand for a 
suitable variety which can be achieved effectively by adapting proper breeding 
techniques for which recognition of genotype and quantitative assessment of the 
population for yield and its contributing characters is a prerequisite.  The information 
on genetic parameters such as phenotypic and genotypic variability, heritability, 
genetic advance, and genetic gain among different characters are important 
prerequisites to formulate a successful breeding strategy. The natural genetic 
variation for most of the yield attributes is considerable in the crop and there is need 
for the breeder to restructure the materials for increasing the fruit values and 
productivity. Since most of the economic plant characters are polygenic in nature and 
highly influenced by environment, the knowledge of genetic association between 
yield and its components under different production condition will improve the 
efficiency of breeding programme.  

MATERIALS AND METHODS 
The present investigation was conducted during Rabi season of 2001-02 and 

2002-03, at Department of Horticulture, Allahabad Agricultural Institute (Deemed 
University), Allahabad, Uttar Pradesh. Geographically the experimental farm is 
situated at 25.350 N latitude and 82.250E longitude at an altitude of 78 m above mean 
sea level. This region has a typical subtropical climate with extremes of temperature 
during winter and summer season, 3-50C and 480C respectively.   

The study comprised of a fifty diverse germplasm (Table-1) obtained from 
Pantnagar Centre for Plant Genetic Resources, G. B. Pant University of Agriculture 
and Technology, Udham Singh Nagar, Pantnagar and these were evaluated in a 
randomized block design with three replications. The distances between row and 
within row were 50 x 50 cm. Suitable agronomical practices were adapted during 
raising the crop.  
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 The observations pertaining to the following characters were recorded from ten 
randomly selected plants from each plot viz-days to 50% flowering, plant height 
(cm), leaf area (cm2), plant canopy (cm2), stem diameter (cm), number of primary 
branches per plant, days to first harvest, fruit body length (cm), peduncle length (cm), 
fruit length (cm), fruit thickness (cm), early fresh fruit yield per plant (g), number of 
fruits per plant, number of seeds per fruit, seed weight per fruit (g), 1000 seed weight 
(g), dry fruit yield per plant (g) and fresh fruit yield per plant (g). The data of the two 
years were pooled and analyzed to estimate the extent of variability, heritability, and 
genetic advance as percent of mean, among the genotypes studied. Parameters of 
variability and heritability were estimated as per standard formula. The expected 
genetic advance resulting from selection of five percent superior individuals were 
worked out. The estimate of correlation coefficients (genotypic and phenotypic) was 
performed as per standard method. 

RESULTS AND DISCUSSION 
The data presented in table-2 indicated that in general phenotypic variance for 

all the traits were higher in magnitude than corresponding genotypic variances 
though the differences were not much indicating little environment influence for 
these traits. The phenotypic and genotypic variances were highest (335652.35 and 
302759.35) for plant canopy followed by fresh fruit yield per plant (9135.59 and 
7429.18), early fresh fruit yield per plant (1300.91 and 1182.95), dry fruit yield per 
plant (866.10 and 783.67), number of fruit per plant (747.20 and 615.67) and number 
of seed per fruit (533.79 and 449.32) indicating wide range of variations for these 
traits. Low differences between genotypic and phenotypic variation were observed 
for most of the traits indicating additive gene action for the expression of these traits.  

High differences between genotypic and phenotypic variances were observed 
for days to first harvest, days to 50% flowering and fresh fruit yield per plant, plant 
canopy, number of fruits per plant and plant height. This indicated that environment 
had a great influence in expression of the characters. The magnitudes of genetic and 
environmental effects involved in expression of different characters were determined 
by genotypic and phenotypic coefficient of variation. Genotypic and phenotypic 
variances do not have clear-cut limits and characterization; these parameters are 
considered unsuitable for comparing the populations.  

The magnitude of phenotype coefficient of variation (PCV) was higher than the 
genotype coefficient of variation (GCV) for all the characters indicating 
environmental influences for these traits. A very high magnitude of coefficient of 
variability was observed for seed weight per fruit (46.66 and 43.96%), leaf area 
(44.63 and 38.20%), fruit body length (40.29 and 37.60%), number of seeds per fruit 
(36.96 and 33.93%), fruit thickness (36.78 and 34.95%), and early fresh fruit yield 
per plant (35.62 and 34.00%), while moderate to high values were recorded for fruit 
length (33.47 and 31.51%), dry fruit yield per plant (32.19 and 30.21%), and fresh 
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fruit yield per plant (28.62 and 25.45%), All the above characters are of economic 
importance and there is an ample scope for improvement of these characters through 
selection. Moderate PCV and GCV values were observed in plant canopy, peduncle 
length, number of fruits per plant, plant height, and 1000 seed weight suggesting that 
these traits had less potential for direct selection. Low GCV and PCV recorded for 
days to 50% flowering, stem diameter, number of primary branches per plant and 
days to first harvest indicated that germplasm possessed comparatively low genetic 
variation for these traits.  

The heritable variation can be determined with greater degree of accuracy if 
genetic advance is also studied along with heritability. The high heritability values in 
broad sense are also helpful in selection if coupled with high phenotypic 
performance.  

In the present investigation, high heritability was found for most of the traits. 
High heritability for early fresh fruit yield per plant (91.00%), plant canopy 
(90.35%), 1000 seed weight (89.65%), fruit thickness (88.75%), seed weight per fruit 
(88.70%), fruit length (88.65%, dry fruit yield per plant (88.15%), fruit body length 
(87.10%), number of seeds per fruit (84.30%), number of fruits per plant (82.30%) 
and fresh fruit yield per plant (79.00%). The findings of these studies in respect of 
heritability were in accordance with the reports of Verma et al., (2004) and 
Nandadevi and Hosamani (2003). High heritability for different traits indicated that 
large proportion of phenotypic variance has been attributed to genotypic variance and 
therefore, reliable selection could be made for these traits on the basis of phenotypic 
expression.  

High heritability along with high GCV and genetic gain was observed for early 
fresh fruit yield per plant, seed weight per fruit, fruit body length, fruit thickness, 
number of seeds per fruit, fruit length, dry fruit yield per plant and plant canopy, 
indicating that the traits were controlled by additive gene and would respond very 
well to continuous selection. Results of the present study confirmed the findings of 
Ukkund et al., (2007), Singh and Singh (2010) and Datta et al., (2010). 

Moderate to high heritability, GCV and genetic gain was recorded for leaf area, 
peduncle length, plant height and days to 50% flowering, suggested that these traits 
were controlled by both additive and non-additive gene effect, and thus the reciprocal 
recurrent selection would be suitable breeding procedure to exploit both type of gene 
actions for these characters. 

The characters like stem diameter, number of primary branches per plant and 
days to first harvest exhibited low heritability coupled with low genetic advance, 
which suggested that the said characters were mainly controlled by non-additive gene 
action. Ghai and Thakur (1987), have reported high heritability along with high 
genetic advance for the same characters. The characters, which showed high 
heritability with high genetic advance, would be more amenable to improvement 
through mass selection, progeny selection, or any other, modified selection procedure 
aiming at exploiting the additive variance. 
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Knowledge of association between yield and its component traits and 
interrelationship among themselves may prove fruitful for planning an effective and 
successful breeding programme. In present investigation, the genotypic and 
phenotypic correlation coefficients were worked out in respect of eighteen characters 
in all possible combination in both the years (Table-3 and 4). In general, genotypic 
correlation coefficients were higher in magnitude than their corresponding 
phenotypic values. High genotypic correlation coefficients, suggested that there was 
inherent relationship between the traits under study and environment did not play 
much role in reducing their actual association.  

The early fresh fruit yield per plant was positively and significantly correlated 
with number of fruits per plant, fruit body length, fruit length, fresh fruit yield per 
plant, number of seeds per fruit, seed weight per fruit and dry fruit yield per plant at 
both genotypic and phenotypic levels during both the years. This indicated that 
selection could be practiced on the basis of these traits for improving the fruit yield 
per plant in chilli. Similar results on significant positive association between fresh 
fruit yield per plant were reported by Dahiya et al., (1991). The days to 50% 
flowering was positively correlated with days to first harvest and seed weight per 
fruit at both levels indicating that early flowering gives early fruit. 

The fruit length had positive and significant correlation with early fresh fruit 
yield per plant, number of seeds per fruit, seed weight per fruit, dry fruit yield per 
plant and fresh fruit yield per plant in first year at genotypic and phenotypic levels. 
But negative correlation was also observed for 1000 seed weight. It suggested that 
fruit length increased the fresh fruit yield per plant, number of seeds per fruit and dry 
fruit yield per plant. 

Non-significant positive correlation of fruit yield per plant with days to 50% 
flowering, plant height, leaf area, plant canopy, number of primary branches per 
plant, number of fruits per plant, fruit thickness and 1000 seed weight was observed. 
It indicated that these characters should be taken in selection criteria for improvement 
of fruit yield per plant. Similar results on positive association of number of fruit per 
plant, plant height and 1000 seed weight on fruit yield per plant were also reported by 
several other workers. 

Early fresh fruit yield per plant positively and significantly associated with 
number of seeds per fruit, seed weight per fruit, dry fruit yield per plant and fresh 
fruit yield per plant in both years at genotypic and phenotypic levels. 

In the present investigation, number of fruits per plant constituted a significant 
positive correlation with 1000 seed weight at genotypic and phenotypic levels in first 
year, but seed weight per fruit and fresh fruit yield per plant in second year at 
genotypic and phenotypic levels and genotypic level, respectively. It suggested that 
number of fruits per plant increases the fruit yield per plant and was important 
selection criteria for improving the yield. It also showed a negative correlation with 
1000 seed weight, indicating that the selection for improvement of these characters 
could be practiced independently. 
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With respect to improvement in number of seeds per fruit, significant and 
positive association was observed for seed weight per fruit, dry fruit yield per plant 
and fresh fruit yield per plant both at genotypic and phenotypic levels in both the 
years. Because of strong correlation between these characters it will be conducive for 
selection of plant for high seed yield. 

It was noted that fruit length, early fresh fruit yield per plant, number of fruits 
per plant, seed weight per fruit, dry fruit yield per plant and fresh fruit yield per plant 
were the most important traits for improving the chilli genotypes. While days to 50% 
flowering, plant height, days to first harvest, fruit thickness, number of seeds per fruit 
and 1000 seed weight were considered as the second most important characters for 
applying selection in Capsicum genotypes. 
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Table 1: Genotypes used for the study during both years 

SN  Genotypes SN  Genotypes SN  Genotypes 
1 EC-121489 18 EC-362919 35 EC-391086 
2 EC-246019 19 EC-362920 36 EC-399793 
3 EC-320525 20 EC-362922 37 EC-399795 
4 EC-321442 21 EC-362938 38 ET-43751 
5 EC-339037 22 EC-378624 39 ET-43752 
6 EC-339039 23 EC-378628 40 ET-43753 
7 EC-339046 24 EC-378630 41 ET-43754 
8 EC-339047 25 EC-378631 42 ET-43755 
9 EC-345641 26 EC-378634 43 ET-43756 

10 EC-345656 27 EC-378635 44 ET-43757 
11 EC-362899 28 EC-378636 45 ET-43758 
12 EC-362901 29 EC-382063 46 ET-43759 
13 EC-362904 30 EC-382079 47 ET-43760 
14 EC-362911 31 EC-382140 48 ET-43761 
15 EC-362912 32 EC-386042 49 ET-43762 
16 EC-362913 33 EC-391082 50 ET-43764 
17 EC-362917 34 EC-391083   

 



Table 2: Range, general mean, genotypic, phenotypic coefficient of variation, heritability and genetic advance for 
different traits in chilli (for pooled)   
Traits Range G. Mean S em+- Variance Coefficient of variation H (%) GA GA as % of mean 

    σg σp σe GCV (%) PCV (%)    

Days to 50% flowering 

Plant height (cm)  

Leaf area (cm2) 

Plant canopy (cm2) 

Stem diameter (cm) 

Number of primary branches/plant 

Days to first harvest 

Fruit body length (cm) 

Peduncle length (cm) 

Fruit length (cm) 

Fruit thickness (cm) 

Early fresh fruit yield/plant (g) 

Number of fruits/plant 

Number of seeds/fruit 

Seed weight/fruit (g) 

1000 seed weight (g) 

Dry fruit yield/plant (g) 

Fresh fruit yield/plant (g) 

42 17-53 83 

36 84-79 40 

4 91-21 81 

1378 78-3773 3 

0 94-1 30 

7 23-9 55 

63 41-79 45 

2 47-16 30 

1 58-3 66 

4 23-20 01 

0 71-2 37 

45 10-207 93 

64 58-173 74 

31 18-143 30 

0 14-070 

3 30-5 73 

45 91-187 73 

175 13-566 67 

47 05 

59 96 

13 71 

2097 4 

1 10 

8 12 

71 70 

6 82 

2 63 

9 43 

1 22 

101 37 

109 09 

62 46 

0 29 

4 49 

92 16 

329 21 

1 74 

6 53 

2 22 

146 45 

0 06 

0 45 

2 67 

0 81 

0 34 

0 87 

0 11 

8 58 

9 36 

7 48 

0 04 

0 19 

8 26 

33 66 

6 45 

100 52 

28 29 

302759 35 

0 01 

0 35 

10 12 

6 57 

0 32 

8 82 

0 20 

1182 95 

615 67 

449 32 

0 015 

0 55 

783 67 

7429 18 

11 05 

164 81 

37 33 

335652 35 

0 015 

0 65 

21 01 

7 54 

0 50 

9 95 

0 22 

1300 91 

747 20 

533 79 

0 02 

0 61 

886 10 

9135 59 

4 59 

64 29 

9 04 

32893 0 

0 01 

0 31 

10 88 

0 97 

0 17 

1 13 

0 02 

117 96 

131 53 

84 47 

0 00 

0 06 

102 42 

1706 35 

5 41 

16 57 

38 2 

26 23 

7 29 

7 11 

4 43 

37 60 

21 45 

31 51 

34 95 

34 00 

22 69 

33 93 

43 96 

16 49 

30 21 

25 45 

7 06 

21 39 

44 63 

27 61 

9 95 

9 83 

6 36 

40 29 

26 80 

33 47 

36 78 

35 62 

25 00 

36 96 

46 66 

17 38 

32 19 

28 62 

58 85 

60 20 

72 60 

90 35 

53 75 

52 00 

49 05 

87 10 

64 20 

88 65 

88 75 

91 00 

82 30 

84 30 

88 70 

89 65 

88 15 

79 00 

4 01 

16 01 

9 32 

1076 85

0 12 

0 87 

4 57 

4 93 

0 94 

5 76 

0 85 

67 60 

46 3 

40 07 

0 25 

1 45 

53 93 

156 27 

8 52 

26 61 

68 97 

51 34 

10 98 

10 60 

6 37 

72 28 

35 51 

61 10 

68 50 

66 89 

42 41 

64 15 

85 32 

32 27 

58 42 

46 57 

H- Heritability, GA-Genetic advance 



Table 3: Genotypic (G) and Phenotypic (P) correlation coefficients among different characters of chilli (Capsicum 
annuum L) in 1st year 

SN  2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 
 

10 
 

11 
 

12 
 

13 
 

14 
 

15 
 

16 
 

17 
 

G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 

- 241* 
- 168 
 
  

-0 015 
 0 097 
472** 
 0 288* 
  
  

0 160  
0 157 
594** 
426** 
0 472**   
0 308 * 
 
  
 

 0 135 
-0 015 
-0 062 
-0 047 
 294* 
 0 112 
 0 124   
 0 083  
  
  
 

-0 087 
-0 074 
 0 015 
 0 064 
- 219* 
-0 142 
 0 051 
 0 060 
-0 088   
-0 104   
  
  

381** 
289* 
-0 070 
 0 018 
 0 003 
 0 069 
 0 157 
 0 136 
557** 
298* 
-0 126  
-0 084  
  
   
 

-0 012 
 0 027 
315* 
 0 146 
 0 015 
 0 017 
 0 092 
 0 073 
- 075   
- 082 
 295*  
 0 180 
-0 117  
-0 059  
  
  

-0 148 
-0 120 
 407** 
 0 300* 
-0 263 
-0 147 
 0 215* 
 0 159 
 0 014 
-0 022 
 0 256 
 0 106 
-0 091 
-0 071  
 0 699**   
 0 581**   
  
  

-0 049 
-0 006 
 0 295* 
 0 181  
-0 038 
-0 017 
 0 130 
 0 106 
-0 087        
- 080        
 0 286*  
 0 185 
-0 130 
 0 014 
 0 990**  
 0 978** 
 0 795** 
 0 714** 
  
    
       

0 116 
 0 081 
-0 219 
 0 181 
 0 158 
 0 145 
-0 037 
-0 042 
 303* 
 0 255 
-0 158 
-0 104  
-0 015 
-0 084 
-0 013 
-0 013 
-0 232 
-0 194    
-0 060  
-0 055  
  
  

0 098 
 0 071 
 0 299* 
-0 132 
 0 187 
 0 118 
 0 322* 
 0 316* 
-0 043   
-0 014   
 0 328* 
 0 293* 
-0 191  
 0 165 
 0 351* 
 0 327*  
 0 361* 
 0 308* 
 0 369* 
 0 345* 
 0 017  
 0 004 
  
  
              

-0 020 
-0 013 
 
0 372**
 0 163 
 0 155 
 0 080 
 0 016 
 0 002 
 0 087 
 0 063 
 0 003  
 0 003 
 0 236 
 0 147 
 0 167 
 0 157 
 393** 
 0 352* 
 0 306* 
 0 290 
-0 132 
-0 134 
 0 044   
 0 065 
  
  
             

0 273* 
 0 188 
 0 145 
124  
- 011 
- 015 
0 293* 
0 289* 
- 006  
- 022   
0 190   
0 142 
0 174  
0 110  
787** 
696** 
733** 
537** 
813** 
714** 
- 050  
- 051 
522** 
462** 
 0 310*  
 0 251* 
 

0 302* 
 0 286* 
 0 070 
 0 065 
-0 074 
 0 018 
 0 299* 
 0 288* 
 0 035   
 0 036   
 0 200* 
 0 131 
 0 169 
 0 156 
 586** 
 537** 
 518** 
 419** 
 601** 
 549** 
 0 020 
 0 020 
 546** 
 508** 
 0 154 
 0 129 
0 911**      
 0 827** 
  
  
 

0 317* 
 0 247 
-0 152 
-0 111 
-0 195 
-0 145 
 0 144 
 0 114 
 0 025   
 0 026   
 0 088  
 0 043 
 0 241 
 0 131 
-0 299* 
-0 286* 
-0 307* 
 0 299* 
-0 286*  
-0 229 
-0 016 
-0 013 
 0 042 
 0 038 
-0 335* 
-0 295* 
 0 099  
-0 097 
 0 378**  
 0 346* 
  
  
 

0 166 
 0 103 
 0 125 
 0 069 
 0 296* 
 0 180 
 367** 
 0 327* 
 0 036 
 0 072 
 0 307* 
 0 145 
-0 230 
-0 100 
 0 371* 
 0 338* 
 0 295* 
 0 285* 
 375** 
 0 347* 
-0 018 
-0 022 
 932** 
 857** 
 0 015 
 0 033 
 619** 
 516** 
 645** 
 566** 
 0 033   
 0 022 
  
  

0 196 
 0 156 
 0 070 
 0 018 
 0 319* 
 0 234 
 0 164 
 0 122   
-0 020 
-0 009 
 0 158 
 0 135 
-0 294* 
-0 143 
 0 302* 
 0 287* 
 0 345* 
-0 314* 
 0 303* 
 0 288* 
 0 083 
 0 058 
 917** 
 784** 
- 437** 
- 420** 
 427** 
 0 352* 
 468** 
 364** 
 0 095 
 0 067 
 877** 
 725** 

*, ** Significant at 5% and 1% levels, respectively 
1. Days to 50% flowering, 2. Plant height (cm), 3. Leaf area (cm2), 4. Plant canopy (cm2), 5. Stem diameter (cm), 6. Number of primary, branches/plant, 7. Days to first 
harvest, 8. Fruit body length (cm), 9. Peduncle length (cm), 10. Fruit length (cm), 11. Fruit thickness (cm), 12. Early fresh fruit yield /plant (g), 13. Number of 
fruits/plant, 14. Number of seeds/fruit, 15. Seed weight/fruit (g), 16. 1000 seed weight (g), 17. Dry fruit yield/plant (g) and 18. Fresh fruit yield per plant. 

 



Table 4: Genotypic (G) and Phenotypic (P) correlation coefficients among different characters in chilli (Capsicum 
annuum L) in 2nd year 

SN  2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 
1 
 

2 
 

3 
 

4 
 

5 
 

6 
 

7 
 

8 
 

9 
 

10 
 

11 
 

12 
 

13 
 

14 
 

15 
 

16 
 

17 
 

G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 
G 
P 

0 025 
0 043   

0 071 
0 059  
0 124  
0 092   
 

0 183 
0 137 
529** 
389** 
0 151     
0 138  
 
 
 

0 105 
0 072 
0 135 
0 056 
0 014  
- 013   
0 307*  
0 295*  
 
 
 

-0 131 
-0 043 
0 110 
0 034 
0 007 
0 011 
343* 
289*    
376** 
 0 287* 
  
  

0 360* 
 0 197 
 0 151 
 0 150 
 296* 
 0 258 
 0 045 
 0 012        
-0 168 
 0 044   
-0 290*   
-0 154   
  
  

-0 046 
-0 020 
 0 198 
 0 159 
 0 092 
 0 084 
 0 138 
 0 125    
 0 069 
 0 084  
 0 173 
0 111     
-0 134  
-0 045  
  
  

-0 181 
-0 079 
 0 257 
 0 169 
-0 026 
-0 010 
 0 158 
 0 095        
 0 036  
 0 064  
 0 187 
 0 143 
-0 063  
-0 084          
 0 712**   
 0 467** 
  
  

-0 066        
-0 032 
 0 321*       
 0 279 
 0 075        
 0 073        
 0 149        
 0 132        
 0 069  
 0 088 
 0 180 
 0 128  
-0 124  
-0 056 
 0 993** 
 0 981**  
 0 790** 
 0 627** 
  
       
 

0 098 
 0 072 
 0 299* 
 0 137 
 0 170  
 0 151 
 0 176 
 0 138   
 0 174  
 0 114 
 0 053  
 0 048  
 0 292* 
 0 136 
 0 051  
 0 036 
-0 134 
-0 101 
 0 024  
 0 012 
  
  
  
 

0 114 
 0 149 
 0 286*  
 0 198 
 0 033 
 0 033 
376** 
0 286*   
 0 062  
 0 047 
 0 046 
 0 034 
-0 312* 
-0 294* 
 392** 
 367** 
 0 321* 
 0 301* 
 382** 
 368** 
 0 061   
 0 081 
  
   

0 098 
 0 029 
 0 291* 
 0 179 
 0 141 
 0 121  
-0 016 
 0 027     
 0 033 
 0 013 
 -0 014 
 0 039 
 0 344* 
 0 258 
 0 230* 
 0 192 
 0 172 
 0 079  
 0 231* 
 0 187  
 0 111  
 0 088 
 0 109   
 0 081 
  
  
 

0 324*  
0 264 
0 171 
0 143 
0 041 
0 028 
0 275 
0 219        
0 045  
0 044 
0 033 
0 048 
0 095 
0 059 
0 788** 
0 684** 
0 598** 
0 381** 
0 791**  
0 687** 
0 015 
0 019 
0 471** 
0 394**  
0 294*  
0 288* 
  
    

0 338* 
0 265 
0 079 
0 080 
0 059 
0 047 
0 189 
0 155       
0 122 
0 117 
0 001 
0 036 
0 289*  
0 154 
0 660** 
0 567** 
0 503** 
0 034 
0 663** 
0 572** 
0 028 
0 043 
0 365* 
0 315* 
0 401**  
0 362* 
0 951**   
0 870** 
   

0 027 
-0 001 
-0 152 
-0 153 
 0 147 
 0 130 
-0 180 
-0 157    
 0 176  
 0 168 
-0 034  
-0 063 
 405** 
 0 339* 
-0 055 
-0 034 
 -0 067 
 0 330* 
-0 057 
-0 036 
 0 123 
 0 113 
-0 140 
-0 113 
 0 291* 
 0 287* 
 0 057 
 0 065 
 0 330* 
 0 290* 
  
    

0 122 
 0 117 
 0 176 
 0 149 
-0 030 
-0 022 
 0 153 
 0 123       
-0 016 
 0 003 
-0 123 
-0 006 
-0 383* 
-0 303* 
 401** 
 369** 
 0 222* 
-0 136 
 390** 
 0 356* 
-0 007 
 0 024 
 978** 
 913** 
 0 132 
 0 129 
 456** 
 414** 
 0 341* 
 0 322* 
-0 131  
-0 107 
  

0 006 
 0 026 
 0 264* 
 0 230* 
 0 066 
 0 054 
 0 327* 
 0 291* 
-0 053 
-0 041 
 0 012 
 0 019 
-0 377** 
-0 286* 
 0 528** 
 0 458** 
 0 325* 
 0 292* 
 0 518** 
 0 457** 
-0 088 
-0 054 
 0 886** 
 0 825** 
 0 386** 
 0 333* 
 0 576** 
 0 486** 
 0 424** 
 0 394** 
-0 243* 
-0 199 
 0 930** 
 0 847** 

*, ** Significant at 5% and 1% levels, respectively 
1. Days to 50% flowering, 2. Plant height (cm),  3. Leaf area (cm2), 4. Plant canopy (cm2), 5. Stem diameter (cm), 6. Number of primary branches/plant, 7. Days to first 
harvest, 8. Fruit body length (cm), 9. Peduncle length (cm), 10. Fruit length (cm), 11. Fruit thickness (cm), 12. Early fresh fruit yield /plant (g), 13. Number of 
fruits/plant, 14. Number of seeds/fruit, 15. Seed weight/fruit (g), 16. 1000 seed weight (g), 17. Dry fruit yield/plant (g) and 18. Fresh fruit yield per plant. 
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GROWTH AND YIELD OF WHEAT AS AFFECTED BY 
WASTE WATER IRRIGATION UNDER VARYING 

FERTILIZER DOSES 

M. A. Mojid1, S. K. Biswas2 and G. C. L. Wyseure3 
Department of Irrigation and Water Management, Bangladesh Agricultural University, 

Mymensingh 2202, Bangladesh 

ABSTRACT 
An experiment was conducted during November−March of 2008−09 and 
2009−10 at the experimental field of the Bangladesh Agricultural 
University, Mymensingh, Bangladesh to determine the appropriate 
fertilizer dose for wheat by quantifying the fertilizer contribution of 
municipal wastewater (hereafter called wastewater), and to evaluate the 
relative efficacy of nutrients contained in inorganic fertilizers and 
wastewater. The experiment consisted of five treatments − 0, 50,  75 and  
100%  recommended standard fertilizer dose (RSFD, i.e. 120 kg N, 32 
kg P, 62 kg K, 20 kg S, 3 kg Zn and 1 kg B ha-1), in combination with 
irrigation by wastewater, and  RSFD, in combination with irrigation by 
fresh water, as control. Wastewater contributed 20.7, 18.1, 29.6, 23.1, 
1.4 and 93.2% N, P, K, S, Zn and B, respectively of RSFD for wheat 
production. Application of 100% RSFD, in combination with irrigation by 
wastewater, produced the tallest plant (99.5 cm), longest spike (10.2 cm) 
and largest number of spikelet per spike (17.3), whereas 25% reduction 
in RSFD, in combination with irrigation by wastewater, recorded superior 
values of spike per square meter (365) and grain per spike (40.5). 
Application of 50% RSFD, in combination with irrigation by wastewater, 
produced statistically identical crop attributes with that of application of 
100% RSFD in combination with irrigation by fresh water, in most cases. 
Application of 75% RSFD, in combination with irrigation by wastewater, 
produced the highest grain yield (4.388 t ha-1), while application of 100% 
RSFD, in combination with irrigation by wastewater, provided the most 
improved growth attributes and, consequently, the highest straw yield 
(5.802 t ha-1) of wheat. However, caution needs to be taken to make sure 
that pollution level of waste water is within permissible limit before using 
it for irrigation. 
Keywords: Fertilizer, Irrigation, Wastewater, Wheat 
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INTRODUCTION 
Irrigation by (municipal) wastewater has now emerged as a focus of study in 

many developing countries where use of this water by urban and peri-urban farming 
communities is increasingly becoming a livelihood reality. Wastewater contains 
substantial quantity of various nutrients that create hazard, such as eutrophication, if 
disposed off in surface water bodies. But, conservation and proper utilization of these 
nutrients through recycling of wastewater in a soil−plant system can augment soil 
fertility and crop production (Kiziloglu et al., 2007) as well as help minimizing 
environmental pollution (Mohammad and Mazahreh, 2003). So, integrating 
management of wastewater reuse in agricultural water management to minimize 
input fertilizer costs and increase agricultural productivity is gaining interest (Ensink 
et al., 2004; Keraita and Drechsel, 2004). However, it is noted that although 
municipal wastewater (free of industrial effluents) usually does not contain toxic 
substances, it can contain coliform bacteria. So, considering the hygienic aspect, only 
some selective crops can be irrigated by wastewater. 

Use of wastewater in agriculture is an important venture since it is a cheap 
source of water (Mohammad and Mazahreh, 2003). In the context of Bangladesh, the 
motivation in using wastewater is that its densely populated cities produce a large 
quantity of sewage water (725 Mm3, ESCAP, 2000), most of which is discharged into 
surface water bodies with a consequent nuisance to public health and environment. A 
field survey at 12 peri-urban areas in Bangladesh (Mojid et al., 2010) revealed 
irregular and unregulated irrigation by wastewater around the cities. Most farmers, 
irrigating by wastewater, possessed inadequate insight into nutritional value of 
wastewater. Pradhan et al., (2001) irrigating wheat by wastewater under different 
fertilizer doses, demonstrated the necessity of adjustment of fertilizer dose. So, 
management of wastewater for irrigation needs considering the nutrient content of 
wastewater and that present in the soil in relation to the crop’s need (Mohammad and 
Mazahreh, 2003). This study was therefore planned: (i) to determine the appropriate 
fertilizer dose for wheat cultivation by quantifying the contribution of municipal 
wastewater to nutrients, and (ii) to evaluate the relative efficacy of nutrients in 
inorganic fertilizers and wastewater.  

METHODOLOGY 
The experiment on wheat was conducted during two consecutive years 

(November−March of 2008−09 and 2009−10) at the experimental field of the 
Bangladesh Agricultural University, Mymensingh, Bangladesh (24.75oN latitude and 
90.50oE longitude). The soil of the experimental site was silt loam underlain by sandy 
loam belonging to the Old Brahmaputra floodplain (BARC, 2005) with organic 
matter 0.48%, pH 6.8, field capacity 38.19% (v/v), permanent wilting point 18.37% 
(v/v), bulk density 1.33 g cm-3 and electrical conductivity (EC) of saturation extract 
(soil: water = 1: 2.5) 0.62 dS m-1. There was no rainfall in the experimental site 
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during the two wheat seasons in this study. The maximum, minimum and average 
temperature during November – March of the two study years varied from 24.0 to 
32.0, 11.7 to 20.2 and 17.9 to 26.3oC, respectively. The relative humidity during the 
period varied from 73.6 to 87.6%. 

The experiment consisted of four fertilizer doses, in combination with 
irrigation by wastewater and fresh water. The treatments were T1: 0, T2: 50, T3: 75 
and T4: 100% of recommended standard fertilizer dose (RSFD, i.e. 120 kg N, 32 kg 
P, 62 kg K, 20 kg S, 3 kg Zn and 1 kg B ha-1 in the form of Urea, Triple Super 
Phosphate, Muriate of Potash, Gypsum, Zinc Sulphate and Borax, respectively), in 
combination with irrigation by wastewater, and T5: 100% of RSFD, in combination 
with irrigation by fresh water, as control. The experiment was laid out in a 
randomized complete block design (RCBD) with three replications. 

Two-thirds of urea and the entire doses of other fertilizers of the treatments 
were applied to the plots as a basal dose. The remaining urea was top-dressed at 20 
days after sowing (DAS) before first irrigation. Wheat seeds (cv. Shatabdi, @ 120 kg 
ha-1) were sown in 20-cm apart rows and at a depth of 2−3 cm on 1 December in 
2008 and 4 December in 2009. One weeding was done at 20 DAS in both crop 
seasons. An insecticide (Darsbarn) was sprayed to the crops after first irrigation to 
control the prevalence of cut worm. 

Wastewater of Mymensingh municipality was collected from the drainage 
canal at 1.5 km downstream from the outlet of the sewerage system. The water was 
carried in plastic barrels with a truck to the experimental field and stored into a pit 
lined with polyethylene sheet. It was thoroughly mixed, manually, by using a bucket 
to make it a homogeneous mixture. The major chemical properties of the wastewater 
were measured in laboratory following standard procedures, mostly, with a DR/890 
Colorimeter (Hach Co., USA). The concentrations of B, Fe, K, NO3−N, PO4−P, Na, 
Pb, Cu, Zn and Cd in the wastewater were below their threshold values (FAO, 1992; 
GOB, 1997) for safe use in agriculture; only Mn exceeded the allowable limit. The 
EC of fresh water (groundwater extracted by a deep tubewell) was 0.39 dS m-1 and 
that of wastewater varied between 0.55 dS m-1 and 1.05 dS m-1. The EC, which is 
dependent on sodium adsorption ratio (SAR), often exceeded the FAO recommended 
threshold values. The wastewater was slightly alkaline with pH 7.33. There was no 
elevated level of heavy metals in the wastewater since there was no industrial effluent 
in it. The contribution of wastewater to N, P, K, S, Zn and B were determined from 
their concentrations in wastewater and the quantity of this water applied in irrigation. 

Irrigation was scheduled on the basis of the growth stages of wheat: crown root 
initiation (CRI) (17−21 DAS), booting (50−55 DAS), and flowering/early grain 
filling (75−80 DAS). The quantity of irrigation water was calculated by the 
difference in soil-water content at field capacity and that immediate before irrigation. 
The field capacity of the soil was measured in situ only before first irrigation. The 
water contents at field capacity and before irrigations were measured with a Trime 
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FM soil moisture meter (Eijkelkamp, The Netherlands). Irrigation requirement was 
quantified for an effective (average) root zone depth of 60 cm. An (average) equal 
amount of water was applied manually to each plot in a particular irrigation by check 
basin method. The total irrigation was 13.50 cm in the first year and 13.25 cm in the 
second year. 

Leaf area index (LAI) of wheat was determined four times: at tillering (30 
DAS), jointing (48 DAS), flowering (65 DAS) and grain filling (80 DAS) stages 
during each crop season. Above-ground dry matter (ADM) in different plant parts 
was determined five times: at tillering (30 DAS), jointing (48 DAS), flowering (65 
DAS), grain filling (80 DAS) and ripening (110 DAS) stages in each crop season. 
Yield and yield attributing characters were recorded. A combined analysis of 
variance of the growth and yield attributes, grain and biomass yields, and harvest 
index (HI) of wheat for the two years’ experiment was done for the RCB by using the 
R-package Agricolae (de Mendiburu, 2010). 

RESULTS AND DISCUSSION 
Growth and yield attributes 

Application of 75% RSFD and 100% RSFD along with irrigation by 
wastewater (T3 and T4) endowed with the most optimistic but statistically identical 
growth and yield attributes (Table 1) of wheat. Similarly, application of 50% RSFD, 
in combination with irrigation by wastewater (T2), and application of 100% RSFD, in 
combination with irrigation by fresh water (T5), also exhibited identical growth and 
yield attributes. These results demonstrate clear positive effects of wastewater on 
wheat production. On the other hand, irrigation by wastewater without application of 
fertilizer (T1) produced the most inferior crop attributes due to nutrient deficiency. 
The tallest wheat plant (99.5 cm) recorded in the plot treated with 100% RSFD and 
irrigated by wastewater (T4) was 13.5% taller than that receiving no fertilizer (T1). 
This treatment also produced the longest spike (10.16 cm), which was 34% longer 
than that produced by T1. A 25% reduced RSFD along with wastewater irrigation 
(T3) produced the highest spike density (365.2 spikes m-2), being at par (359.2 spikes 
m-2) with 100% RSFD along with fresh water irrigation (T5) with 36 and 34% 
increment, respectively over no fertilizer application (T1). The number of spikelet per 
spike increased from 13.28 with no fertilizer application (T1) to the highest value of 
17.32 with application of 100% RSFD in combination with wastewater (T4). 
However, it decreased by 4% when fresh water was used for irrigation (T5). 
Similarly, the application of 75% RSFD along with wastewater irrigation (T3) 
produced the highest number of grain per spike (40.5), which was 64% higher than 
that with no fertilizer application (T1). Application of 100% RSFD along with 
wastewater irrigation produced the utmost 1000-grain weight (42.41 g) that was 6% 
higher over no fertilizer application (T1). These results clearly demonstrate that 
fertilizer enormously influenced the growth and yield attributes of wheat, and 
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irrigation by wastewater exerted further positive impacts on all crop attributes except 
in T4 where application of 100% RSFD along with irrigation by wastewater caused 
over fertilization and reduced some of the growth and yield attributes. These results 
are intuitively supported by those of Wang et al., (2007) who stated that both 
wastewater and nitrogen positively affect crop yields, and replacing some wastewater 
with freshwater and nitrogen fertilizer increases production. 

Application of 100% RSFD along with wastewater irrigation (T4) produced the 
highest leaf area index (LAI) of wheat, while no fertilizer application (T1) produced 
the lowest LAI (Figure 1) at different growth stages due to nutrient deficiency. The 
LAI for different treatments were identical at 30 DAS, but significantly different at 
the later growth stages. On the two-year average, the LAI increased by 111, 152, 163 
and 148% at 30, 48, 65 and 80 DAS, respectively over no fertilizer application (T1) 
and attained the highest value of 0.57, 2.98, 3.75 and 2.97 at the corresponding 
growth stages with the application of 100% RSFD and wastewater irrigation (T4). 
The first small fertilizer dose, 25% RSFD (T2), significantly improved the LAI at all 
growth stages. The higher (11.5%) LAI with 75% RSFD along with wastewater 
irrigation (T3) than with 100% RSFD along with fresh water irrigation (T5) implies 
that the nutrients contained in wastewater outpaced the imposed 25% deficit in 
fertilizer in T3. This was due to greater recovery of N, P and K by the plants under 
irrigation by wastewater than by fresh water; the higher nutrient recovery resulted in 
the higher accumulation of photosynthates and, ultimately, improved dry matters and 
growth attributes. Application of 100% RSFD along with wastewater irrigation (T4) 
produced the highest LAI of 3.75 at 65 DAS. Although the pattern of variation in 
LAI was identical over the growth stages, the LAI in T1, T2, T3, T4 and T5 was 9.2, 
6.4, 5.7, 7.1 and 5.3%, respectively smaller in 2009−10 than in 2008−09 crop season 
due to general suppression of growth in the second year. The LAI reached the utmost 
value at 65 DAS in all treatments, after which it decreased as the older leaves started 
drying with the advance of time. Serrano et al., (2000) also reported a reduced LAI of 
winter wheat at the later growth stages. 
Dry matter partitioning 

Application of 100% RSFD and irrigation by wastewater (T4) caused 
accumulation of the highest biomass per plant up to 65 DAS (Figure 2). Whereas, at 
80 DAS, the application of 75% RSFD along with wastewater irrigation (T3) 
produced the highest biomass per plant (1.29 g), mainly, due to greater (7.7%) 
biomass of spike per plant than in T4. At this growth stage, assimilates in the leaves 
and stems mobilized to the spike for grain filling, causing greater contribution of the 
spike to dry matter per plant than the stem. At the ripening stage (110 DAS), the 
contribution of spike varied from 53 to 57% of the total biomass among the five 
treatments, with the highest contribution from application of 100% RSFD along with 
fresh water irrigation (T5) and the lowest when no fertilizer was applied (T1). The 
relative contributions of different organs of wheat to biomass were similar in both 
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crop seasons, with the more pronounced effect in 2008−09. The share of leaves to 
biomass was greater than that of the stems at early vegetative stages (30 and 48 
DAS), but the contribution of these organs reversed at the later growth stages. The 
leaves contributed 81, 63, 26, 40 and 14% of the total biomass at 30, 48, 65, 80 and 
110 DAS, respectively. The similar contribution of the stem was 20, 37, 74, 220 and 
66% at the corresponding growth stages. These results are comparable to that of 
Yang et al., (2001) who reported that 75 to 92% of pre-anthesis carbon stored in 
straw was reallocated to the grain at maturity. 
Grain and straw yields 

The grain yield of wheat significantly increased with the application of 
fertilizer (Table 1); it increased by 93, 137, 118 and 127% with application of 50 
(T2), 75 (T3) and 100% (T4) RSFD along with wastewater irrigation and 100% RFSD 
with fresh water irrigation (T5), respectively over no fertilizer application but 
irrigated with wastewater (T1). Application of 75% RSFD along with wastewater 
irrigation (T3) produced statistically identical grain yields (4.39 t ha-1) with that of 
100% RSFD either with wastewater (4.02 t ha-1) or fresh water irrigation (4.19 t ha-1), 
indicating that fertilizer requirement can be reduced by 25% by irrigating with 
wastewater without any compromise in the grain yield of wheat. The enlarged spikes 
with additional spikelets, more grains in the spikes, and augmented 1000-grain 
weight contributed achieving the highest grain yield (4.39 t ha-1) in T3, implying that 
application of 75% RSFD and irrigation by wastewater is the best fertilizer dose 
irrigation combination to maximize grain yield of wheat. A vigorous vegetative 
growth with the tallest plants (99.5 cm), longest spikes (10.16 cm) and largest 
number of spikelet per spike (17.32), on the other hand, contributed achieving the 
highest straw yield when 100% RSFD was applied along with wastewater irrigation 
(T4). The nutrients, present in wastewater, helped improving the growth attributes by 
accumulating photosynthates in the sink, in addition to that due to the applied 
inorganic fertilizers. The improved growth attributes also contributed to increase the 
grain yield. These findings are in agreement with Minhas and Samra (2004) and 
Qadir et al., (2007) who reported obtaining higher yield of wheat under irrigation by 
wastewater than under irrigation by fresh water. Increasing fertilizer dose caused 
persistent increase in harvest index (HI), until the application of 75% RSFD (from 
0.31 in T1 to 0.41 in T3). At 100% RSFD, the HI, although statistically similar, was 
4% smaller under irrigation by wastewater (T4) than under irrigation by fresh water 
(T5), revealing that the relative contribution of wastewater was more in straw 
production than in grain. 

With the recommended standard fertilizer dose (100% RSFD), wastewater 
acted more favorably than fresh water upon the yield and its attributes of wheat. 
Under wastewater irrigation, application of 75% RSFD (T3) produced 9% more grain 
yield than application of 100% RSFD (T4), again demonstrating that 75% RSFD is 
the optimal fertilizer dose under irrigation by wastewater. In T4, the nutrients 
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supplemented by wastewater, although enhanced growth, but failed to boost up the 
yield attributes and thereby the grain yield of wheat. The most improved grain yield 
(4.39 t ha-1) and its attributes were thus obtained with a 25% reduction in RSFD 
along with irrigation by wastewater. In contrast, a 50% reduction in RSFD along with 
irrigation by wastewater (T2) significantly (19%) reduced the grain yield compared to 
that in T3. The nutrients in excess of the crop’s need in T4 caused excessive 
vegetative growth of wheat, as revealed by the large straw yield. The shift of growth 
towards the vegetative part reduced the grain yield, which, consequently, reduced the 
harvest index (Table 1) from 0.411 in T3 to 0.385 in T4. The production of more grain 
yield by application of 75% RSFD along with wastewater irrigation (T3) than by 
application of 100% RFSD along with fresh water irrigation (T5) demonstrate more 
efficacies of nutrients supplemented by wastewater than by the applied inorganic 
fertilizers. 
Grain yield as a function of N, P and K 

Application of 75% RSFD (T3) supplied 160.5 kg NPK ha-1 (N : P : K = 4 : 1 : 
2) (through inorganic fertilizers) and produced the highest grain yield of 4.39 t ha-1 
(Figure 3). Application of 100% RSFD along with fresh water irrigation (T5) 
provided greater yield (4.19 t ha-1) than application of 100% RSFD along with 
wastewater irrigation (T4) (4.02 t ha-1). On the other hand, T3 supplying 25% less 
fertilizer produced 9.2% more yield than T4. The regression of grain yield on NPK 
for the wastewater-irrigated treatments (T1−T4) provides second-degree polynomial 
fitting (Figure 3) with a strong correlation (r2 = 0.91). Table 2 reveals that wastewater 
closely compensated the imposed 25% reduction in fertilizers in T3, and so, the 
quantities of various nutrients supplied to the crop by T3 and T5 are comparable. By 
supplementing additional nutrients, wastewater caused over fertilization in T4, with a 
consequent excessive vegetative growth and yield loss. 
Contribution of wastewater to nutrient requirement 

Wastewater contains N, P, K, S, Zn and B @ 18.39, 4.28, 13.59, 3.42, 0.03 and 
0.69 mg l-1, respectively. These nutrients, through irrigation (13.5 cm in 2008−09 and 
13.25 cm in 2009−10), supplemented 24.83 kg N, 5.78 kg P, 18.35 kg K, 4.62 kg S, 
0.04 kg Zn and 0.93 kg B ha-1, respectively that corresponded to 20.7, 18.1, 29.6, 
23.1, 1.4 and 93.2% of RSFD for wheat production (Table 2). If this contribution of 
wastewater to fertilizer is not taken into account in determining fertilizer 
requirement, over-stimulation and excessive vegetative growth of wheat would cause 
yield loss, as occurred under application of 100% RSFD along with wastewater 
irrigation (T4). Janssen et al., (2005) however articulated that evaluation of 
wastewater as a source of nutrients is not realistic by simple comparison of the 
quantity of nutrients in wastewater and inorganic fertilizers since the efficacy of 
nutrients of the two sources is different. In this study, the grain yield of wheat under 
application of 75% RSFD along with irrigation by wastewater (T3) was higher (9%) 
than that under application of 100% RSFD along with irrigation by wastewater (T4). 
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The yield in T3 was also higher (4.8%) than that under standard practice of 
application of 100% RSFD and irrigation by fresh water (T5). These results confirm 
that wastewater complemented 25% deficit in fertilizer in T3, and the nutrients 
supplemented by wastewater were more effective than those supplied by inorganic 
fertilizers. 
Nutrient supply and uptake 

The nitrogen, N, contents of grains and straw of wheat were significantly lower 
when no fertilizer was applied (T1) than under application of fertilizer (T2−T5) (Table 
3). The highest accumulation of N occurred, both in grain (2.34%) and straw 
(0.72%), when 100% RSFD was applied along with irrigation by wastewater (T4). 
The nitrogen contents in the grain and straw were lower (1.32% for grain and 1.43% 
for straw) under the application of 100% RSFD along with wastewater irrigation (T5) 
than under the application of 100% RSFD along with fresh water irrigation (T3), 
indicating a greater recovery of N under wastewater irrigation. The phosphorus 
contents of the grain and straw significantly increased for the application of ≥75% 
RSFD (T3−T5) and irrigation by wastewater (T3−T4) or fresh water (T5). The 
omission of P (T1) markedly reduced it (12.5%) in straw in the succeeding crop 
season (2009−10) due to its shortage in the soil. The highest P contents, both in grain 
(0.49%) and straw (0.062%), were obtained under application of 100% RSFD and 
wastewater irrigation (T4). A reduction of P in grain by 6.1% and in straw by 4.2% 
under 100% RSFD along with fresh water irrigation (T5) compared to T4 
demonstrates that these amounts of P were recovered from the wastewater applied in 
irrigation. The potassium, K, contents of the grain and straw increased significantly 
for the application of ≥75% RSFD along with irrigation by wastewater (T3 and T4) or 
fresh water (T5) compared to no application of fertilizer (T1), with the highest K 
(0.44% in grain and 1.06% in straw) in T4. Treatments T3−T5 however recorded 
statistically similar K in the grain, and T3 andT5 recorded statistically different K in 
the straw. The impact of fertilizer dose on the nutrient contents of grain and straw 
was found the most predominant for nitrogen. 

CONCLUSION 
Wastewater supplemented 21, 18, 30, 23, 1.4 and 93% of the recommended 

standard dose of N, P, K, S, Zn and B, respectively for wheat cultivation. The higher 
grain yield (9.0 and 4.8%) obtained under 75% RSFD and irrigation by wastewater 
than under 100% RSFD and irrigation by wastewater and fresh water clearly 
indicated more effectiveness of nutrients supplemented by wastewater than those 
supplemented by inorganic fertilizers. Application of 75% RSFD along with 
wastewater irrigation (T3) produced identical grain yields (4.39 t ha-1) with that of 
100% RSFD either with wastewater (4.02 t ha-1) or fresh water irrigation (4.19 t ha-1) 
indicating that 25% fertilizer requirement can be minimized by irrigating with 
wastewater without any compromise in the grain yield of wheat. However, caution 



GROWTH AND YIELD OF WHEAT AS INFLUENCED BY WASTE WATER IRRIGATION 89 

needs to be taken to make sure that pollution level of waste water is within 
permissible limit before using it for irrigation. 
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Table 1: Plant height, yield attributes, grain and straw yields, and harvest 
index of wheat as influenced by fertilizer dose and irrigation water 
quality (Mean of two years data). 

Treatment Plant 
height 
(cm) 

No. of 
spike 
m-2 

Spike 
length 
(cm) 

No. of 
spikelet
spike-1 

No. of 
grain 
spike-1 

1000-grain 
weight 

(g) 

Grain 
yield 

(t ha-1)

Straw 
yield 

(t ha-1) 

Harvest 
index 

T1 87.7a 268.5a 7.57a 13.28a 24.77a 39.95a 1.848a 3.722a 0.314a 

T2 94.6b 311.3a 9.61b 16.02b 34.35b 42.73b 3.567b 4.667ab 0.404b 

T3 98.7c 365.2a 10.05bc 17.23b 40.50c 42.16bc 4.388c 5.695c 0.411b 

T4 99.5c 351.8a 10.16c 17.32b 40.23c 42.31bc 4.023bc 5.802c 0.385b 

T5 96.5bc 359.2a 9.72bc 16.63b 38.37c 41.31c 4.187bc 5.630bc 0.400b 

HSD0 05 3.09 105.59 0.544 1.632 3.488 1.315 0.6983 0.9717 0.051 

Common letter(s) within the same column do not differ significantly at 5% level of 
significance. 
T1: 0 (nil), T2: 50%, T3: 75% and T4: 100% of recommended standard fertilizer dose (RSFD, 
i.e. 120 kg N, 32 kg P, 62 kg K, 20 kg S, 3 kg Zn and 1 kg B ha-1), in combination with 
irrigation by (municipal) wastewater, and T5: RSFD, in combination with irrigation by fresh 
water. 

Table 2: Contribution of municipal wastewater to macro- and micro-nutrient 
requirements of wheat. 

Nutrients Nutrient 
requirement of 

wheat 
(kg ha-1) 

Nutrient 
concentration  in 

wastewater 
(mg l-1) 

Nutrient 
contribution by 

wastewater 
(kg ha-1) 

% nutrient 
contribution by 

wastewater 

N 120 18.39 24.83 20.7 
P 32 4.28 5.78 18.1 
K 62 13.59 18.35 29.6 
S 20 3.42 4.62 23.1 

Zn 3 0.03 0.04 1.4 
B 1 0.69 0.93 93.2 

 







SAARC J.  Agri., 10(1): 95-106 ( 2012) 

EVALUATION OF WHEAT CULTIVARS IN 
ARSENIC CONTAMINATED SOILS 

R. Kundu1, S. Pal and A. Majumder 
ICAR Niche Area of Excellence, Arsenic Research Laboratory, Directorate of Research 
Bidhan Chandra Krishi Viswavidyalaya, Kalyani-741 235, Nadia, West Bengal, India 

ABSTRACT 
An experiment was conducted with four popular wheat cultivars viz. 
Kalyansona, UP-262, Sonalika and a locally grown cultivar to study 
arsenic accumulation and varietal tolerance in different arsenic polluted 
soils and groundwater in the village, Nonaghata under the block 
Haringhata in the district of Nadia, West Bengal. Different wheat cultivars 
were observed with different grain arsenic concentration (0.23-1.22 mg 
kg-1) across the sites and years of experiment, due to changes in arsenic 
concentration with source and sites. The arsenic translocation in wheat 
grains was usually less. Accumulation of arsenic by different tissues 
followed the order, root > stem > leaf > grain across the cultivars. The 
cultivar UP-262 had been found to accumulate least arsenic in grains 
and cultivar Kalyansona, the highest under same growing condition, due 
to phyto-extraction or phyto-morphological potential of the varieties. 
Key words: Arsenic, wheat cultivar, grain, straw, groundwater  

INTRODUCTION 
Groundwater irrigation is necessary for better crop production, particularly in 

post monsoon and pre-monsoon seasons, where scarcity of rainfall persists. The 
widespread arsenic contamination in groundwater of West Bengal, India distributed 
over twelve districts adjoining the river Bhagirathi, as well as the contiguous districts 
in Bangladesh, is of great concern. Out of 20 countries in different parts of the world, 
where groundwater arsenic contamination and human suffering have been reported so 
far, the magnitude of which is considered to be the maximum in Bangladesh, 
followed by West Bengal, India (Sanyal, 2005). Arsenic is a toxic and carcinogenic 
metalloid whose occurrence is quite widespread due to its release in large amounts as 
a consequence of geological activities and/or anthropogenic activities (Arain et al., 
2009). Clinical manifestations of arsenic poisoning begin with various forms of skin 
disease and progress via damage to internal organs ultimately leading to cancer and 
death (Hossain, 2006). 
In order to evaluate arsenic toxicity, it is important to consider the range of 
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background exposures, because arsenic occurs naturally in the environment and is 
transported to the food chain (Baig et al., 2010). Recent studies have shown that the 
contribution of food-chain towards arsenic pollution in human is many folds greater 
than that of the drinking water (Díaz et al., 2004). In West Bengal, wheat is mainly 
cultivated as post monsoon (winter/rabi) crop, with irrigations, but over the past 
decade, arsenic contamination in ground water-irrigated soil has been reported from 
those areas (Hossain, 2006; Rahman et al., 2007a). Keeping this in view, the present 
investigation was undertaken to study the relative pattern of arsenic accumulation and 
varietal tolerance of wheat by selected cultivars in different soils irrigated with 
groundwater. 

MATERIALS AND METHODS 
Experimental site 

The experiment was conducted at two different sites of Farmers’ fields in the 
village Nonaghata under the Haringhata block in Nadia District of West Bengal, 
India during post monsoon/ winter season of 2006-07 and repeated during 2007-08. 
The study area was highly contaminated with arsenic and the level of arsenic in 
groundwater was found exceeding FAO permissible limit of 0.10 mg l-1 for irrigation 
water (FAO, 1985).  
Experimental soil and climate 

The experimental area was located in sub-tropical and humid region, 
characterized by high temperature and high rainfall during the monsoon/rainy season 
(June-October), low temperature and low rainfall during post monsoon/winter 
(November-February). The monthly rainfall pattern and sunshine hours of the 
experimental period, which was responsible for arsenic contamination are 
represented in Figures 1 and 2. The mean minimum and maximum temperature and 
relative humidity ranged from 11 to 320C and 44 to 99%, respectively. The 
experimental soil is alluvial in nature and silty clay loam in texture, having pH 7.2, 
organic carbon 0.47%, available nitrogen 155 kg ha-1, available phosphorus 42 kg ha-

1 and available potassium 162 kg ha-1 respectively. Arsenic status of cultivated soil 
and irrigation water used through sallow tube-well (STW) of different sites of this 
endemic were 10.83 mg kg-1 and 0.261 mg l-1 in site-I and 9.95 mg kg-1and 0.237 mg 
l-1 in site-II, respectively. The experiment was laid out in Randomized Block Design 
(RBD) replicated four times having four selected cultivars of wheat namely 
Kalyansona, UP-262, Sonalika and a locally grown cultivar.  
Crop management 

Different wheat cultivars were sown in 2nd week of November, with the seed 
rate of 100 kg ha-1 and row to row spacing of 20 cm. Before sowing of wheat seeds, 
organic manure (FYM @ 10 t ha-1) and recommended dose of fertilizers @ 120:40:40 
kg NPK ha-1 through urea, SSP and MOP were applied and mixed thoroughly with 
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the topsoil. Well decomposed farmyard manure is applied as basal along with ½ dose 
of N and full dose of P and K at the time of final land preparation and remaining ½ 
dose of N was top-dressed just after 1st irrigation. Irrigation water requirement 
depends on the rainfall patterns and sunshine hours of the growing season. For 
optimum yield, irrigation was given immediately after sowing, and subsequent 
irrigations were applied at crown root initiation, tiller completion, late joining, 
flowering, milking and dough stage respectively, where arsenic contaminated shallow 
tube-well (STW) water was used as the source of irrigation. 
Sampling 

Irrigation water samples were collected from the shallow tube well pumps, 
which were used for irrigation in the study area. Prior to sample collection, the 
pumps were kept running for about 10-15 minutes in order to get an uniform rate of 
discharging water. Then the water samples were collected in plastic container and 
preserved with concentrated HNO3. Plant samples were taken from the experimental 
farmer’s fields at maturity. The plant samples were washed with pure water to 
remove the soil particles attached to the plant body, and then with ultrapure de-
ionized water. The roots, stems, leaves and grains were collected separately. These 
samples were dried, ground and kept in the sample packets for analysis. 
Determination of arsenic  

The plant sample (1 g) was digested with tri-acid mixture (HNO3: H2SO4: 
HClO4: 10:1:4, v/v) until a clear solution was obtained. The digests were adequately 
filtered by using Whatman No. 42 filter paper. 10 ml of the filtrate was taken in 50 
ml volumetric flask, 5 ml of concentrated HCl and 1 ml of mixed reagent [5% KI 
(w/v) + 5% Ascorbic acid (w/v)] were added to it, kept for 45 minutes to ensure 
complete reaction and the volume was made up to 50 ml. The total arsenic content in 
the solution was determined by using atomic absorption spectrophotometer (AAS), 
Perkin Elmer Analyst 200 coupled with Flow Injection Analysis System (FIAS 400), 
where the carrier solution was 10% v/v HCl, following Olsen method as described by 
McLaren et al., (1998). A set of standard solutions of 2.5, 5, 10, and 20 mg l-1 were 
used for calibration. 

RESULTS & DISCUSSION 
Climatic Condition 

The rainfall pattern (mm) and sunshine hours of the experimental period were 
recorded day wise in both the year of experiment and presented in Figures 1 and 2. 
The 1st year of the experiment (2006-07) received total precipitation of 67.55 mm 
from 8 rainy days by wheat crop throughout the growing season, whereas in 2nd year 
(2007-08) 94.40 mm from 10 rainy days. The daily average precipition was 0.56 mm 
and 0.78 mm in 1st and 2nd year of experiment respectively. The 1st year of the 
experiment (2006-07) received total sunshine hours of 933.5 by wheat crop 
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throughout the growing season, whereas in 2nd year (2007-08) it was 924.2 hr. The 
daily average sunshine hours were 7.90 hr and 7.66 hr in 1st and 2nd year of 
experiment respectively. There was the demand for more irrigation water for better 
growth and productivity of wheat in the 1st year of the experiment (2006-07) due to 
shortage of rainfall, and greater sunshine throughout the growing period.  
Arsenic accumulation in wheat cultivars 

The arsenic concentration in the different parts of the wheat plants (Figure. 3) 
reflects that the highest accumulation was observed in roots as compared to any other 
plant parts. Arsenic accumulation in different parts of wheat plant showed in an order 
of root > stem > leaf > grain across the tested cultivars, experimental sites and year of 
cultivation. Translocation of arsenic in edible part (grain) was relatively lower over 
the other tissues. Higher arsenic loading in different organs of all wheat cultivars was 
observed in 1st year of the experiment (2006-07). 

At maturity of wheat, arsenic accumulation by different plant tissues 
significantly varied across the tested cultivars, over the experimental sites and year of 
cultivation (Table 1). Arsenic concentration in wheat roots ranged between 6.05-
10.16 mg kg-1 and the highest arsenic concentration in roots was observed in the 
cultivar Sonalika, followed by the local cultivar. Across the experimental sites and 
years, significantly least arsenic loading by roots recorded under the cultivar 
Kalyansona. In case of wheat stem, arsenic concentration ranged between 4.01-7.89 
mg kg-1, and accumulation pattern showed more or less similar trends as followed by 
its roots. Across tested cultivars, sites and year of cultivation, arsenic concentration in 
wheat leaves ranged from 2.37 to 3.21 mg kg-1, and the significantly least arsenic 
loading was found in the cultivars UP-262. The cultivar Kalyansona had the highest 
amount of arsenic in its leaves; and it was statistically identical with the cultivar 
Sonalika and locally grown cultivar. Wheat grains accumulated significantly least 
amount of arsenic, which ranged from 0.23-1.22 mg kg-1. The cultivar Kalyansona 
had the highest concentration of arsenic in grain among the cultivars used in the 
experiment, and it was statistically at par with the local cultivar. The least 
accumulation of this toxic metalloid was found in the cultivar UP-262 followed by 
cultivar Sonalika, over the experimental sites and years. 
Yield and arsenic uptake 

Grain and straw yields of wheat were recorded at the time of harvest, which 
differed significantly across the cultivars, over the experimental sites and years 
(Table 2). The selected cultivars produced significantly different yields among which 
highest grain yield was obtained from cultivar UP-262, followed by the cultivar 
Kalyansona. In case of straw yield, the above said cultivars showed just opposite 
trends, i.e., cultivar Kalyansona produced the maximum straw yield followed by the 
cultivar UP-262. On the other hand, significantly least grain and straw yields were 
observed in locally grown cultivar, across the sites and year of experiment. Yields did 
not reasonably vary over experimental sites although substantially higher yields were 
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obtained from all the cultivars, when cultivated during the year 2007-08, which could 
be attributed to better rainfall pattern, relative humidity and temperature. 

The uptake of arsenic in straw was observed many folds greater than in the 
grain due to higher arsenic concentration and also higher straw yield of wheat, over 
the cultivars, seasons and year of experiment (Table 2). In majority occasions, greater 
arsenic uptake in wheat was observed in 1st year of experiment (2006-07), which 
could be attributed to greater availability of the metalloid in the source (STW water) 
and sink (soil) in the respective year. Again, arsenic uptake by wheat cultivars varied 
across the experimental sites. Higher arsenic uptake was recorded in site-I over the 
tissues, cultivars and year of experiment. Selected cultivars accumulated significantly 
different proportions of arsenic in grain and straw, among which arsenic recovery 
was maximum in grains of cultivar, Kalyansona, and in straw of cultivar Sonalika. 
On the other hand, cultivar UP-262 showed the least arsenic recovery by its grains 
across the sites and year of experiment.  
Arsenic distribution between straw and grain  

Distribution of arsenic between straw and grains was evaluated in two ways: 
percentage of the total arsenic uptake that was distributed in straw and grains (Figure. 
4) and the uptake ratio of straw to grain (Figure. 5). The average uptake of arsenic by 
straw showed 6-16 folds greater than in the grain uptake, irrespective of the cultivars 
used, among which cultivar UP-262 (16 folds) and Sonalika (15 folds) were 
statistically identical and recorded the maximum values. The least uptake of aresenic 
by the grain was also found under the same cultivars. Again, cultivar Kalyansona (6 
folds), contributed least arsenic uptake by straw and highest uptake of arsenic by 
grain, followed by locally grown cultivar. So, arsenic translocation in grains varied 
significantly across the cultivars, and followed the trend of Kalyansona > Local 
cultivar > Sonalika > Up-262. 

Arsenic distribution in wheat grains over the experimental years was expressed 
by the ratio of straw to grain arsenic uptake and presented in figure 5. Across the 
tested cultivars and experimental sites, 2nd year of experiment (2007-08) showed 
greater straw: grain ratio of wheat. Again, among the cultivars, UP-262 and Sonalika 
contributed with highest ratio, that means least translocation of arsenic through 
grains, among them cultivar UP-262 showed the superiority. The significantly least 
straw: grain ratio with higher translocation of arsenic in grains was observed under 
cultivars Kalyansona, followed by locally grown cultivar across the years of 
cultivation.  

The present field experiment clearly revealed that due to shortage of rainfall, 
and greater sunshine throughout the 1st year of the experiment (2006-07) might have 
caused the demand for more irrigation water for better growth and productivity of 
wheat. The continuous application of arsenic contaminated groundwater irrigation 
through shallow tube-wells could be the possible reason for increasing the level of 
arsenic loading (Nickson et. al., 2000). In majority of occasions, higher arsenic 
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loading observed in different wheat tissues of all the selected cultivars in the year 
2006-07, which was possibly due to lower precipitation and low groundwater 
recharging and dilution of the arsenic concentration in sources and sinks. Maximum 
sunshine hours during the crop growing period of 2006-07, might also be responsible 
for greater evaporation, the reason why, requirement of irrigation water was 
relatively higher and greater possibilities for contamination of arsenic in soil-plant 
system through contaminated ground water-irrigation. The use of arsenic 
contaminated underground water in irrigation for a prolong period of time may 
increase the concentrations of arsenic in agricultural soil and crops (Rahman et al., 
2007b).  

In the present study, accumulation and uptake of arsenic through wheat tissues 
varied over the experimental sites, site-I had the highest values. It could be due to 
high arsenic content in irrigation water and cultivated soil in site-I. Arsenic 
contamination in plant tissues depends on source of irrigation water and cultivated 
soil. Similar findings were also reported by Bhattacharya et al., (2010), the arsenic-
contaminated irrigation water and soil considerably influenced in the accumulation of 
arsenic in different crops. Pigna et al., (2010) reported that the arsenic concentration 
in wheat tissues increased significantly with the increase of total arsenic 
concentrations in polluted soils and irrigation water.  

In the present study, the arsenic translocation in wheat grains was lesser than in 
any other parts of the plant, and remained in order of root > stem > leaf > grain 
across cultivars, sites and years. The arsenic accumulation found in wheat grain 
ranged between 0.23-1.22 mg kg-1, and the values were similar or slightly higher 
compared to those found by Williams et al., (2007) and Samal, (2005) in wheat grain. 
In a similar study, significantly least uptake and translocation of this toxic metalloid 
in the wheat grain compared with the wheat root and shoot have been reported by 
Pigna et al., (2010). In general, distribution of arsenic in plant parts was in the order: 
below ground parts > aerial parts (Sanyal, 2005). Arsenic translocation in edible parts 
of most of the plants is generally low (O’Neil, 1995). 

Arsenic accumulation and uptake in wheat tissues significantly varied over the 
tested cultivars. The cultivar UP-262 accumulated least amount of arsenic in grains 
with maximum yielding capacity, whereas, the locally grown cultivar loaded 
moderate amount of arsenic in its grain and produced least grain yield. On the other 
hand, cultivar Sonalika loaded lesser arsenic with moderate yield and the cultivar 
Kalyansona showed highest recovery of this toxic metalloid with also higher yielding 
capacity. The results also indicated that cultivar Kalyansona might have higher 
arsenic accumulation ability and are more tolerant to arsenic phyto-toxicity than the 
other cultivars. Yields did not reasonably vary over experimental sites although 
substantially higher yields were obtained from all the cultivars when cultivated 
during the years 2007-08, which could be attributed to better rainfall pattern, relative 
humidity and comfortable temperature ranges. These results indicated that at higher 
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levels of arsenic in irrigation water, the toxic element caused severe toxicity to wheat 
plant resulting in reduced growth rate and lowered translocation of nutrients from soil 
solution into the wheat grain (Pigna et al., 2010). Preference on cultivation of wheat 
crop should be given to those cultivars, which have higher production ability with 
least accumulation of arsenic in its edible parts. Observations of the present study 
supported the fact when cultivar UP-262 was found to accumulate least arsenic and 
cultivar Kalyansona the highest under same growing condition. 

CONCLUSION 
The study indicated the extensive nature of arsenic poisoning of groundwater and 
irrigated soil in rural West Bengal. It is well established that entry of arsenic through 
food chain is the most serious challenges of the arsenic affected areas. Results of this 
investigation revealed that the ground water contamination of arsenic have a 
significant impact on wheat grain. Though arsenic accumulation in wheat grain is 
relatively lower than other tissues, but the straw contain higher amount of arsenic, 
which are used as cattle feed, so, there is a need for appropriate agricultural 
management practices towards minimizing arsenic contamination of wheat. In the 
present experiment, the lower accumulating cultivar of wheat was selected and 
recommended as lower arsenic accumulating wheat variety.  So, cultivation of wheat 
in place of summer rice with the suitable cultivar might be a possible option to 
minimize the arsenic pollution through food chain in arsenic affected areas. 
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Table 1: Arsenic accumulation (mg kg-1) in different plant parts of wheat cultivars 

Root Stem Leaf Grain 

Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 Site 1 Site 2 
Wheat 
Cultivars 

2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008 2007 2008

Kalyansona  7 56 6 59 6.39 6.05 4.71 4.26 4.43 4.01 3 21 3.05 3 16 2.82 1.22 1.08 0.94 0.87 

UP 262 8 31 7 58 6.96 6.78 5.36 4.95 5.11 4.23 2.76 2.44 2 59 2 37 0.52 0.45 0.35 0.23 

Sonalika  10.16 9 28 9.05 8.32 7.89 6.85 6.39 6.34 3 18 2 94 3 10 2.78 0.64 0.60 0.58 0.47 

Local cultivar 9 15 8.87 7.57 7.31 5.75 5.61 5.52 5.29 3.07 2.85 2 97 2.75 1.11 1.05 0.89 0.81 

S Em (±) 0 23 0 27 0.17 0.21 0.11 0.14 0.09 0.12 0.06 0.08 0.06 0.08 0.06 0.05 0.07 0.08 

CD(P=0.05)           0.74 0.86 0.54 0.67 0.35 0.45 0.29 0.38 0 19 0 26 0 19 0 26 0.19 0.16 0.22 0.26 
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Table 2. Yields (t ha-1) and arsenic uptake (g ha-1) by wheat cultivars 

Grain Straw 

Site 1 Site 2 Site 1 Site 2 
Wheat 
Cultivars 

2007 2008 2007 2008 2007 2008 2007 2008 

Yield 

Kalyansona  4.86 5.28 5.05 5.39 6.85 7.64 6.92 7.59 

UP 262 5.32 5.75 5.28 5.63 6.76 7.09 6.55 6.85 

Sonalika  4.79 5.23 4.69 5.32 6.11 6.58 6.17 6.63 

Local cultivar 4.12 4.25 4.20 4.37 5.89 6.21 5.77 6.05 

S Em (±) 0.12 0.11 0.15 0.13 0.04 0.07 0.06 0.08 

CD(P=0.05)            0.38 0.35 0.48 0.42 0.13 0.22 0.19 0.26 

Uptake 

Kalyansona  5.93 5.70 4.75 4.69 32.26 32.55 30.66 30.44 

UP 262 2.77 2.59 1.85 1.29 36.23 35.10 33.47 28.98 

Sonalika  3.07 3.14 2.72 2.50 48.21 45.07 39.43 42.03 

Local cultivar 4.57 4.46 3.74 3.54 33.87 34.84 31.85 32.00 

S Em (±) 0.13 0.15 0.10 0.12 0.80 0.97 0.85 0.92 

CD(P=0.05)            0.40 0.48 0.32 0.39 2.56 3.11 2.71 2.95 

 

 
Figure. 1. Monthly rainfall pattern (mm) during crop growth period in 2006-07 and 2007-08 
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Figure. 2. Average sunshine hours during crop growth period in 2006-07 and 2007-08 

 

 
Figure. 3. Arsenic accumulation (mg kg-1) pattern in different plant parts of wheat 

(average values of all cultivars) during 2006-07 and 2007-08. 
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Figure. 4. Arsenic uptake percentage of straw and grains by different cultivars of wheat 

 

 
Figure. 5. Arsenic uptake ratio of straw to grain by different cultivars of wheat 
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Short Note 

PERFORMANCE OF AROMATIC RICE FROM 
DIFFERENT SOURCES 

M. M. Khatun1, M. H. Ali2 and Q. D. Cruz3 
Central Luzon State University, Science City of Munoz, Nueva Ecija, Philippines 

Rice yields increased significantly worldwide since 1950’s due to the gift of 
high yielding varieties but competition among rice producers is stiff, which has led to 
renewed interest in improving the quality of rice to meet the increasingly 
discriminating demand of consumers and as a result, sensory quality has become 
important. However, sensory quality or aromatic rice grown in some specific 
locations of the world may not exhibit the same quality grown in other location 
(Siddiq, 1991). Soil, temperature, and environments are the constraints in growing 
the crop in other places and only limited effort to improve yield and quality of 
aromatic rice have been made so far. Breeding for high yielding and quality varieties 
of crops require information on the nature and magnitude of variation in the available 
materials, association between yield and yield contributing characters. In the 
situation, evaluation and maintenance of aromatic rice germplasm and its use is 
important. As the varieties of diverse origin and characters are available in 
germplasm collection, therefore, the study was undertaken with 16 aromatic rice 
varieties to determine the information on phenotypic variation and grain yield and 
yield contributing characters as well.  

The study was undertaken in the experimental farm of Central Luzon State 
University (CLSU), Science City of Munoz, Nueva Ecija, Philippines during 2001. 
Sixteen aromatic rice varieties of different origin from the CLSU germplasm 
collection were used in this study. Countries of origin and some varietal 
characteristics of the tested varieties have been shown in table 1. The experiment was 
laid out in a Randomized Complete Block Design with three replications.  

Twenty-five day old seedlings of the different varieties were transplanted at a 
distance of 25 cm between rows and 20 cm between plants with 2-3 seedlings hill-1. 
The experimental plots were fertilized with 90 N, 13 P and 25 K kg ha-1 using urea 
(46-0-0), ammonium phosphate (16-20-0) and muriate of potash (0-0-60), 
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respectively. All phosphorous and potash and half nitrogen were applied as basal 
during final harrowing. The remaining half of nitrogen was top- dressed before 
panicle initiation (40 days after transplanting). 

Immediately after transplanting, molluscicide at the rate of 1 liter ha-1 was 
applied to reduce golden snail infestation. Hand picking the snails was also done until 
the seedlings have produced stronger culms. Two weeks after transplanting, Furadan 
3G was applied at the rate of 20 kg ha-1. 

Water depth of 3-5 cm was maintained during the first week of transplanting 
for quick seedling establishment and was increased to 5-10 cm, which was 
maintained throughout the growing period. The plots were kept weed free by 
applying pre-emergence herbicide (Machete) at the rate of 1 liter ha-1 after 
transplanting. Hand weeding was also done whenever necessary. The crops were 
harvested when approximately 80% of the grains turned yellow. As the varieties were 
of different growth duration, so harvesting were dune at different intervals. The 
grains were sun dried for 3 days for a period of 6 hours each day to reach 14% 
moisture content.  

To evaluate the performances of the tested varieties, grain yield and yield 
contributing characters were collected and mean treatment differences were tested by 
Duncan’s Multiple Range Test (DMRT) using the IRRISTAT program Version 3.1. 

In case of panicle length, significant differences were observed among the 
tested varieties (Table 2). Panicle length ranged from 21.21 to 31.84 cm. The 
maximum panicle length was recorded in Kasturi (31.84 cm) followed by Milfor 6 
(30.85 cm), Azucena (29.40 cm) and Della (29.24 cm). The shortest panicle length 
was recorded in Milagrosa (21.21 cm). It was also observed that 8 varieties such as 
Basmati 370, Lawangin, Basmati 385, KDML 105, Super Basmati, GRB 1570, Della, 
Azucena fall under while Milfor 6 (30.85 cm) and Kasturi (31.84 cm) showed higher 
panicle length than the range reported by Singh et al., (2000).   

The number of productive tillers per square meter ranged from 188 to 538 
which were observed to have significant differences among varieties (Table 2). The 
higher number of productive tillers was observed in Super Basmati (538) followed by 
Basmati 370 (378.67), Basmati 385 (366.67), Thailand aromatic (366.00) and GRB 
1570 (364.67). The lowest was recorded in Dinorado (188.00). Singh et al., (2000) 
identified the scented rice donors for the number of productive tillers per square 
meter (200–280). In comparing the result, it was observed that the number of 
productive tillers was within the range except the variety Dinorado which produced 
188 productive tillers per square meter (Table 2). It was also noticed that Super 
Basmati, Basmati 370, GRB 1570 and Basmati 385 produced higher number of 
productive tillers, but lower number of filled grains per panicle. On the other hand, 
although Dinorado produced the lowest number of productive tiller but have high 
number of filled grains per panicle.     
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Significant difference was observed for filled grains among the tested varieties 
(Table 2). The number of filled grains per panicle ranged from 65.33 to 226.87. The 
genotype Dinorado exhibited higher number of filled grain per panicle (226.87) 
followed by Milagrosa (183.13), KDML 105 (158.27), Azucena (156.40) and 
Lawangin (148.07). On the other hand, Super Basmati performed the lowest filled 
grains per panicle. Results also indicated that in most cases, higher number of filled 
grain produced higher grain yield. Furthermore, number of filled grain decreases as 
the number of productive tillers per unit area increases, which confirmed the findings 
of Wada (1969).  

Thousand grain weights varied from 12.23 to 33.72 g which showed significant 
variation among the varieties. The maximum 1000-grain weight was observed in 
Milfor 6 (33.72 g) followed by Azucena (32.04 g), Sabarmati (28.28 g), IR 841 
(27.30 g), Sigadis Milagrosa (27.23 g), KDML 105 (27.16 g) and Lawangin (26.84 g) 
while Milagrosa produced minimum 1000-grain weight (12.23 g). According to 
Yoshida (1981) 1000-grain weight is a stable varietal character because the grain size 
is rigidly controlled by the size of the hull and grain.    

Grain yield of the 16 genotypes ranged from 2.23 to 6.90 t ha-1 and was found 
statistically different among the tested varieties (Table 2). However, higher yield was 
recorded in KDML 105 (6.90 t ha-1) followed by Lawangin (6.19 t ha-1), Dinorado 
(5.92 t ha-1) and Milfor 6 (5.38 t ha-1). The lower yield was obtained from Super 
Basmati (2.23 t ha-1) followed by Basmati 370, Basmati 385 and Della, respectively.  
  The results further suggested that Kasturi and Basmati 385 yielded 3.87 and 3.14 t 
ha-1 respectively, which was higher than the yield of 2.8 t ha-1 in Kasturi and 2.6 t ha-1 
in Basmati 385 recorded by Dela Cruz (2000).  
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Table 1: Varietal characteristics at their respective place of origin 
Sl. # Varieties Country of origin Plant height  (cm) Maturity 

(early/late/medium) 
1 Azucena Philippines Tall  Early 
2 Milagrosa Philippines Tall Late 
3 Sigadis Milagrosa Philippines Intermediate Medium 
4 Milfor 6 Philippines Tall Early 
5 GRB 1570 IRRI, Philippines Intermediate Medium 
6 IR 841 IRRI, Philippines Semi dwarf Medium 
7 Dinorado  Philippines  Tall Early 
8 Thailand aromatic Thailand Tall Medium 
9. KDML 105 Thailand Semi dwarf Early 
10. Basmati 370 India Intermediate Early 
11. Kasturi India Semi dwarf Medium 
12. Sabarmati India Intermediate Early 
13. Basmati 385 Pakistan Intermediate Early 
14. Super Basmati Pakistan Intermediate Early 
15. Della United States Tall Late 
16 Lawangin Afganistan Tall Late 
Tall = > 130 cm, Intermediate = 110-130 cm and Semi dwarf = <110 cm 

Table 2: Yield and yield contributing characters of the tested aromatic rice (wet 
season, CLSU, Philippines)  

Varieties Panicle 
length 
(cm) 

Productive 
tillers m-2

 

Filled grains
Panicle-1 

(No) 

1000-grain 
weight 

(g) 

Grain yield
(t ha-1) 

Azucena 29.40 bc 209.33 fg 156.40 bc 32.04 b 4.64 c – f 
Milagrosa 21.21 f 241.33 efg 183.13 b 12.23 g 3.91 d – h 
Sigadis Milagrosa 26.72 de 315.33 bcd 98.10 def 27.23 c 4.52 c-g 
Milfor 6 30.85 ab 265.33 def 109.50 de 33.72 a 5.38 bcd 
GRB 1570 29.02 bc 364.67 bc 88.53 d - g 18.01 f 2.55 hi 
IR 841 25.63 e 306.00 cde 89.27 d - g 27.30 c 4.62 c - f 
Thailand aromatic 25.81 e 366.00 bc 82.70 efg 27.02 c 4.99 b - e 
Dinorado 26.60 de 188.00 g 226.87 a 22.90 d 5.92 abc 
Basmati 370 27.80 cd 378.67 b 91.30 d - g 23.25 d 2.30 i 
Kasturi 31.84 a 280.67 de 116.73 d 23.82 d 3.87 e - h 
Sabarmati 24 89 e 266.67 def 94.80 def 28.28 c 4.42 d - g 
Basmati 385 28.52 c 366.67 bc 74.77 fg 22.60 d 3.14 ghi 
Super Basmati 29.01 bc 538.00 a 65.33 g 22.87 d 2.23 i 
Della 29.24 bc 298.00 de 102.20 def 20.76 e 3.43 f -i 
KDML 105 28.75 c 252.00 def 158.27 bc 27.16 c 6.90 a 
Lawangin 28.13 cd 301.33 de 148.07 b 26.84 c 6.19 ab 
CV (%) 3.6 11.2 13.0 3.5 18.0 
Means followed by a common letter are not significantly different at the 5% level by DMRT 
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Maize (Zea mays L.) is considered as an important cereal crop in the rice based 
cropping system of Bangladesh. Hybrid maize has higher yield potentiality than those 
of synthetics and composites. Before hybridization, prospective parent (inbred line) 
selection is a pre-requisite work for hybrid development. Several studies on maize 
have shown that inbred lines from diverse stocks tend to be more productive than 
crosses of inbred lines from the same variety (Vasal, 1998). Saxena et al., (1998) also 
reported that manifestation of heterosis usually depends on the genetic divergence of 
the two parental lines. The quantification of genetic diversity through biometrical 
procedure made it possible to choose genetically diverse parents. 

Genetic diversity is one of the useful tools to select appropriate genotypes for 
hybridization. The genetic diversity between the genotypes is important as the 
genetically diverged parents are able to produce high heterotic effects (Ghaderi et al., 
1984 and Mian and Bahl, 1989). Knowledge of germplasm diversity and of 
relationship among elite breeding materials has a significant impact on the 
improvement of crop plant (Hallauer et al., 1988). Maize breeders are consistently 
emphasizing on the importance of diversity among parental genotypes as a significant 
factor contributing to heterotic hybrids. Characterization of genetic diversity of maize 
germplasm is of great importance in hybrid maize breeding (Xia et al., 2005). D2 
analysis is a useful tool for quantifying the degree of divergence between biological 
population at genotypic level and in assessing relative contribution of different 
components to the total divergence both intra- and inter-cluster level (Sachan and 
Sharma, 1971). Therefore, the present investigation was undertaken with a view to 
estimating the nature and magnitude of genetic diversity of maize genotypes. The 
specific objective is to find out the genetic distance for hybrid variety development 
from the inbred lines. 

The experiment was carried out at Plant Breeding Division, Bangladesh 
Agricultural Research Institute (BARI), Joydebpur, Gazipur with 50 exotic inbred 
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lines (Excess water tolerant) of maize received from CIMMYT. Seeds were sown on 
December 08, 2010. Unit plot size was 1 row 5 m long for each inbred maintaining 
100 cm and 20 cm spacing between rows and hills, respectively. After thinning one 
healthy plant was kept in each hill. During vegetative growth stage intercultural 
operations were done at appropriate time according to the necessity. Fertilizers were 
applied at the rate of 120, 80, 80, 20, 5 and 1 kg ha-1 of N, P2O5, K2O, S, Zn and B, 
respectively. Data were recorded according to maize descriptor during vegetative, 
flowering, harvesting and post harvesting periods. At flowering stage, healthy, 
disease free plants were selected and also selfed by hand for maintenance of desirable 
lines. Ten randomly selected plants were used for recording observations on kernel 
yield plant-1 (g), plant height (cm), ear height (cm), number of kernel rows ear-1, 
number of kernels row-1, ear length (cm), ear diameter (cm), 1000-kernel weight (g), 
husk cover (1-5 scale) and disease reaction(1-5 scale). Genetic diversity was 
estimated using Mahalanabis generalized distance (D2). Tocher’s method was 
followed to determine the group constellation. Canonical variant analysis was also 
performed to confirm the results of cluster D2 analysis. The data were analyzed using 
GENSTAT 5.0 software program. 

Range, mean, standard deviation and co-efficient of variation of different 
characters of the studied inbred lines were measured before diversity analysis (Table 
1). Maximum variation was kernel yield per plant (g) followed by cob length and 
number of kernels per row. Similarly, other characters also showed considerable 
variability. Hence there is enough scope for selection of potential inbred lines for 
hybridization program. 

Table 1. Characteristics of exotic inbred lines of maize at Joydebpur during 
rabi 2010-11 

Range Characteristics Mean 
Min Max 

SD CV (%) 

Days to 50% tasseling 97.68 90 109 5.51 5.64 
Days to 50% silking 103.7 93 115 5.042 4.86 
Plant height (cm) 85.36 54 128 15.02 17.59 
Ear height (cm) 26.16 12 54 8.80 33.6 
Cob length (cm) 9.25 4 27 3.56 38.48 
Cob diameter (cm) 9.94 8 15 1.39 13.98 
Number of rows per cob 9.96 6 14 1.91 19.17 
Number of kernel per row 13.3 7 26 4.05 30.45 
1000-seed weight (g) 260.7 150 420 60.82 23.32 
Kernel yield  plant-1 (g) 26.28 10 98 14.44 54.94 
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Multivariate analysis based on Mahalanobis’s D2 statistics revealed that 50 
genotypes could be grouped into five different clusters (Table 2). This suggested the 
presence of high degree of divergence in the materials. Clusters II, III and V 
contained the largest number of inbred lines (12) followed by cluster IV (11). The 
lowest number of genotypes belongs in cluster I (3). 

Table 2. Distribution of 50 maize inbred lines in five different clusters 

Cluster No. of 
inbreds 

Inbred lines included in different clusters 

I 03 P147-F2#105-2-1-B-1-B-B-B-B-B-B-B-2-B, CA00102-B-B-B-3-
B, P31C4S5B-99-JMM-B-B-B-B-B-B-B-B-3-B 

II 12 SW92145-2EV-7-3-B-B-B-B-B-B-B-B-4-B,CA14502-B-B-B-2-
B,P31C4S5B-6-#-#-B-B-B-B-B-B-B-B-8-B,CA03141-3-B-2-
B,CA03139-1-B-2-B,CA03139-7-B-2-B,CA14514-2-1-2-
B,CA14514-4-3-1-B,CA14514-5-B-2-B,CA14514-B-2-B-2-
B,CA03120-1-B-1-B,CA14709-B-2-B-1-B 

III 12 P31C4S5B-33-#-#-8-B-B-B-B-B-B-B-3-B,CA003134-B-B-B-2-
B,CA03139-B-B-3-B,CA14701-B-B-1-B,CA03139-B-B-B-2-
B,P31C4S5B-38-#-#-3-B-B-B-B-B-B-2-B,CA03139-6-1-3-
B,CA03139-6-4-2-B,CA14514-4-1-1-B,CA14514-7-B-2-
B,CA14514-9-4-2-B,CA03118-1-B-2-B 

IV 11 P31C4S5B-23-#-#-4-BBB-B-B-B-B-4-B,P31C4S5B-41-#-#-3-B-
B-B-B-B-B-B-B-3-B,CA03139-6-5-3-B,CA03139-6-7-2-
B,CA14514-1-B-1-B,CA14514-2-6-2-B,CA14514-3-B-1-
B,CA14514-8-3-2-B,CA14514-9-6-3-B,CA14509-B-5-B-1-
B,CA00102-B-1-B-2-B 

V 12 Pop.31C4S5B-6-#-#-1-2-B-B-B-B-B-B1-B-B-2-B,Pop.31C4S5B-
85-#-#-1-2-B-B-B-B-B-B2-B-B-4-B,Pop.31C4S5B-85-#-#-1-4-3-
B-B-B-B-B-B-B-4-B,P31C4S5B-33-#-#-11-B-B-B-B-B-B-B-B-3-
B,CA00106-B-B-B-5-B,CA03141-1-B-2-B,CA03141-2-B-1-
B,CA14514-8-1-2-B,CA14514-10-B-2-B,CA14514-B-1-B-2-
B,CA14514-B-3-B-2-B,CA14507-B-B-2-B 

Total=50 

The inter cluster D2 values varied from 3.13 to 12.88 exhibited high range of 
diversity presence in the inbred lines. The maximum inter cluster distance was 
observed between cluster I and II followed by between cluster I and IV (Table 3) 
indicating that the inbred lines grouped in these clusters were highly divergent from 
each other. The intra cluster D2 value was the least in cluster II (0.677) and the 
highest in cluster IV (1.07). It was observed that the values of inter-cluster distances 
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were higher than intra-cluster distances indicating that the genotypes between two 
clusters are more diversified than the genotypes within a cluster (Table 3). Singh and 
Choudhury (1985) suggested that three points should be taken into consideration 
while selecting genotypes for breeding program: i) choice of the particular cluster 
from which genotypes are to be used as parents, ii) selection of particular genotypes 
from the selected clusters and iii) relative contribution of characters to total 
divergence. Therefore, mean values of clusters and contribution of each character to 
total divergence were needed to check. 

Table 3. Inter- and intra-cluster (bold) distance (D2) for 50 maize inbred lines 
obtained by canonical variant analysis 

Cluster I II III IV V 
I 0.918     
II 12.881 0.677    
III 9.151 3.967 0.821   
IV 12.853 4.082 4.259 1.07  
V 11.724 6.858 5.140 3.133 0.858 

The cluster mean values of all the 10 characters for each of the cluster are 
presented in table 4. The data revealed that different clusters exhibited different mean 
values for almost all the characters. The cluster means for the various characters 
together with the inter-cluster distances provided useful information on the nature of 
genetic divergence in this study. Cluster I has the highest mean values for plant 
height (104.67 cm),  ear height (44.33 cm), cob length (13.00 cm), cob diameter 
(12.67 cm), number of rows/cob (12.67), number of kernels per row (23.67) and 
kernel yield  plant-1 (65.00 g). Cluster II has the highest mean value for 1000-seed 
weight (325.83 g) and cluster III and IV did not show any highest value for any 
character. On the other hand, cluster V showed highest value for days to 50% 
tasseling (101.75) and days to 50% silking (107.67). Therefore, these results strongly 
supported the values of the widest clusters. 

Contribution of the characters towards divergence is presented in table 5. The 
assessment of contributions of different characters to genetic diversity in D2 analysis 
revealed the importance of days to 50% tasseling and plant height to the total 
divergence. Canonical analysis also revealed the importance of cob diameter, 1000-
seed weight and kernel yield plant-1 in first vector, cob length, number rows/cob and 
number of kernels row-1 in second vector where days to 50% tasseling and plant 
height on both vectors (Vector I and II). Such results indicated that these eight traits 
contributed maximum towards diversity of genotypes. So, the greater divergence in 
the present materials due to these seven characters will offer a good scope for 
improvement of yield through selection of parents. The above results partially agreed  
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Table 4. Cluster means for 10 different characters of 50 maize inbred lines 

Clusters Characters 
I II III IV V 

Days to 50% tasseling 98.33 93.25 96.25 99.45 101.75 
Days to 50% silking 105.33 99.33 103.08 104.36 107.67 
Plant height (cm) 104.67 84.50 93.58 81.82 76.42 
Ear height (cm) 44.33 25.67 30.17 25.00 19.17 
Cob length (cm) 13.00 7.58 9.53 10.45 8.58 
Cob diameter (cm) 12.67 9.92 10.25 9.27 9.58 
Number of rows per cob 12.67 9.00 11.33 9.09 9.67 
Number of kernels per 
row 

23.67 9.33 14.83 11.64 13.42 

1000-seed weight (g) 273.33 325.83 296.67 234.55 180.42 
Kernel yield plant-1 (g) 65.00 24.17 29.83 22.09 19.00 

with that of Alika et al,. (1993), who reported the higher contribution of days to 
tasseling towards total genetic divergence in maize. Contrarily, Datta and Mukherjee 
(2004) observed very little role of days to tasseling and days to silking in the 
discrimination of inbred lines. 

Table 5. Relative contributions of the 10 characters to the total divergence in 
maize 

Characters Vector I Vector II 
Days to 50% tasseling 0.0208 0.1275 
Days to 50% silking -0.0713 -0.0501 
Plant height (cm) 0.0014 0.0248 
Ear height (cm) -0.0026 -0.0913 
Cob length (cm) -0.1402 0.0347 
Cob diameter (cm) 0.1806 -0.0534 
Number of rows per cob -0.6930 0.2633 
Number of kernels per row -0.1558 0.0333 
1000 seed weight 0.0027 -0.0359 
Kernel yield  plant-1 (g) 0.0119 -0.0001 

The crosses involving parents belonging to the divergent clusters are expected 
to manifest maximum heterosis and also variability in genetic architecture. Mian and 
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Bahl (1989) reported that the parents separated by D2 value of medium magnitude 
generally showed higher heterosis. Sharma (1998) reported that choice of parent(s) 
within the cluster can be made for hybridization purposes. Considering these themes 
and agronomic performances, crosses between genotypes of cluster I with those of 
cluster II, V and IV are expected to manifest maximum heterosis. 

Vasal (1998) suggested selecting parents with high per se performance for 
obtaining heterotic combination. He also reported that superior hybrid performance 
and continuing yield advantages should be achieved through combined effects and 
strategies involving improved inbred performance, cross-bred performance and on 
diversity. According to inbred performance is a device factor in choosing hybrid 
options. Similar conclusion was drawn by Duvick (1999) who also reported that the 
higher yielding inbreeds have consistently tended to produce the higher yielding 
hybrids. 

Considering plant architecture and other traits, inbreeds are clustered into 5 
diverged groups. According to the above review of references, it is expected that 
inbred lines belonging high to medium D2 values tend to produce high heterosis for 
yield. 

Therefore, the crosses between the inbred lines belonging to cluster I with II, 
IV and V having medium to high D2 values had the chance to exhibit high heterosis, 
dwarf type plants and higher level of yield potential.  
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Short Note 

IN VITRO DRY MATTER DIGESTIBILITY OF FEED 
ADDITIVES FROM INDIGENOUS PLANT SOURCES IN 

THE RATION OF DAIRY ANIMAL 

Penjor1, V. Pattarajinda2, C. Thamrongyoswittayakul3 and W. Gritsanapan4 
Department of Animal Science, Faculty of Agriculture, Khon Kaen University, Thailand. 

In an attempt to maximize milk production, at the same time to lower the 
production cost, the producers made use of feed additives like antibiotics in ruminant 
production system for the last few decades, however on ground of meat and milk 
product quality and safety the social acceptance has declined in recent years 
(Broudiscou et al., 2002). The consumer organizations in European Union have 
criticized routine use of antibiotics for livestock nutrition and it remained restricted to 
EU nations. With the increase in information accessibility through internet access, 
TV and other media, the consumers awareness increased and the outlook of 
consumers changed (Penjor et al., 2011). Today there is increasing public concern 
being raised on the use of antibiotics in animal production systems (Rochfort et al., 
2008).  

This created desire to look for plants with high concentration of secondary 
compounds possessing very good capacity to alter nutrient utilization in the rumen as 
an alternative to conventionally used compounds like antibiotics, which are no longer 
allowed in animal production systems (Casewell et al., 2003).  

The plants are now looked upon as potential source of compounds that when 
fed to dairy cattle will favorably alter the ruminal fermentation without causing 
overall inhibition of fermentation. This study evaluated seven plants in the form of 
dried and powdered plant materials that were milled to pass through 1mm screen. 
The plants were expected to favorably alter fermentation of feedstuff in an in vitro 
rumen simulated environment, mainly dry matter digestibility (DMD) by microbes 
where main component of feedstuff was rice straw.  

The general objective of this study was to evaluate the effects of dried plant 
materials on in vitro fermentation of feedstuff; while specific objective was to 
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determine the effect of dry plant materials on in vitro dry matter digestibility of 
feedstuff where rice straw was main component of total mixed ration (TMR). The 
study was conducted at the Roi-Et Agriculturral Research and Training Center, 
Department of Animal Science, Faculty of Agriculture, Khon Kaen University, 
Thailand in March 2011.  

Three plants (Carduus pycnocephalus, Sapindus rarak DC and Xyanthoxylum 
rhetsa) were collected from Bhutan and four plants (Azadirachta indica A Juss var 
siamenses, Moringa oleifera Lam., Morangaecae, Curcuma longa L., Zingeberaceae 
and Piper sarmentosum) were collected from Thailand for the purpose of study. 

Italian thistle (Carduus pycnocephalus) is  a weed that grows in dense stands 
making land worthless for pasture or other uses, it is commonly seen in water logged 
area in Bhutan and perhaps it is introduced from outside. Bodas et al., (2008) 
reported that in an in vitro screening test as antimethanogenic additive in ruminant 
feed, it showed suppressive effect on methane producing bacteria. The dried leaves of 
this plant were used to evaluate its influence on in vitro microbial DMD.   

Xanthoxylum (Xanthoxylum rhetsa) commonly known as the Sichuan pepper, 
the outer pod of tiny fruit of a number of species belonging to genus Xanthoxylum 
was used. It grows wild and is consumed as spice in Asia including Bhutan. It has 
unique aroma and flavor with lemony overtone and creates tingly numbness in the 
mouth due to the presence of hydroxyl-alpha-sanshool (Bryant & Mezine, 1999), and 
other sanshools. It causes salivation in man; similar action in ruminant may have 
influence on pH regulation in rumen and dried pericarp with seed was used to 
evaluate the influence on in vitro microbial fermentation.  

Soap nut (Sapindus rarak DC.) is a tall tree widely distributed in Asia and 
Africa. The pericaps have a foaming property in water and traditionally used as a 
natural soap for washing. It was reported saponins reduced methane production in an 
in vitro experiment using methanol extract of Sapidus rarak nuts. In this study, 
powdered pericarps of nuts were used to evaluate the effect on in vitro microbial 
DMD. 

Neem tree (Azadirachta indica A. Juss. var. siamenses) a member of the 
Mahogany family; the tree grows in Asia, Africa, the Americas, Australia, and other 
areas with tropical or sub-tropical climate. Neem contains a range of bioactive 
compounds (Brahmachari, 2004) which are expected to favorably alter fermentation 
of feedstuff when used in an in vitro environment simulating rumen. The dried leaves 
of Neem were used to evaluate the effect on in vitro microbial DMD. 

Drumstick tree (Moringa oleifera Lam., Morangaecae) has become naturalized 
and is planted in many tropical countries (Fahey, 2005) for the benefits it provides to 
human health by supplying nutrients like protein, calcium, iron, vitamin A, C, and 
other essential nutrients. This study was undertaken to explore the possibility of using 
Moringa oleifera leaves as feed additive to alter feed degradability and fermentation 
by rumenal microbes in in vitro environment.  
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Turmeric plant (Curcuma longa L., Zingeberaceae) is herbaceous perennial, 
tropical plant from India and is planted widely in the tropics. Khanna (1999) reported 
that Curcuma compounds have anti-hepatotoxic action favoring liver function both in 
in vitro and in vivo, other beneficial effects include inhibition of intestinal gas 
formation. Dried rhizome of this plant was used as additive to determine its influence 
on microbial fermentation in an in vitro condition. 

Wild Betel (Piper sarmentosum Roxb.) is evergreen perennial plant that 
originated in South and Southeast Asia and it is valued for its medicinal properties. 
The plant is reported to contain natural antioxidant due to high content of vitamin E 
and xanthophylls (Chanwitheesuk et al., 2005). Dried leaves of the plant were used 
to determine its influence on in vitro microbial fermentation of feedstuff.       

Factorial design was used for the experiment and the plants were added at 
levels 0.01, 0.1 and 0.5 g kg-1 DM of TMR diet that consisted of seven treatments 
with three dose rates and three replications (7 x 3 x 3). The F57 filter bags were 
loaded with feed sample mixed with dry plant materials; heat sealed the filter bags 
and incubated in DAISYII incubator.  

The experimental diet consisted of 50% rice straw ground to pass through 1mm 
screen in Wiley mill, 25% cassava meal, 25% soya bean meal and mineral mixtures 
fed as TMR. The TMR feed composition on DM basis is given in table 1. 

For the determination of in vitro dry matter digestibility, F57 filter bags were 
prepared as per the DAISYII protocol (ANKOM Technology, Fairport, NY), loaded 
with approximately 0.5 g TMR feed sample mixed with dry plant materials at levels 
mentioned above, heat sealed filter bags and placed into the digestion jars into which 
buffered rumen fluid prepared as described by Robinson et al., (1999) was added and 
incubated in DAISYII incubator (ANKOM Technology, Fairport, NY) for 48 h at 
39°C. At the end of 48 h in vitro, digestibility was estimated using the formula 
IVDMD (%) = 100 – ((W3–(W1 x C1)) x 100÷ W2). Data obtained were analyzed 
using the general linear model procedure according to a completely randomized 
design. Means were separated by Duncan New Multiple Range Test at P<0.05 
significance level. 

The microbial digestion of feedstuff in the rumen can be modified by inclusion 
of plant materials which either contribute in non-nutrient manner like shift in pH 
(Hutgens, 1991) and enhance or inhibit specific population of microbes (Calsamiglia 
et al.,  2007) in the rumen thereby increasing utilization of energy and protein. The 
plant bioactive like essential oils, tannin and saponin are considered to be a source of 
potential feed additives that can be used as an alternative to antibiotics (Benchaar et 
al., 2007) to manipulate microbial activity in the rumen. It is reported that some of 
the plant’s bioactive responsible for altered ruminal fermentation are eugenol, 
Limonene (Dorman and Deans, 2000), Capsaicin (Cardozo et al., 2004), tannins 
(Kamra et al., 2006), garlic oil and  Cinnamaldehyde (Castillejos et al., 2006), 
thymol, carvacrol, (Calsamiglia et al., 2007) which are grouped under essential oils.  
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In the current study the plants added are expected to contribute in similar 
manner. This is a preliminary evaluation of plants using in vitro experiment, for the 
selection of plants with high IVDMD for use in a feeding trial involving dairy cows 
which will be followed by determination of plant bioactive in the selected plants.   

The result from the current study indicated that Italian thistle had statistically 
significant (P<0.05) IVDMD followed by Soap nut and Drumstick at 0.5 g kg-1 level 
(Table 2), compared to other plants. At level 0.1 g kg-1 Italian thistle was found to be 
significant, while among the other plants there was no significant difference. Italian 
thistle also showed linear increase in IVDMD with increase in dose level, on the 
contrary linear decrease in IVDMD was seen in Wild betel and Xanthoxylum while 
the Drumstick, Neem, Soap nut and Turmeric showed tendency towards quadratic 
increase in IVDMD with increasing dose levels.     

When compared within plant at three dose levels the IVDMD it is seen to be 
highest at 0.5, 0.1 and 0.01g kg-1 DM in Italian thistle 73.30%, 68.88% and 64.59% 
respectively, there is no significant difference among the three dose levels in this 
plant. Soap nut had highest IVDMD at 0.5, 0.01 and lowest at 0.1g kg-1 DM 67.15%, 
65.07% and lowest 64.28% respectively with no significant difference among the 
three dose levels used. Drumstick had highest at 0.5, 0.01, and lowest at 0.1 g kg-1 
DM shown as 67.02%, 62.98% and 61.68% respectively, there was trend towards 
significance between 0.5 and 0.1g kg-1 levels. In Neem there is no significant 
difference among three dose levels though there is tendency towards significance (P 
= 0.04). In Turmeric there is no significant difference at levels 0.1 and 0.5 g kg-1 DM, 
64.38% and 63.99% IVDMD respectively, however, compared to 0.01 g kg-1 DM 
there is a significant difference with former two dose levels, this indicated that there 
was no benefit in increasing dose level above 0.1g kg-1 DM. In Wild betel there was 
linear decrease in IVDMD with increase in dose levels from 0.01, 0.1 and 0.5 g kg-1 
DM indicated by per cent IVDMD of 64.28%, 63.69% and 60.13% respectively. 
Linear decrease in IVDMD was also noticed in Xanthoxylum with increase in dose 
levels 0.01, 0.1 and 0.5 g kg-1 DM indicated by 65.65%, 62.65% and 62.27% 
respectively. The result of this study also showed that Xanthoxylum seemed to favor 
IVDMD at lower dose level.  

The current study indicated that there is very good potential for using Italian 
thistle as feed additive in dairy cattle, as it has shown a very good IVDMD at levels 
0.1 and 0.5 g kg-1 DM basis, Soap nut and Drumstick have also shown good IVDMD, 
while other plants had shown low IVDMD. Use of Italian thistle at higher dose levels 
showed better IVDMD, indicating that the in vitro fermentation was favorably altered 
by addition of this plant. Italian thistle is a weed that competes for space and growth 
with crops in agricultural land, therefore using this plant as feed additive would be 
also very good strategy to control this weed. 
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Table 1: Composition of TMR feed 

Items % composition DM basis 
Dry matter 93.6 
Neutral detergent fiber 38 
Acid detergent fiber 16.7 
Crude protein 13.5 
Ash 10.8 
Ether extract 1 

Table 2: Effect of dry plant on IVDMD among plants used at different levels 

Plants/ 
Levels (g kg-1 

DM) 

Drums Italian T Neem Soap N Turmeric Wild B Xyanth P- 
Value 

0.01 62.98a 64.59a 62.70a 65.07a 57.27b 64.28a 65.65a 0.03 
0.1 61.68b 68.88a 61.46b 64.28b 64.38b 63.39b 62.65b 0.04 
0.5 67.02b 73.30a 64.34cb 67.15b 63.99cb 60.13c 62.27cb 0.01 
Means 63.89b 68.92a 62.83b 65.50b 61.88b 62.70b 63.42b 0.04 
a,b & c Means within a row without a common letter differs (P<0.05) 
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