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An experiment was conducted al the farm of Sher-e Bangla Agricultural University, Dhaka, Bangladesh 

during the period from November 2006 to February 2007 to study the effect of nitrogen and mulching on 

growth and yield of lettuce. The experiment considered two factors. Factor A: Levels of nitrogen (4 levels) 

i.e. 0 kg N/ha (Control), 60 kg N/ha (N1), 80 kg N/ha (N2), I 00 kg N/ha (N3); Factor B: Mulching (4 levels) 

i.e. No mulch (M0), rice straw (M1), water hyacinth (M2), black polythene (M3). Data were collected in 

respect of the plant growth characters and green yield of lettuce at different days after transplanting. At 55 

DAT the tallest (30.49 cm) plant height was recorded from N2, while control gave the shortest (24.04 cm) 

plant height. The maximum (28.01) number of leaves per plant was recorded from N3, while control gave 

the minimum (22.67) number of leaves per plant. The maximum (474.24 g) leaf yield per plant was 

recorded from N), while control gave the minimum (374.92 g) leaf yield per plant. The maximum ( 15.35%) 

dry matter content in plant was recorded from N2, while control gave the minimum ( 11.43%). The 

maximum (10.21 kg) yield per plot was recorded from N2, while control gave the minimum (7.88 kg) yield 

per plot. The maximum (42.56 t/ha) yield was recorded from N2 at 55 DAT, while control gave the 

minimum (32.85 t/ha) yield. At 55 DAT the tallest (31.06 cm) plant height was recorded from M3 and the 

shortest (21.69 cm) was found from control. The maximum (28.29) number of leaves per plant was 

recorded from M3, while the minimum (21.15) was found from control. The maximum (487.48 g) leaf yield 

per plant was recorded from M3, while the minimum (326.59 g) was found from control. The maximum 

(14.40%) dry matter content in plant was recorded from M3, while the minimum (12.28%) was found from 

control. The maximum ( 11.03 kg) yield per plot was recorded from M3, while the minimum (5.27 kg) was 

found from control. Maximum yield (45.96 t/ha) was recorded from M3, while the minimum (21.97 t/ha) 

was found from control al 55 DAT. Among different treatment combinations N2M3 (80 kg N/ha +black 

polythene mulch) was more effective than those of others. The highest (3.64) benefit cost ratio was 

performed from the treatment combination of N2M3 and the lowest benefit cost ratio (0.81) was obtained 

from control treatment i.e. N0M0. 
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Chapter-1 

I Introduction - - - 



the major constraints to successful upland crop production in Bangladesh (Islam and Noor, 

the production and quality of lettuce. Deficiency of soil nutrient is now considered as one of 

responsible for higher yield, supply of nutrient and availability of moisture play vital role in 

production package is not much known to Bangladeshi farmers. Among various factors 

Lettuce is a newly introduced crop in our country and gelling popularity day by day. Its 

spoiled. Moreover, it is anodyne, sedative, diuretic and expectorant (Kallo, J 986). 

other salad vegetable. It is often served alone or with dressing. Its nutritive value is not 

(Gopalan and Balaraman, 1966). It is usually used as salad with tomato, carrot, cucumber or 

2.6 mg, vitamin A 1650 I.U thiamine 0.09 mg, riboflavin 0.13 mg and vitamin C I 0 mg 

minerals 1.2 g, fibre 0.5 g, carbohydrates 2.5 g, calcium 310 mg, phosphorus 80 mg, iron 

hundred gram of edible portion of lettuce contains moisture 93.4 g, protein 2.1 g, fat 0.3 g, 

that of water (Work, 1997). It also contains protein, carbohydrate and vitamin C. Per 

and a moderate storage of vitamins to the human diet plus substantial amount of fibre and 

The nutritive value of lettuce is very high but rests largely upon a good content of minerals 

Lettuce is popular for its delicate, crispy, texture and slightly bitter taste in fresh condition. 

night temperature is 1 o0c to t 5°C (Ryder, 1998). 

cold loving crop. The best temperature range for lettuce cultivation is t 8°C to 25°C and the 

different varieties. Later in the season a seed stock is produced (Ryder, 1979). It is mainly a 

the season, a cluster of leaves varying considerably in shape, character and colour in 

crops in the world. It is leafy herb with milky juice crop. It produces a short stern early in 

Lettuce (Lactuca sativa L.) belongs to the family Compositac that is the most popular salad 

... ~... . ..... t:~ ...... - 
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In Bangladesh, lettuce is grown during winter season where rainfall is scanty. Being a 

succulent vegetable, it needs plenty of water for its normal growth and development. 

Irrigation is, therefore, essential for its successful production. But additional irrigation 

causes increased cost of production. Under such condition, mulching may be practiced in 

Generally, a large amount of nitrogen is required for the production of leafy vegetable 

(Opcna el al., 1988). It plays a vital role as a constituent of protein, nucleic acid and 

chlorophyll. It is also the most different element to manage in a fertilization system such 

that an adequate, but not excessive amount of nitrogen is available during the entire growing 

season (Anon., 1972). Nitrogen progressively increases the marketable yield (Obreza and 

Vavrina, 1993) but an adequate supply of nitrogen is essential for vegetative growth, and 

desirable yield (Yoshizawa el al., 1981 ). Excessive application of nitrogen on the other 

hand is not only uneconomical but also induces physiological disorder. 

Lettuce responds greatly to major essential elements like N, P and K in respect of its growth 

and yield (Singh el al., 1976; Thompson and Kelly, 1988). Its production can be increased 

by adopting improved cultural practices. Fertilizer plays a vital role in proper growth and 

development of lettuce. Fertilizer application in appropriate time, appropriate dose and 

proper method is the prerequisite of crop cultivation (Islam, 2003). Generally, chemical 

fertilizers increase the growth and yield but excessive application of chemical fertilizers in 

crop production causes health hazards, create problem to the environment including the 

pollution of soil, air and water. 

1982). The cultivation of lettuce requires proper supply of plant nutrient. This requirement 

can be provided by applying inorganic fertilizer or organic manure or both. 
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1. To identify the optimum doses of nitrogen for the growth and development of 

lettuce; 

11. To know the effect of mulching on growth and yield of lettuce production and 

identify the best one; 

111. To know the combined effect of nitrogen fertilizer and mulching on lettuce 

production. 

Nitrogen and mulching are also effective for the production of any crop. Mulching increases 

the availability of nitrogen ensuring soil moisture. Considering the above factors, the 

present experiment was undertaken to study the following objectives. 

crop cultivation which can substitute irrigation to minimize cost of production. Mulch is 

again highly effective in checking evaporation and berm; is recommended for most crops of 

home garden like potato, sweet potato, carrot and ginger (Kim er al. 1988: Chowdhury el 

al., 1993; Jaiswal el al., 1996). Mulching also suppress weed infestation effectively. 

Furthermore, it stimulates microbial activity in soil through increasing soil temperature 

which improves agro-physical properties of soil. 



Chapter-2 

I Review of literature 
- - - 



Jaenaksorn and Ikeda (2004) reported that in an attempt to reduce the hydrophonic growing 

cost and to facilitate the preparation and source of nutrient solution, soil fertilizer was 

evaluated as a substitute for soilless nutrient solution in Osaka Prefecture, Japan in 1999. 

Comparisons of growth and nutrient uptake were made with pak choi (Brassica chinensisy; 

lettuce (Lactuca saliva) and Chinese cabbage (B. pekinensisi in deep tiow technique (OFT) 

4 

Lei et al. (2004) stated that the rules of nitrate accumulation in Dian Lake (Beijing, China) 

drainage area in intensive cultivation were studied. Results showed that fertilizer N was the 

prime cause of the accumulation of No3 in soil. The effects of P on N03 accumulation in 

soil differ from crops to crops. The fertilizer P input evidently influenced the accumulation 

ofN03 in the soil of cultivating pimiento [Capsicum annuum], and the increase of fertilizer 

P input decreased N03 accumulation. The effects of Pon N03 accumulation were difTcrcnt 

according to the changes of N input. No evident effects were observed on the N03 

accumulation in the soil of cultivating lettuce with P input. 

2.1 Effect of nitrogen on growth and yield of lettuce 

Lettuce is one or the most important and popular salad vegetable in Bangladesh as well as 

many countries of the world. The crop has conventional less concentration by the 

researchers on various aspects because it is newly introduced crop. For that a very few 

studies on the growth and yield of lettuce have been carried out in our country as well as 

many other countries of the world. Therefore, the research work so far done in Bangladesh 

is not adequate and conclusive. Nevertheless, some of the important informative works and 

research findings related to nitrogen and mulching so far been done at home and abroad on 

this crop have been reviewed in this chapter under the following headings: 

REVIEW OF LITERATURE 



Nadasy ( 1999) set up experiments 111 1995 and 1996 using lettuce cv. Balaton under 

greenhouse conditions. N was applied as N03-N, Nl-14-N or both at a ratio of I: I using 

calcium nitrate (7.6%N), ammonium sulphate (20.2%N) and ammonium nitrate (34.7%N). 

Nitrogen rates were 0, 40, 80, 160, 320, and 640 mg N/kg. The plants were harvested aflcr 6 

weeks. Leaf fresh weight was highest with 80 or 160 mg/kg N. The greatest dry production 

Nadasy ( 1999) reported that the greatest dry matter production was found at 80mg/kg N. 

The fresh and dry weights were lower after the application of calcium nitrate. Applying N in 

the ammonium form produced similar results lo applying both nitrate and ammonium 

forms. Dry matter production was greatest when both N forms were applied. Increasing N 

rates up to 320 mg/kg gradually raised the N content of the lettuce leaves. 

Feller el al. (2003) observed that bunching carrots, Japanese radish, dill, lambs' lettuce, 

rocket salad, celeriae and celery. Harvesting tabulates the average removal of nutrients by 

harvesting for N, P, Kand Mg. Nitrogen demand and the N main target value in kg/ha are 

compared with data published in 2001. Data are within a I 0% variation range, however 

Japanese radish and celery had higher demands due to strong vegetative growth. The 

highest N demand was found in celery (270 kg N/ha), followed by Japanese radish (245 kg 

N/ha), spring onion ( 160 kg N/ha), bunching carrot ( 145 kg/ha), dill ( 110 kg N/ha), rocket 

salad (I 00 kg N/ha) and lambs' lettuce (38 kg N/ha). For rocket salad, nitrogen uptake 

curves modeled and measured arc presented for different sowing dates. 

5 

as and re-circulation nutrient film technique (N FT) treated with soilless nutrient solution 

(NSI) and soil fertilizer solution (NS2). The nutrient solution was chemically analyzed 

every week to monitor its change. Satisfactory results were achieved in all vegetables tested. 
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Sajjan et al. (1998) observed that with the application of 150, 75 and 75 kg N, P205 and 

K20, respectively per ha, under protective irrigated conditions, led to the production of high 

quality lettuce cv. Great Lakes seeds in terms of germination percentage, root length, shoot 

length, seedling dry matter accumulation, I 000-seed weight and seedling vigour index. 

Bastclacrc (1998) stated that different fertilizer treatments with ammonium nitrate (3.5-8 

kg/acre), patent potassium (3.5-8 kg/acre) and triple phosphate (3.65 kg/acre) were carried 

out during 1997-98 in 6 green houses with lettuce (cv. Completo, Alfredo, Omega and 

Samir) in Belgium. Soil analysis was carried out before and after fertilizer applications and 

at harvest. Ten out of 12 trials showed the greatest crop weights and better crop quality in 

treatments with equal amounts of ammonium nitrate and patent potassium. Lower crop 

weights occurred in the treatment with standard fertilizer plus Papaver (46 kg/acre). Nitrate 

content in heads at harvesting was not influenced by nitrogen fertilizer levels. However, 

these fertilizer treatments can result in more leaf veins, leaf vein rot and yellow leaves. 

TisseJJi (1999) reported that maximum rates of organic manure (usually poultry manure) 

and NPK recommended in 1998 by the Crop for use in lettuce crops in Emilia-Romagna, 

Italy are tabulated. Trials showed that a combination of organic and mineral fertilizers gave 

higher yielder of marketable heads, fewer rejects and a better average weight/head than 

mineral. 

was found at 80 mg/mg K Dry matter production was greatest when both N forms were 

applied. Increasing N rates tip to 320 mg/kg gradually raised the N content of the lettuce 

leaves. Lear N content was highest when calcium nitrate was appl icd. 
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Kowalska (1997) conducted green house trials in two winter-spring seasons, N fertilizer in 

the form of urea, ammonium or nitrate was applied once before planting to pot grown plants 

or lettuce cv. Atka in peat or a soil-based mixture (peat: sand: mineral soil, I: I: I). The 

average fresh head weight and dry matter yield of plants grown in peat was considerably 

Anez and Pino ( 1997) evaluated the methods and timing for the application of nitrogen 

fertilizer to lettuce Great Lakes. Ten nitrogen treatments (side dressing of I 00 kg/N ha at 

transplantation or 15, 30, 45, and 60 days after transplanting (DAT), side dressing of 50 kg 

N/ha plus 50 kg N/ha applied or foliar fertilizer applied at transplantation or 15, 30, 45 and 

60 DAT. control without nitrogen fertilizer) were tested on a sandy-loam soil in Merida, 

Venezuela. Significant differences were found between methods of application and the 

control when I 00 kg N/ha were applied by the 45 DAT. No significant differences were 

observed between the treatments and the control when 100 kg N ha was applied after 45 

DAT. 

Vidigal et al. (1997) mentioned that dried pig manure gave the highest yield 65 days after 

sowing (54.4 t/ha), an increase of 33.3% above those supplied with NPK. with similar 

results in a succeeding crop planted on the same ground in late September (39.4% increase 

over NPK). Napier grass +coffee straw + pig slurry was the best mixture, increasing yields 

10.8% and 17.6% above those produced by NPK in Isl and 2"d crops, respectively. 

Rodrigues and Casali (1998) reported that the performance of 11 lettuce cultivars in organic 

fertilizer was correlated with their N utilization efficiency. I ligh K availability reduced the 

absorption of Kand Mg, and cul tiv ars which were more rcsponsiv c lo the organic fertilizer 

tended to be more absorption and translocation of Ca and Mg. 
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Abdel-Razik (1996) carried two experiments at the Experiment Station Farm of Agriculture 

and Veterinary Medicine College, King Saud University, Saudi Arabia, in the winter of 

1991-92 and 1992-93. Seeds of the lettuce cv. White Paris were sown in a nursery in 

October 1991 and 1992. Seedlings were transplanted in December. N as ammonium 

sulphate (20.5%N) was applied at 0, I 00, 200 and 300 kg/ha in 3 equal doses 3, 5 and 7 

weeks after transplanting. Increasing N concentration resulted in increases in all measured 

parameters. Head fresh weight and total yield both increased with increasing applications of 

N. It concluded that to maximize lettuce yields the optimum N application was 200 kg/ha. 

Stancheva et al. ( 1997) investigated the effects of three fertilizer rates and two N sources 

(ammonium nitrate or urea) on growth and plant nutrition of lettuce in green house. 

Increasing N rates and soil acidity influenced growth and plant nutrition. A beneficial effect 

of urea on lettuce fresh and dry biomass was observed in plants grown at pH 5.8 and 

particularly at pH 4.9. Application of urea increased N, P, K, Ca and Mg contents of plants 

grown at pH 6.1; plants grown at pH 5.8, similar effects were observed in the presence of 

ammonium nitrate. Lettuce grown at pH 4.9 showed higher N and Mg contents when the N 

source was urea and higher K and Ca contents when N was applied as ammonium nitrate. 

higher than that of plants grown in the soil mixture. Application of fertilizer with reduced 

nitrogen forms increased the ammonium content of plants. where as nitratc-N increased 

nitrate accumulation. It is concluded that application of reduced forms or N significantly 

improved the quality of the lettuce by reducing the accumulation of nitrates especially in 

plants grown in peat which has a slower rate of nitrification. 
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Baca el al. ( 1993) reported that green manure, equivalent to 40 and 80 kg N/ha, was 

incubated with a sand-soil mixture for 2 and 5 months and tested in a greenhouse 

experiment with lettuce. Before and after the incubation period, the total organic carbon was 

Stcingrobc and Schenk ( 1994) reported that seeds of lettuce cv. Clarion were sown in 4 X 4 

cm peat blocks and seedlings were planted out 3 weeks later at a spacing of 30 x 30 cm. 

Seedlings received different amounts of N fertilizer before and after planting out N 

application increased root growth in the first 3 weeks after planting out, but had no effect on 

yield. 

Rozek el al. (1995) presented the results of a 2-year study on the effect of nitratc-N and 

urca-N forms, applied to lettuce plants cultivated in a plastic tunnel in changes in quality 

parameters at harvest and during the storage of heads at low (50°C) and high (200°C) 

temperatures. N from had no effect on fresh weight, dry matter content, soluble sugars, 

starch, total protein or ascorbic acid concentrations. Cultivar's effects on plant composition 

were generally stronger than fertilizer effects. The effect of the form of applied N was more 

distinct during storage of the lettuce leaves both at room temperature (200°C) and in cold 

chamber (S0°C). 

Belligno et al. (1996) observed that the effect of different fertilizers on nitrate contents in 

two lettuce cultivars. Iceberg and Romana was studied. Plants cultivated in a sandy-loam 

soil were fertilizer with ammonium nitrate, calcium-nitrate. ammonium-sulphate, urea and 

oxarnide (JOO, 200, 300 kg/ha) and compared with a control with no added N. Several 

genotypes of lettuce differed significantly in N-N03 accumulation. Nitrogen application 

rates and different fertilizer influenced nitrate content. 
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Sajjan et al. (1992) studied that the response of lettuce cv. Great lakes to different dates of 

Lransplanting (20 July, 20 August and 20 September) and levels of fertilizer (50:25:25, 

75:25:25, 100:50:50, 125:50:50, 150:75:75, and 175:75:75 kg N, P202 K20/ha) during 

1988-89. The seed yield was highest when the crop was transplanted on August zo". The 

ln another experiment, Karacal and Turetkcn ( 1992) also reported that lettuce received N at 

0, 25, 50, 75 or 100 kg/da. Average head weight increased with increasing rate of N 

fertilizer (1173.2 g and 230.2 g with 100 and 0 kg/da, respectively). The critical tissue 

concentration of nitrate-N for human consumption (0.20%) was exceeded by application of 

75 and 100 kg/da (0.226-0.332%). It was concluded that application of N at 50 kg/da 

resulted in optimum lettuce yield and quality. 

Karacal and Turetken ( 1992) carried out a trial on the cultivation of lettuce cv. Lita! in 

Turkey. N as ammonium sulphate, ammonium nitrate or urea was applied at 24 kg/da and P 

(as triple super phosphate) was applied at 0, 8, 16, or 24 kg/da. Yield and quality of lettuces 

were significantly improved by ammonium sulphate application with average yield of 7556 

kg/da compared with 5417 kg/da for lettuces grown without N fertilizer. Average head 

weight was 497g for lettuces that received ammonium sulphate, compared with 358g for 

those grown without N fertilizer (1 dounum = 2500 m2). 

extracted by the NatP201-NaOHO. l M method and purified with PVP resin. There was no 

difference between the quantities of humic carbon extracted after the different treatments 

with phosphorus. but there was a difference in quality. The mixture incubated with 

phosphorus showed a positive effect on plant growth but those incubated only with green 

manure showed a negative response. 
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Sajjan et al. (1991) conducted an experiment in which seedlings of lettuce cv. Great takes 

planted in a sandy clay soil in July-August or September, received N, P and K at six 

Sajjan el al. ( 199 I) reported that seedlings of the cul ti var Great Lakes, planted in a sandy 

clay soil [details given] in July, Aug. or Sep., received N, P and Kat 6 different rates. Data 

arc tabulated on FW in g/plant and head yield in t/ha. The highest yield (17 t/ha) was 

obtained from plants transplanted on 20 Sep. and fertilized with N at 175, Pat 75 and Kat 

75 kg/ha. 

Rubciz el al. ( 1992) mentioned that the lack of significant response in yield was due to 

sufficient levels of soil N03-N and available P in the untreated soil. Manure or fertilizer 

application had no effect on soil EC, pH or available P. Soil N03-N at harvest was 

significantly increased only by NH4N03. Leaf PO-P concentration was not affected by 

treatments, but leaf N03-N at heading was significantly increased by all treatments. 

Karacal and Turetken (1992) observed that Lettuces received N, as ammonium sulphate, at 

0, 25, 50, 75 or 100 kg/da. Average head weight increased with increasing rate of N 

fertilizer (I I 73.2 g and 230.2 g with 100 and 0 kg/da, respectively). The critical tissue 

concentration of nitrate-N for human consumption (0.20%) was exceeded by application of 

75 and I 00 kg Nida (0.266-0.332%). It was concluded that application of N at 50 kg/da 

resulted in optimum lettuce yield and quality. 

treatment receiving 175:75:75 kg N, P20s, K20/ha gave the highest seed yield and 

interaction was significant. Significant increase in number of branch/plant, number of 

capsule/plant, number or seed/capsule and I 000 seed weight contributed to seed yield. 
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Rahim and Siddique ( 1982) reported from their experiment that the highest yield 32 t/ha of 

lettuce cv. Kiser when 30 kg N/ha was applied as a basal dressing and another 30 kg N/ha as 

foliar spray in weekly intervals after transplanting. Welch el al. (1983) observed that the 

application of N at 120 lb/acre and nitrapyrin (a nitrification inhibitor) gave a significantly 

higher yield then N at 180 lb/acre and almost as good a yield with N at 240 lb/acre. They 

also found that the efficiency of N uptake ranged from 12% for 180 lb N/acre as a single 

The effects of method of application on yield and nitrate content of lettuce was carried out 

by Bakker el al. ( 1984). Plants grown by applying N through the irrigation system 

(fertilization) were compared with plants fertilizer with broadcast nitrogen. Fertilization 

proved to increase the availability and uptake of N, hence increasing the nitrate content of 

the crop compared to broadcast fertilization. Yield however much less affected by method 

fertilization. 

EL-Hassan, (1990) had grown lettuce cv. Dark Green lettuce on experimental plot in Cairo 

in the winter seasons of 1987 and 1988. The effects of various planting systems and 

application of 20 or 40 kg N/fcddan on head weight, dry matter content and N content were 

recorded. The higher N rate .and wide spacing (30 cm) gave greater head weight, % dry 

matter, total N (%) in dry matter and N03-N content in fresh leaf midribs. The highest total 

and saleable yields and the highest total dry matter content were achieved with the higher N 

rate, spacing at I 0 cm and planting on both sides of the planting ridges (I fcddan = 0.42 ha). 

different rates. Data are tabulated on fresh weight in g/plant and head in t/ha. The highest 

yield (17 t/ha), was obtained from plants transplanted on 20 September and fertilizer with N 

at 175, Pal 75 and Kat 75 kg/ha. 



13 

I laraguchi ct al. (2003) reported that it is necessary to pay attention to the leaching of 

nutrient from the viewpoint or the effective utilization or fertilizer and water environmental 

preservation. Although some literatures describe that plastic mulching system has the 

benefit to reduce fertilizer loss because the rain that foils in a plastic-mulching field can run 

into furrows immediately flow ing on the impervious plastic film, the facts that water can 

infiltrate the soil through a transplanting hole have been also reported. To analyze in detail 

the water movement under the mulching condition the procedure to evaluate the water 

collection function of crop was proposed, and the results of water collection experiment 

were used to consider the water flow into transplanting holes. The waler collection 

characteristics of leafy vegetables (broccoli, lettuce and cabbage) were described relating 

the geometry of leaves. The results of analysis for the water movement under the mulching 

Akand (2003) conducted an experiment with mulching and organic manure trial on carrot in 

BAU, Bangladesh and observed that black polythene mulch and organic manure (cowdung) 

significantly resulted the highest yield of his experiment. Zhou et al. (1995) mentioned that 

15N-Labcllcd ammonium sulfate and rice straw were applied alone or in combination to 

lettuce in pots. The C:N ratio of the materials applied and the amount of rice straw used 

were inversely correlated with the N mineralization rate and utilization rate and positively 

correlated with the amount of residual rice straw- l 5N. 

2.2 Effect of mulching on the growth and yield of lettuce 

application lo 25% for 60 lb N/acrc as a split application. The use of nitrapyrin significantly 

increased N uptake. 
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Lee el al. (1997) in Korea stated that the higher emergence (87%) was occurred by using 

transparent film and black polythene film mulches in taro (Colocasia autiquorum). Black 

film mulch also resulted in the tallest ( 164 cm.) plants with the highest leaf stalk yield 

( 41.65 t/ha) while cormel yield was promoted by transparent film treatment. It was 

conducted that transparent film was the best as mulching material. 

Utilization of indigenous materials, i.e. rice straw, wheat straw, rice husks and rice husk 

charcoal, as soil aerating materials to increase the yield of storage root of carrot under field 

conditions in wet lowland was investigated by Islam et al. ( 1998). The materials were 

placed in soil ridges to make aerial spaces in the soil for better storage root development. 

The fresh and dry weight of storage root were greatest in the rice husk charcoal mass, 

followed by rice husk charcoal mixture, rice husk mass, rice straw mass and rice husk 

mixture. 

Luik el al. (2002) worked on the influence of intercropping and sawdust mulching on carrot 

yield and cntomofunna. They observed that intercropping of carrot with garden beans ( 40 

cm row spacing) and mulching with fresh sawdust significantly disoriented pests and 

decreased the damage of carrots by Trioza viridula (Trizola cirin) and Psi/a rosae. 

Intercropping and sawdust separately did not significantly affect pests. Nineteen species of 

carbides were found in carrot beds. 

condition indicated that the infiltration of rainfall into transplanting holes was white larger 

than the quantity or the water that broccoli crop could collect to the centre. 
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Benoit and Ceustermans ( 1993) observed that two treatments summer and particularly 

autumn were most severely affected by the heat and gave low yields. Nitrate contents of the 

harvested lettuce were much higher than those of controls, since the mulches prevented 

leaching from the soil. Yields were considerably higher on control than on mulched plots; 

Trickle irrigation, treatment summer, was not particularly beneficial to growth but resulted 

in lower nitrate contents than the other treatments. Hochmuth et al. (l 994) carried out a 

field trial in Gainesville, USA in spring 1994, in which crisphead lettuce cv. Desert Queen 

Plants were grown on beds covered with a polythene mulch and drip-system. Plants were 

found to require a maximum of 185 lb N/acrc for the largest head size and highest yield. 

Excessive N fertilizer application (> 200 lb/acre) reduced yields. P fertilizer application did 

not increase yield or quality. 

Shaheen et al. ( 1993) conducted an experiment al the Bangladesh Sugarcane Research 

Institute (BSRI), Jshurdi, Pabna to investigate the effect of duration of straw mulch on 

potato intcrcrop as well as intcrcropped sugarcane. They observed that straw mulch played a 

positive role increase the yield of both potato and sugarcane. Shrivastava et al. (1994) 

reported that black polythene mulch reduced 95% weed infestation. 

Rasul et al. (l 994) conducted an experiment at the Regional Agricultural Research Station, 

Jessore on the production of Mukhi Kachu with different types of mulching materials and 

stated that the mulches significantly improved plant growth and yield. 

Hossain (1996) observed that plant height leaf number, pseudo stern and bulb diameter, dry 

manure content of foliage, bulb weight and bulb yield were found significantly higher for 

mulched than the non-mulched plants in garlic. 
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Al-Assir et al. ( 1991) mentioned that application of clear plastic mulch with or without N 

fertilizer did not significantly increase (P>0.05) yield of lettuce (cv. Paris Island), grown in 

autumn on a polyethylene-clad greenhouse in the Mediterranean mountains. Yield ranged 

from 3 I to 38 kg/50 heads. Leaf N03-N and total P levels were higher in mulched than in 

unmulchcd plants, and in fertilized than in unfertilized plants and were always above the 

sufficiency level in all treatments. Soil levels of N03-N were higher in mulched than 

unmulchcd plots, and in fertilized than in unfertilized plots. Soil N03-N levels in the top 15 

cm of unmulched, unfertilized plots were >41 ppm. This indicates ample supply of N and 

thus explains the lack of response to added N. It may be concluded that in mild climates and 

on soils with adequate N, lettuce will not respond to the use of clear mulch and N fertilizer. 

Abaquia ( 1992) conducted a trial on ginger and studied the interaction effect of three factors 

i.e. shade, mulch and fertilizers. He found that the highest significant yield of 17.21 t/ha was 

obtained from the treatment 200-50-50 kg NPK/ha + mulch followed by the treatment 150- 

50-50 kg NPK/ha mulch with a mean of 16.20 t/ha. The lowest rhizome yield was obtained 

from the treatment 0-0-0 kg NPK/ha +shade with a mean yield and only 5.52 t/ha. 

Choudhury el al. ( 1993) conducted an experiment on sweet potato at BAU with mulching 

trail and stated that mulching significantly influenced the yield contributing characters of 

the crop. Better yield (43.03 t/ha) was obtained from mulch treatment with three irrigation 

at 30 days interval. However, highest yield ( 46.90 t/ha) was obtained from one irrigation at 

30 OAP followed by mulching. Hochmuth and Howell (1993) reported that, leaf area leaf 

number, total dry weight and the highest marketable yield ( 18.6 t/ha) was obtained from 

mulched raised beds where flat non-mulched bed gave the lowest yield (7.0 t/ha), 
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Siddique and Rashid (I 990) conducted an experiment for 3 seasons to study the efTect 

irrigation and mulching on the yields of 3 varieties of potato (Challisha, Lalpakr and Pakri 

In the experiment of Eichin and Oeiser (l 990) growth and development of cabbage were not 

much affected by polyethylene mulching but the incidence of rot in the outer leaves was 

reduced, weed control was better, the final product was cleaner in the mulched plots. 

Sequential cropping of polyethylene mulched, vegetables with either drip or sprinkler 

irrigation resulted in more complete use of mulch, fertilizer, fumigant, fuel and labour and 

reduced mulch disposal problem than a single crop (Clough et al. 1990). 

Anti I et al. ( 1990) conducted an experiment at various sites in the UK to evaluate crop 

covers and mulches against vegetable pests. They found that, crop covers showed 

considerable promise against Delia radicum on cauliflower and significantly reduced 

number or Psi/a rosae on carrot but in the latter case yield tended to be lower compared 

with those from a full standard spray programme. Mulching with polythene showed some 

promise in reducing the incidence of Delia radicum on Brussels sprouts but did not provide 

an effective barrier against pcmphigus bursarius on lettuce. 

For crop growth and yield, soil moisture conservation is an important aspect. Suh et al. 

(1991) conducted an experiment. transparent polythene film and black polythene film 

mulches were appl icd lo onion crops. They stated the mean soil water content was 2.1-2.8% 

higher in the mulched plots than in the non-mulched plots. Taja and Yander (1991) reported 

that. mulching by rice straw with optimum inorganic fertilizer application of 50 kg N/ha 

was good for canopy coverage of potato. They also found rice straw mulch gave higher 

yield in potato. 
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Baldcv et al. ( 1988) stated that rice straw decreased soil temperature at I 0 cm depth by l- 

60C, conserved soil water suppressed weed growth and increased water used efficiency. 

straw. 

Singh and Randhawa (1988) observed that the effect of intercropping and mulch on yield 

and quality of turmeric (C11rc111na /011ga). They stated that intcrcropping of turmeric with 

pigeon pea (Cqja1111s cc!fa11), maize or green gram (Vigna radiata) reduced the availability of 

light and the rhizome yield and the application of straw mulch was more beneficial than 

1988) reported that the growth and yield of cabbage increases with irrigation upto 209.37 

mm of water/ha but in the presence of mulch maximum growth and yield were obtained 

with 161. 72 mm of water/ha. The yield of cabbage was reported to have increased 

significantly from 14.6 kg/plot in unmukhed plot to 31.5 kg/plot when mulched with 

Mulching tomatoes with different colored polyethylene and paper mulch the development of 

different group of microorganisms was increased and an increase in ammonification and 

nitrification occurred from improving temperature, water and air in polyethylene green 

house (Boyajieve and Rankov, 1989). 

Vizzotto and Muller ( l 990) carried out an experiment on 6 soil covers in carrot cultivation 

such as shaded plot, sugarcane bagasse, rice husk, say dust, dry straw or sand. They found 

that, emergence occurred 14 days after sowing encase of shaded plot, which was followed 

by sugarcane bagasse, rice husk and saw dust. 

Lalita). Water hyacinth was used for mulching. From the results obtained they stated that 

the varieties response very well to both irrigation and mulching. 
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Djigrna and Diernkouma (1986) conducted trials with plastic mulch in dry tropical zones on 

vegetable crops. Eggplants yielded 33.48% higher with black polyethylene mulch than 

control. Tomatoes yielded 110.9 t/ha with and 47.6 t/ha without mulch. The higher yield 

due to polyethylene mulch occurred from better moisture conservation, efTcctivc weed 

Aliuddin ( 1986) reported the result of study conducted on garlic cv. Lunlbu Hijau mulched 

with rice straw, rice husk, grass weeds (Penicum distachyum). The yield was observed to be 

the highest (9.18 t/ha) with straw mulch compared with 7.58 t/ha in non-mulched plot. 

Sutatcr ( 1987) in field trail found that the yields were higher in potato with mulch than 

without mulch. Mulch reduced day soil temperature. Struzina and Kromer (1988) stated 

from the economic point of view, the use of straw mulch gave profitable yields covering all 

additional costs. 

Sctiawan and Rangsdale (1987) investigated the efticiency of aluminum foil and oat-straw 

mulches for the control of Macrosteles fascifrons,e vector of aster yellow in carrots, was 

compared with a conventional malathion spray program, in field trail. Both mulches 

reduced Macrosteles fascifrons numbers on carrots compared with an untreated control and 

a malathion spray treatment. The amount of reflected light was significantly higher in both 

aluminum foil and oat-straw mulched plots compared with non-mulched controls. Devaux 

and Havcrkort (1987) observed that mulching reduced the soil temperature due to better 

ground cover. 

According to Berle et al. (1988) black polythene mulch increased yields, gross and net 

returns over conventional practices of muskmelon production. 
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Azad and Nabi ( 1984) stated that, mulching of potatoes with water hyacinth increased 

yields significantly over mulching earthing up. Asandhi el al ( 1989) reported that, straw was 

found to be better mulch material for garlic production than transparent plastic, black plastic 

and cabbage residues. Largest bulbs and the highest number of cloves/bulb were recorded 

with straw mulch. 

In a field trial with three tomato cultivars, Olasantan ( 1985) reported that mulching 

increased seedling dry matter content. The amount of dry matter was increased by 49-207%, 

depending on plant species and growing date. Mulching also increased leaf chlorophyll 

content. Mulching and staking significantly improved vegetative growth, yield and yield 

contributing character of the tomato plants. Mulched plants grew taller and had more 

branches and a greater number and weight of fruits than staked plants. Improved cultivars 

responded better to mulching and staking than the local one. Jacobson el al. (1980) reported 

that during the hot season, black polythene sheet mulch increased soil temperature by 8- 

J 20C in the upper 5 cm layer and thereby controlled the weed in the mulched plots and 

carrot grew normally. 

Kiss ( 1986) reported that mulching with plastic sheet improved soil and air temperature. 

Kim el al. ( 1988) stated that, Mulching with white polythene gave 36. l and 22. 7 t/ha yields 

of potato cv. Dejirna and Russet Burbank, respectively compared with 11.5 and l 0.6 t/ha 

obtained from no mulching. 

control and early crop. In a trial in the hot season however, mulching of vegetables had 

adverse effects except with okra. I\ cost analysis showed that the saving on the cost of water 

and weed control; and higher productivity justify investment in mulching in cool season. 
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Leaf area, leaf number and total shoot dry weight of sweet potato were higher for mulched 

than for unmulchcd plants grown during June-September, 1982 in northern U.S.A 

Roy and Singh ( 1983) in an experiment with rain fed wheat found that mulches reduce the 

losses of moisture through evaporation and moisture use efficiency was highest under 

polyethylene mulch followed by straw stubble and no mulch. They observed that when the 

tomato plants were mulched with rice straw or black plastic, or shaded with transparent 

plastic, the fruit storage and quality indices were the best in variants mulched with plastic or 

shade. 

Manrique and Meyer ( 1984) found that during the winter, soil temperature due to plastic 

mulched plots increased from 18 to 26°C. In general, an increase in temperature results in an 

accelerator salt absorption within a relatively narrow range (Oevline and Witham, 1983). 

These condition gave relatively high tuber yield in most cultivars. In summer, plastic 

mulches significantly increased dry soil temperature to above 30°C giving an unfavorable 

environment from plant growth and tuber formation. Straw mulches maintained stable soil 

temperature (<20°C) in winter. In summer, straw mulches considerable reduced day soil 

temperature but soil temperature during the night were always>20°C. 

Lang (1984) found that polythene mulch increased the yield of potato (31.14-32.5 t/ha) 

compared with no mulch (23.2-32.6 t/ha). Manrique and Mayer ( 1984) observed that plastic 

mulches raised soil temperature during the winter giving significantly higher yield. In 

summer, plastic mulches increased day soil temperature to above 30°C giving an 

unfavorable environment for plant growth and tuber formation in potato. But favorable soil 

temperature in both winter and summer was maintained by straw mulch. 
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Rashid et al. ( 1981) conducted another experiment in Bangladesh and found an increase in 

height of potato plant when mulched with straw and water hyacinth. They also found the 

highest tuber yield with water hyacinth mulch followed by rice straw mulch. Yu et al. 

(I 981) quanti tied increased microbial populations as fungi, actinomyectes, ammonif ying 

bacteria. N-fixing bacteria phospho-bactcria in the mulched plots were 58.3, 25.8, 47.3, 56.3 

and 56.1 %. respectively higher that in the control. 

(Hochmuth and 1 Iowel, 1983). Yield was higher in both flat and raised beds when the mulch 

was present. The highest marketable yield (18.6 t/ha) was obtained from mulched raised 

beds. Flat numulchcd beds gave the lowest yield (7.0 t/ha). Mannan and Rashid (1983) 

reported that the use of stable mulch increased the yield of panchamukhi kachu. They 

indicated that mulching might have reduced the evaporation of soil moisture and thus 

helped in conserving the moisture received in the form of rains during the early stage of 

plant growth. 



Chapter-3 

-1 _Materials and Methods 
- 
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3.3 Weather Condition of the Experimental Site 

The climate of experimental site was under the subtropical climate, characterized by three 

distinct seasons, the monsoon or the rainy season from November to February and the pre­ 

monsoon period or hot season from March to April and the monsoon period from May to 

October (Edris et al., 1979). Mctrological data related to the temperature, relative humidity, 

rainfalls and sunshine during the period of the experiment was collected from the 

Bangladesh Meteorological Dcpartmenl (Climate Division), Shcr-c-Bangla Nagar, Dhaka and 

presented in Appendix - II. 

3.2 Characteristics of Soil 

The soil of the experimental area belongs to the Modhupur Tract (UNDP, 1988) under AEZ 

No. 28 and was non-calcarious dark grey. The selected experimental plot was medium high 

land, p11 of the soil was 5.6 and the soil series was Tejgaon (F AO, 1988). The characteristics 

or the soil under the experimental plot were analyzed in the SRDI, Soil testing Laboratory, 

Khamarbari. Dhaka and presented in Appendix - I. 

3.J Experimental Site 

The experiment was conducted at the farm of Sher-c-Bangla Agricultural University and the 

laboratory of I lorticulturc and Postharvcst Technology of Sher-e-Bangla Nagar, Dhaka, 

Bangladesh. The location of the experimental site is situated in 23°741N latitude and 90°351E 

longitude (Anon, 1989). 

A field experiment was conducted in the field or Shcr-c Bungla Agricultural University. 

Dhaka, Bangladesh <luring the period from November 1006 to February 2007 to find out the 

effect of nitrogen and mulching on the growth and yield of lettuce. The materials and 

methods conducted for the experiment are presented under the following headings: 

MATERIALS AND METHODS 
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experiment is shown in Figure - I : 

3.6 Experimental design and layout 

Two factors experiment was laid out following Randomized Complete Block Design (RCBD) 

with three replications. An area of 25.5 m x 11.2 m was divided into three equal blocks. Each 

block was divided into 16 plots where 16 treatment combinations were allotted at random. 

There were 48 unit plots altogether in the experiment. The size of each plot was 2.4 m x 1.0 m. 

The distance between two blocks and two plots were 1.0 m and 0.5 m respectively. The seeds 

were sown maintaining distance row lo row 40 cm and plant to plant 25 cm. The layout of the 

There were 16 (4 x 4) treatment combinations such as NoMo, NoMi. NoM2, NoM3, N1M0, N1Mi. 

Factor A: Nitrogen (4 levels) 

1. N0: 0 kg N/ha (Control) 
11. N1:60kgN/ha 
111. N2: 80 kg N/ha 
rv, N3: I 00 kg N/ha 

Factor 8: Mulching (4 types) 

1. Mo: No mulching (Control) 

11. M1: Rice straw 

111. M2: Water hyacinth 
rv. M3: Black polythene 

3.5 Treatment of the Experiment 

The experiment was carried out to find out the effects of different levels of nitrogen and 

mulching on the growth and yield of lettuce. The experiment considered two factors: 

seeds were collected from Dhaka seed store, Siddique Bazar, Dhaka. 

3.4 Planting Materials 

Seeds or lettuce cul ti var, Grand rapid were used in the experiment on 11111 November, 2006. The 



25 

Figure 1 : Field layout of two factors experiment in the Randomized Complete 
Block Design (RCBD) 

N 
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Healthy and uniform sized seedlings were transplanted in the main field according to the 

treatments on December 07, 2006. The seedlings were uprooted carefully from the seedbed 

3.9 Transplanting of Seedlings in the Main Field 

The selected experimental plot was opened in the last week of November 2006 with a power 

tiller and was exposed to the sun for a week. After one week the land was harrowed, 

ploughed and cross-ploughed several times followed by laddering to obtain a good tilth. 

Weeds and stubbles were removed and finally obtained a desirable tilth of soil for planting 

of lettuce seedlings. The experimental plot was partitioned into the unit plots in accordance 

with the experimental design nitrogen and mulching as per treatments were applied of each 

unit plot. The soil was treated with fungicide cupravit against the fungal attack. 

3.8 Preparation of the Main Field 

The seedlings were raised al the I Iorticultural Farm, SAU. Dhaka under special care in a Jm 

x Im size seed bed. The soil of the seed bed was well ploughed with spade and prepared 

into loose friable dried masses to obtain good tilth to provide a favorable condition for the 

vigorous growth of young seedlings. Weeds, stubbles and dead roots of the previous crop 

were removed. The seedbed was dried in the sun to destroy the soil insect and protect the 

young seedlings from the attack of damping off disease. To control damping off disease 

cupravit fungicide were applied. Decomposed cowdung was applied to prepare seedbed at 

the rate of l 0 t/ha. Lettuce seeds were soaked in water for 48 hours and then seeds were 

mixed with soil and sown in seed bed. Ten (I 0) grams of seeds were sown in each seedbed 

on November 11, 2006. 

3.7 Raising of seedlings 
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better growth and development of Lettuce seedlings. 

Various intercullural operations, thinning, weeding, top dressing was accomplished for 

When the seedlings established in the beds it was always kept under careful observation. 

3.11 I ntercultural operation 

Fertilizers Dose/ha Application(%) 
Basal 10 DAT 20DAT 300AT 

Cowdung I 0 tons 100 -- -- -- 

Nitrogen As treatment -- 33.33 33.33 33.33 

P205 (as TSP) 150 100 -- -- -- 

K20 (as MP) 200 100 -- -- -- 

Table I: Dose and method of application of fertilizers in lettuce field 

fertilizers were used which are shown as tabular form recommended by Rashid (1993). 

was also applied during final land preparation. The following amount of manures and 

installments at I 0, 20 and 30 days after seedling transplanting. Well-rotten cowdung I 0 t/ha 

TSP and MP were applied during the final land preparation. Urea was applied in three equal 

The sources of N as urea, TSP and MP were applied respectively. The entire amounts of 

3.IO Application of Manure and Fertilizers 

experimental plots for gap filling if necessary later on. 

plant to plant were maintained. A number of seedlings were also planted in the border of the 

the afternoon. During transplanting a spacing of 25 cm x 40 cm between row to row and 

seedbed was watered one hour before uprooting the seedlings. Transplanting was done in 

to avoid any damage to the root system. To minimize the roots damage of the seedlings the 
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3.13 Harvesting 

To evaluate yield, four harvesting were done at different growth stage. First harvesting was 

done at 25 days after transplanting. Second, third and forth harvesting were done 35, 45 and 

55 days after transplanting respectively. Different yield contributing data have been 

3.12 Plant Protection 

For controlling leaf caterpillars Nogos@ I ml/L water were applied 2 times at an interval of 

I 0 days starting soon after the appearance of infestation. No remarkable attack of disease 

was found. 

3.11.3 Top Dressing 

After basal dose of entire cowdung, TSP, and MP at final land preparation, the total amount 

of urea were applied as per treatment in each plot, were used as top dressed in 3 equal 

installment at I 0,20 and 30 days after seedlings transplanting. The urea was applied on both 

sides of plant rows and mixed well with the soil by hand. Earthing up was done with the 

help or nirani immediately after top-dressing of nitrogen fertilizer. 

Weeding was done to keep the plots free from weeds, easy aeration of soil, which ultimately 

ensured better growth and development. Breaking the crust of the soil was done when 

needed. 

3.11.2 Weeding 

3.11.1 Irrigation and drainage 

Slight over-head irrigation was provided with a watering can to each plot once immediately 

after transplanting seedling in the main field for better establishment of seedlings. 
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3.14.3 Length of leaf (cm) 

The length of leaf was measured by using a meter scale. The measurement was taken from 

base to tip of the leaf. Average length of leaves was taken from 5 random selected plants 

from inner rows of each plot. Data was recorded from 25 to 55 DAT at I 0 days interval. 

Mean was expressed in centimeter (cm). 

3.14.2 Number of leaves per plant 

The total number of leaves per plant was counted. Data were recorded as the average of 5 

plants selected at random from the inner rows of each plot starting from 25 to 55 DAT at I 0 

days interval. 

3.14.1 Plant height (cm) 

The height of plant was taken from 5 random selected plants from inner row of each plot 

and expressed in centimeter (cm) at 25, 35, 45 and 55 days after transplanting (DJ\ T) in the 

experimental plots. The height was measured from the attachment of the ground level up to 

the tip of the growing point. 

3.14 Data collection 

Data were recorded on the following parameters from the sample plants during the course of 

experiment. Five plants were randomly selected from each plot for the collection of data 

while the whole plot crop was harvested to record per plot data. The plants in the outer rows 

and the extreme end of the middle rows were excluded from the random selection to avoid 

the border effect. 

recorded from the mean of 5 harvested sample plants which was selected at random of each 

unit plot or every harvesting stage. 
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3.14. 7 Yield per plot (kg) 

Yield of lettuce per plot was recorded as the whole plant in every harvest within a plot (2.4 

m x 1.0 m) and was expressed in kilogram. Yield included weight leaves at different 

harvested time. 

Fresh weight 
x JOO % Dry matter content = 

Dry weight 

3.14.6 Dry matter content in plant(%) 

After harvesting I OOg of leaf sample previously sliced into very thin pieces were put into 

envelop and placed in oven and dried at 60°C for 72 hours. The sample was then transferred 

into desiccators and allowed to cool down to the room temperature and then final weight of 

the sample was taken. The dry matter contents of leaves were computed by simple 

calculation from the weight recorded by the following formula 

3.14.S Yield per plant (g) 

Leaves of 5 randomly selected plants were detached by a sharp knife and fresh weight of 

leaves was recorded in gram. Data were recorded as the average of 5 random selected plants 

of inner rows of each plot starting from 25 to 55 DAT al 10 days interval. 

Breadth of leaf was recorded us the average of 5 petiole selected at random from the plant of 

inner rows or each plot starting from 25 to 55 DAT al I 0 days interval. lhus mean was 

recorded and expressed in centimeter (cm). 

3.14.4 Breadth of Jeaf (cm) 



31 

Total cost of production per hectare (Tk.) 
Benefit cost ratio= 

Gross return per hectare (Tk.) 

3.16 Economic analysis 

The cost of production was analyzed in order to find out the most economic treatment of 

nitrogen and mulching. All input cost were considered in computing the cost of production. 

The market price of lettuce was considered for estimating the return. The benefit cost ratio 

(BCR) was calculated as follows: 

3.15 Statistical Analysis 

The data obtained from different parameters were statistically analyzed to find out the 

significance difference nitrogen and mulching on yield and yield contributing characters of 

lettuce. The mean values of all the characters were calculated and analysis of variance was 

performed by the 'F' (variance ratio) test. The significance of the difference among the 

treatment combinations means were estimated by the Duncan's Multiple Range Test 

(DMRT) at 5% level of probability (Gomez and Gomez, 1984). 

3.14.8 Yield per hectare (tonnes) 

Yield per hectare of lettuce was calculated by converting the weight of plot yield to hectare 

and was expressed in ton. 



Chapter-4 

-1 _Results and Discussion 
- 
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4.1 Plant height 

Plant height differed significantly due to the application of different level of nitrogen and 

mulching at 25, 35, 45 and 55 DAT (Figure 2 & 3). At 25 DAT the taJlest (16.77 cm) plant 

height was recorded from N2 (80 kg N/ha) which was statistically identical (16.04 cm) with 

N3 ( 100 kg N/ha), while the control (0 kg N/ha) gave the shortest ( 11.65 cm) plant height. 

The tallest (23.42 cm) plant height was observed from N2 (80 kg N/ha), which statistically 

similar (2 I .79 cm) with N3 and the shortest (17.44 cm) was found from control at 35 DAT. At 

45 DAT the tallest (28.65 cm) plant height was recorded from N2 which was statistically 

identical (27.24 cm) with N3 and the shortest (21.94 cm) was from control. The tallest (30.49 

cm) plant height was recorded from N2 at 55 DAT which was statistically similar (29.88 cm) 

with N3, while control gave the shortest (24.04 cm) plant height. These results indicate that 

nitrogen increases the growth of lettuce which ensured the tallest plant height than control. In 

generally plant height increased gradually in the early stage and latter on it follow a slower 

trend of increse. Similar results were found in lettuce by Hochmuth el al. ( 1994) and Karacal 

and Turetken (1992) from their experiment. The findings of this experiment also conflict with 

the findings of Baca et al. ( 1993) and they reported that 80 kg n/ha gave the best performance 

in lettuce. 

The present experiment was conducted to determine the effect or different levels of nitrogen 

and mulching on growth and yield of lettuce. Data on different yield contributing characters 

and yield at different days after transplanting (DAT) were recorded to find out the optimum 

levels of nitrogen and effective mulch material on lettuce. The analysis of variance 

(ANOV A) of the data on different yield components and yield are given in Appendix Ill-VI. 

The results have been presented and discussed, and possible interpretations given under the 

following headings: 

RESULTS AND DISCUSSIONS 
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M1 : Rice straw 
MJ: Black polythene 

M0: No mulch 
M2; Water hyacinth 

Figure 3. Effect of mulching m plant height of lettuce 
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A significant variation was found due to combined effect of nitrogen and mulching in terms of 

plant height at different days after transplanting (Appendix Ill). The tallest (20.51 cm) plant 

height was recorded at 25 DAT from the combined effect of N2M3 (80 kg N/ha + black polythene 

mulch) which was similar ( 19.11 cm) to N2M2, while N0M2 (0 kg N/ha +water hyacinth) gave the 

shortest (I 0.50 cm) plant height (Table 2). At 35 DAT the tallest (27.0 I cm) plant height was 

observed from the treatment combination of N2M3• which was followed by N2M1 (24.15 cm) and 

N2M2 (25.65 cm), whereas the shortest (16.09 cm) was recorded from N1Mo (60 kg N/ha+ no 

mulch). At 45 DAT the tallest (33.91 cm) plant height was recorded from the treatment 

combination of N2M3 and the shortest ( 19.07 cm) was recorded from N1 M0• The tallest (36.00 

cm) plant height was recorded from the treatment combination of N2M3 and the shortest ( 19.40 

cm) was found from the treatment combination of N2M0 at 55 DAT. From the results it was 

reveals that both nitrogen and mulching favored the plant height. 

Different mulching showed significant variations on the plant height at 25, 35, 45 and 55 DAT. 

The tallest ( 16. 70 cm) plant height was recorded from M3 (black polythene) which was closely 

(14.84 cm and 14.1-1 cm) lollowcd by M2 (Water hyacinth) and M1 (rice straw), respectively and 

the shortest ( 12.18 cm) was obtained from control i.e. no mulching at 25 DAT. At 35 DAT the 

tallest (22.63 cm) plant height was found from M3 which was statistically similar (21.30 cm) with 

M2, while the shortest (17.76 cm) was found from control. The tallest (28.82 cm) plant height was 

recorded from M3 which was similar (27.32 cm) with M2 and the shortest (20.27 cm) was 

recorded from control at 45 DAT. At 55 DAT the tallest (31.06 cm) plant height was recorded 

from M3 which was statistically identical (29.25 cm) with M2 and the shortest (21.69 cm) was 

found from control. From the results it was found that black polythene was more effective than 

other mulching materials under the trial. Azad and Nabi (1984) stated that similar findings from 

their experiment with potato cultivation. 
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Different mulching showed significant variations on the number of leaves per plant at 25, 35, 

45 and 55 DAT. The maximum (15.32) nwnber of leaves per plant was recorded from M3 

(black polythene) which was closely (13.79 and 13.50) followed by M2 (water hyacinth) and 

M1 (rice straw) respectively and the minimum (12.17) was obtained from control i.c, no 

mulching at 25 DAT (Figure 5). At 35 DAT the maximum (23.1 l) number of leaves per plant 

was found from M3 which was closely (21.97 and 21.73) followed by M2 and M1, respectively, 

while the minimum (18.49) was found from control. The maximum (26.36) number of leaves 

per plant was recorded from M3 which was statistically similar (25.35 and 25.06) with M2 and 

M1, while the minimum (19.88) was recorded from control at 45 DAT. At 55 DAT the 

maximum (28.29) number of leaves per plant was recorded from M3 which was statistically 

identical (27 .29) with M2, while the minimum (2 l.15) was found from control. From the 

results it was found that black polythene was more effective than other mulching materials 

under the trial. Lang (1984) found that polythene mulch increased the yield of potato. 

4.2 Number of leaves per plant 

Number of leaves per plant differed significantly due to the application of different level of 

nitrogen and mulching at 25, 35, 45 and 55 DJ\ r (Figure 4 and 5). At 25 DJ\ T the maximum 

(15.28) number of leaves per plant was recorded from N2 (80 kg N/ha) which was statistically 

identical (15.08) with N3 ( l 00 kg N/ha), while the control (0 kg N/ha) gave the minimwn 

(11.28) number of leaves per plant (Figure 4). The maximum (22.82) number of leaves per 

plant was observed from N2 which was closely (21.65) followed by N3 and the minimum 

(19.30) was found from control condition at 35 DAT. At 45 DAT the maximum (25.78) 

number of leaves per plant was recorded from N2. which was statistically identical (25.28) with 

N3 and the minimum (21.39) was from control. The maximum (28.01) number of leaves per 

plant was recorded from N3 at 55 DAT, which was statistically similar (27.75) with N2, while 

control gave the minimum (22.67) number of leaves per plant. 



37 

M1 : Rice straw 
M3 : Black polythene 

Mo: Nomulch 
M2: Water hyacinth 

Figure 5. Effect of mulching on number of leaves of lettuce 
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4.3 Length of leaf 

Length of leaf differed significantly due to the application of different level of nitrogen and 

mulching at 25, 35, 45 and 55 DAT (Table 3). At 25 DAT the maximum ( 14.05 cm) length of 

leaf was recorded from N2 (80 kg N/ha) which was statistically identical (13. 74 cm) with N3 

(J 00 kg N/ha), while the control (0 kg N/ha) gave the minimum ( 10.27 cm) length of leaf .The 

maximum (19.68 cm) length of leaf was observed from N2 which statistically similar (18.50 

cm) to N3 and (18.40) to N 1, while the minimum ( 16.06 cm) was found from control at 35 

DAT. At 45 DAT the maximum (21 .97 cm) length of leaf was recorded from N2 which was 

statistically identical (21.38 cm) with N3 and (20.79) with N1• while the minimum (18.34 cm) 

was from control. The maximum (25.17 cm) length of leaf was recorded from N3 at 55 DAT, 

which was statistically similar (25.05 cm) with N2, while control gave the minimum (19.94 

cm) length of leaf. These results indicate that nitrogen increases the growth of lettuce which 

ensured the maximum length of leaf than control. 

A significant variation was found due to combined effect of nitrogen and mulching in terms of 

number of leaves per plant at different days after transplanting (Appendix JII). The maximum 

(18.02) number of leaves per plant was recorded at 25 DJ\T from the combined effect of N2M3 

(80 kg N/ha + black polythene mulch), which was statistically similar (16.56 and J 6.47) to 

N2M2 and N3MJ. while NoM2 (0 kg N/ha +water hyacinth) gave the minimum (10.45) number 

of leaves per plant (Table 2). At 35 DAT the maximum (25.93) number of leaves per plant was 

observed from the treatment combination of N2M3. whereas the minimum ( 16. 71) was recorded 

from N2Mo. At 45 DAT the maximum (29.32) number of leaves per plant was recorded from 

the treatment combination of N2M3 and the minimum (I 8.01) was recorded from N2Mo. The 

maximum (31. 74) number of leaves per plant was recorded from the treatment combination of 

N2M3 and the minimum (19.62) was recorded from the treatment combination of N 1M0 at 55 

DAT. 
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A significant variation was found due to combined effect of nitrogen and mulching in terms of 

length of leaf at different days after transplanting (Appendix IV). The maximum (16.80 cm) 

length of leaf was recorded at 25 DAT from the combined effect of N2M3 (80 kg N/ha + black 

polythene mulch), which was similar (15.36 cm) to N2M2 (80 kg N/ha +water hyacinth), while 

NoM2 (0 kg N/ha + water hyacinth) gave the minimum (9.69 cm) length of leaf (Table 4). At 

35 DJ\ T the maximum (22.86 cm) length of leaf was observed from the treatment combination 

or N2M3 whereas the minimum (13.56 cm) was recorded from N2M0. At 45 DAT the 

maximum (25.56 cm) length of leaf was recorded from the treatment combination ofN2M3 and 

the minimum (14.39 cm) was recorded from N2Mo. The maximum (28.90 cm) length of leaf 

was recorded from the treatment combination of N2M3 and the minimum (17.41 cm) was 

recorded from the treatment combination of N2Mo at 55 DAT. Kim el al. ( 1988) stated that, 

Mulching with white polythene gave 36.1 and 22.7 t/ha yields of potato cv. Dejima and Russet 

Burbank, respectively compared with 11.5 and 10.6 t/ha obtained from no mulching. 

Different mulching showed significant variations on the length of leaf at 25, 35, 45 and 55 

DAT. The maximum (14.09 cm) length of leaf was recorded from M3 (black polythene), the 

minimum (I 0. 92 cm) was obtained from control i.c. no mulching at 25 DAT (Table 3 ). J\t 35 

DAT the maximum (19.95 cm) length of leaf was found from M3 which was statistically 

similar ( 18.80 cm) to M2 water hyacinth, while the minimum (15.33 cm) was found from 

control. The maximum (22.65 cm) length of leaf was recorded from M3 which was similar 

(21.66 cm and 21.45 cm) with M2 and Mi, while the minimum (16.72 cm) was recorded from 

control at 45 DAT. At 55 DAT the maximum (25.45 cm) length of leaf was recorded from M3 

which was statistically identical (24.39 cm and 23.91 cm) with M2 and Mi, while the minimum 

(18.99 cm) was found from control. From the results it was found that black polythene was 

more effective than other mulching materials under the trial. 
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A significant variation was found due to combined effect of nitrogen and mulching in terms 

of breadth of leaf at different days after transplanting (Appendix IV). The maximum (10.65 
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Different mulching showed significant variations on the breadth of leaf at 25, 35, 45 and 55 

DAT (Table 3). The maximum (8.82 cm) breadth of leaf was recorded from M3 (black 

polythene) and the minimum (6.78 cm) was obtained from control i.e. no mulching at 25 

DAT. At 35 DAT the maximum (12.14 cm) breadth of leaf was found from MJ, while the 

minimum (9. 77 cm) was found from control. The maximum (27.0 I cm) breadth of leaf was 

recorded from M3 which was statistically similar (26.05 cm and 25.50 cm) with M2 and M1, 

while the minimum (19. I 4 cm) was recorded from control at 45 DAT. At 55 DAT the 

maximum (30.51 cm) breadth of leaf was recorded from M3 which was statistically identical 

(28.01 cm) with M2, while the minimum (21.30 cm) was found from control. From the results 

it was found that black polythene was more effective than other mulching materials under the 

trial. 

4.4 Breadth of leaf 

Breadth of leaf differed significantly due to the application of different level of nitrogen and 

mulching at 25, 35, 45 and 55 DAT (Table 3). At 25 DAT the maximum (8.81 cm) breadth of 

leaf was recorded from N2 (80 kg N/ha) which was statistically identical (8.44 cm) with N3 

(JOO kg N/ha), while the control (0 kg N/ha) gave the minimum (6.60 cm) breadth of leaf. 

The maximum (12.64 cm) breadth of leaf was observed from N2 and the minimum (9.14 cm) 

was found from control condition at 35 DAT. At 45 DAT the maximum (26.49 cm) breadth 

of leaf was recorded from N3 which was statistically identical (26.26 cm) with N2 and the 

minimum (21.07 cm) was from control. The maximum (29.89 cm) breadth of leaf was 

recorded from N2 at 55 DAT, which was statistically similar (28.28 cm) with N3, while 

control gave the minimum (23.39 cm) breadth of leaf. These results indicate that nitrogen 

increases the growth oflettucc which ensured the maximum breadth oflcaf than control. 
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experiment. 

4.S Leaf yield per plant 

Leaf yield per plant differed significantly due to the application of different level of nitrogen 

and mulching at 30, 40, 50 and 55 DAT (Table 5). At 25 DAT the maximum (279.08 g) leaf 

yield per plant was recorded from N2 (80 kg N/ha) which was statistically identical (273.81 g) 

with N3 (100 kg N/ha), while the control (0 kg N/ha) gave the minimum (203.78 g) leaf yield 

per plant. The maximum (349.81 g) leaf yield per plant was observed from N2 which 

statistically similar (333.09 g and 327.17 g) with N3 and N1, while the minimum (295.73 g) 

was found from control at 35 DAT. At 45 OAT the maximum (423.75 g) leaf yield per plant 

was recorded from N2 which was statistically identical ( 411.68 g and 391.55 g) with N3 and 

N,, the minimum (354.66 g) was found from control. The maximum (474.24 g) leaf yield per 

plant was recorded from N3 at 55 DAT which was statistically similar (472.24 g) with N2, 

while control gave the minimum (374.92 g) leaf yield per plant. These results indicate that 

nitrogen increases the growth of lettuce which ensured the maximum leaf yield per plant than 

control. The result is consistent with that of Hochmuth and Howell (1983) from their 

cm) breadth of leaf was recorded at 25 OAT from the combined effect of N2M3 (80 kg N/ha + 

black polythene mulch), which was statistical identical (9.98 cm) with N2M2 (80 kg N/ha + 

waler hyacinth). while N0tvh (0 kg N/ha + water hyacinth) gave the minimum (6.04 cm) 

breadth of leaf (Table 4). At 35 DAT the maximum (14.45 cm) breadth of leaf was observed 

from the treatment combination of N2MJ. which was similar (13.73cm and 12.97 cm ) to 

N2M2 and N2M1, whereas the minimum (8.64 cm) was recorded from NoM2. At 45 DAT the 

maximum (30.66 cm) breadth of leaf was recorded from the treatment combination of N2M3 

and the minimum (18.61 cm) was recorded from N1Mo. The maximum (35.99 cm) breadth of 

leaf was recorded from the treatment combination ofN2M3 and the minimum (19.99 cm) was 

recorded from the treatment combination ofN2M0at 55 DAT. 
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J\ significant variation was found due to combined effect of nitrogen and mulching in terms 

of leaf yield per plant at different days after transplanting (Appendix V). The maximum 

(327.46 g) leaf yield per plant was recorded at 25 DAT from the combined effect of N2M3 (80 

kg N/ha + black polythene mulch), which was statistically identical (30 I .4g and 298.87g) 

with N2M2 (80 kg N/ha+ water hyacinth) and N3M3 (JOO kg N/ha +black polythene), while 

NoM2 (0 kg N/ha +water hyacinth) gave the minimum (189.77 g) leaf yield per plant (Table 

6). At 35 DAT the maximum (399.16 g) leaf yield per plant was observed from the treatment 

combination of N2M3 whereas the minimum (250.17 g) was recorded from N2M0. At 45 OAT 

the maximum (493.25 g) leaf yield per plant was recorded from the treatment combination of 

N2M3 and the minimum (267.75 g) was recorded from N2M0. The maximum (562.99 g) leaf 

yield per plant was recorded from the treatment combination of N2M3 and the minimum 

(286.34 g) was recorded from the treatment combination ofN1M0at 55 DAT. 

Different mulching showed significant variations on the leaf yield per plant at 25, 35, 45 and 

55 DJ\T. The maximum (277.91 g) leaf yield per plant was recorded from M3 (black 

polythene) and the minimum (221.36 g) was obtained from control i.e. no mulching at 25 

DAT (Table 5). Al 35 DAT the maximum (354.91 g) leaf yield per plant was found from M3 

which was statistically similar (339.27 g and 333.54 g) with M2 and M1, while the minimum 

(278.08 g) was found from control. The maximum (438.99 g) leaf yield per plant was 

recorded from M3 which was similar ( 420. 70 g and 414.31 g) with M2 and M 1, while the 

minimum (307.64 g) was recorded from control at 45 DAT. At 55 DAT the maximum 

(487.48 g) leaf yield per plant was recorded from M3 which was statistically identical (464.74 

g and 449.13 g) with M2 and Mi, while the minimum (326.59 g) was found from control. 

From the results it was found that black polythene was more effective than other mulching 

materials under the trial. 



E 
..D 

(I) 
..D 
0 .... 
0. ..... 
0 

"i) 
> j,! 

"" 0 
0 .... 
Q) 
c. .,, 
('O 

.Q 
~ 
v 

t.::: ·a 
OI) 
'iii .... 
~ 
:0 ,....., .,, 
'c' 
Q) 
t: 
j,! .... 
~ 
j~ .,, 
.!!! 
-0 
Oil V') 
c v '> 
(I) 

.J:: 
Q) .,, 
0 
'5 
-0 c 
(I) 

-; 
.!:! c 

Q) 

:'2 
..?;- 
-; 

Q) ·~ ..c: c 
.!!! 

... Q) 

§ ·=? ;s v ;>., .,, .J:: <ll_ 

..!::! (I) >, 0 
<I) c .J:: 0. 
@ :::s .,, ... ~ ,..... E <I) ~ v 
VI 0 v <'Cl "' .....,, z ~ ~ 05 ... 
Q) 
t: ·o ·..:. ·,.:. ·,;.. 
j,! ::E ::E ::E ::E 
~ 
E 
'iii 
00 .s 
> 
(I) 

..c: 
VI 

la (I) 

Q) (I) (I)~ 

E (I)~~ :z 
c; ~ Z Z OI) 
E Oil Oil~ 
:::s oo~ ~ 0 
0 ~000 
v 0\000 - 
(I) ·o ·..:. ·~. ·,; 
.5 :z:z z :z 

... 
c 
Q) ... = 0 
(.I 

.... 
Q) 
t: ~ s c 
'O 
'O = ~ 

f- ..0 ..0 
..0 

< () <'Cl o ..0 <'Cl <'Cl 
M \0 If"\ \0 00 00 0 - 0 00 

Cl "': ~ M If"\ 00 N lf"\ 00 "': 00 - 
If) - r"'i IJ"\ r"'l ~ ('I f"'l M -t \0 - 
or, - - - - 0 - - - - 0 \0 

,__ ,_ -- - ,__ 

f- ..0 ..0 ..0 
..0 

< o <'Cl () <'Cl <'Cl 
N - 0 0 °' M N If"\ M °' Cl ~ <"'! ~ <"'! - M <"'! ~ - - - 

If) 0 - N - ....... ci - - N r-- ~ 
""1' - - - - ci - - - - 0 ....... 
- - ell - c: 

<'Cl 
0. ..0 c: f- <'Cl <'Cl <'Cl ·- < () ..0 ..0 o ..0 ,...... °' - II"\ II"\ - '$. Cl ""1' ....... If"\ ,,.., °' l() °' M I'; °' lf"\ 

"': 00 00 ~ 00 ....... ci l.O <'") 
'"-' I() - o\ o\ 0 ci c: M 00 °' - 0 00 - - 00 

Q) - .... c: 
0 
() .... 
Q) 
t: f- <'Cl <'Cl ..0 
E -c () ..0 N ..0 00 o ..0 <'Cl <'Cl 00 

g Cl N ........ "': If"\ N N \0 o: °' N If"\ ,,.., - ~ 0 00 II"\ - - M ....... V'\ ~ 
N 00 °' - 00 0 oc:i o\ o\ o\ ci \0 

- '- 

f- ..0 ..0 <'Cl <'Cl ..0 <'Cl <'Cl <'Cl 

<( N 0 ""1' 00 °' M ""1' 00 

°' "! "! If"\ If"\ II"\ - ....... ""1' ,,.., II"\ 
Cl -.:f' \0 N ""1' ~ "° o. ""1' ........ ~ ~ 
If"\ ........ 0 ....... ....... - N ""1' \0 00 - - II"\ M ""1' v v v M v v v v - - 

f- ..0 <'Cl <'Cl <'Cl ..0 <'Cl <'Cl ell 

-c \0 If"\ V'\ 00 
~ - 0 °' 0 ~ V'\ I'; ~ - M ........ °' - M 

v - M - "': ........ ..j. ci oc:i "': - ,,.., ,,.., o- N - M 0 - N M M 0 
-q- M M ""1' ""1' M M ""1' ""1' "<t M - 

I-- 

f- ..0 <'Cl <'Cl <'Cl ..0 <'Cl <'Cl <'Cl 

< M e- - o- 00 -e- ....... - ........ - 00 0 °' ~ II"\ <"'! o- °' Cl ,,.., ....... °' r"'l V'\ 00 M °' v II') 0 

ro If) °' N v M N ........ ('"'l M ,,.., N <"') 

~ 
M N M M M N N M ('<"\ M N 00 

,__ 

~ ~ 
"O 
Qj f- (.) ..0 <'Cl <'Cl () ..0 ..0 <'Cl 
·;;., <( 00 0 00 - \0 ........ N - ....... ....... 0 00 ""1' M 00 <"! °' ""1' 
'- 0 "': r-..: ""1' ....... 

<'Cl M 00 o- M - ""1' - .s V'\ 0 M ....... ........ °' N ""1' lf"\ ........ o\ <"') 

N N N N N ..... N N N N - °' -- 
~ c; "' 

,....... 
.... «=! CJ «=! ~ c: c: 0 - "' ...., ~ c: 0 - "' 

...., ~ ~ 
Q) 

~ z z z; z Cl ~ ~ ~ ~ 0 
E (/) :a (/) > 
co 0 ....J 

(J ....J u ... = Q) .... .... z ~ f- 



E ·;;; 
00 
c: .> 
"' ..c: 
"' c 
"' Cl) 

E 
c 
§ 
0 
(.) 

"' c - 

:.0 
"' .0 e c.. .... 
0 

.... 
0 

c 
.<;::: 

c 
0 
OJ) 
c 
.c 
~ = E 
'O c 

c:IS 
c 
Q) 
OJ) 
0 ... 

~() ..c: '- ..c: .s: ..!:!> Q) Cl) Cl) 

!- .s: ..!:!> $ Q) -0 -0 o -0 -0 -0 o 
< Ol) ..s:: "'C () () ..0 Q) ..0 "' "' o o () ..0 

00 - II") 00 o- V'\ o-, - - o- N r- V'\ \0 r- V'\ V'\ 0 "'1: \0 0 V'\ \0 r- !': "'1: 0-: <"! 0 0 0 C'! M V'\ r- - 
11") - - - - ('l M M 7 - 11") r- r- M M M "1" <"! - 
•l"l - - - - - - - - - - - - - - - - - \0 
~ 

$ $ '- $ $ $ ..!:!> ..!:!> Q) Q) 

!- Q) Q) -0 -0 ..!:!> o ..0 0) Q) Q) "'C 

< Q) "'C Q) -0 () o ..0 "' "' "'C "'C -0 () 

\0 0.0 el) V'\ N V'\ V'\ 0 N - V'\ N N \0 °' M r- 0 ~ \0 - C'! - - ~ 0-: ~ 0-: 0 \0 - 00 ~ !': M - 
V'\ 0 0-: 00 0 0 - - - 0 N -.i- -.i- - 0 - - ~ \0 
v - °' °' - - - - - - - - - - - - - - r-- .... 

"' ... c 
"' 0. Q) 

c !- '- "'C "'C () ..0 ..... ..... '- "'C ·- < Q) () () '- ..0 "' "' Q) Q) Cl) () 

,.-.... '- '- ..... ..... ..... "'C \0 M Q) 0 0 - "'C -0 "'O M N 
~ 0 r- o- \0 N - 00 "'1: r- \0 V'\ !': ~ V'\ 00 \0 <'! 00 V'\ 
~ V'\ ~ C'! <"! \0 \0 \0 0 0 e- - N M V'\ ~ 00 0 <"! M .... M 00 00 00 00 00 o- - - 00 - - - °' °' °' - ....... 00 c 
Q) .... c 
0 u .... 
Q) 
t:: f- Q) ..0 Q) Q) 
(IS Q) Q) "'O "'O () (IS (IS (IS Q) "'C "'O "'C 
E -c Q) Q) Q) "'O "'O () o ..0 Q.) 0 N - -0 o 0 o \0 

g 0 "<t v M °' N \0 r- M v r- V'\ r- o-; V'\ M N V'\ V'\ 
V'\ - - °' N <"! 00 M r- e-- 0 - - C'! 0-: r- ~ 0 0-: 
N 00 00 r- 00 00 00 °' °' i--'. - - - 00 00 00 o- - \0 

·- '- ..!:!> Q) "'C "'O "'C ..s:: ;§> ·- $ ..s:: ..!:!> Q) "'C _g ·- o _g _g 
..!:!> "'O Cl) o ..0 ~ ..0 

!- Q) Q) Cl) ·- () -0 ..0 ..s:: (IS "' "' (IS (IS (IS 

-c M N 0 M v N N v r- 0 0 °' v 00 M V'\ 

0 00 N C'! ~ <"! - ~ 0-: - 0-: 0-: 0-: 0 N "'1: V'\ 0 V'\ 
N °' 0 r- \0 N v - N 0 N N V'\ -.i- - r- 0-: \0 

V'\ 00 \0 V'\ e- 00 v M \0 °' °' v \0 v °' M N M - V'\ M M M M N v v "<t N v V'\ V'\ M v V'\ V'\ 00 - 
Q) "'O () o '- "'C "'C Q) o ....... ..0 ..0 .0 Q) .0 ..0 

!- 0 o "'O .0 Q) (IS (IS "' ....... (IS (IS (IS "'C (IS "' "' -c N °' v 0 M 0 V'\ 0 V'\ o- M V'\ V'\ V'\ 00 M 

0 v ~ °' ~ r- 00 ~ C'! r- 00 - C'! \0 00 C'! 0-: N M 
V'\ 0 N °' °' r- -e- v r- V'\ 00 M r- N r- 00 00 - 

V'\ V) V'\ v \0 r- - N "<t \0 V'\ r- °' N M M "<t \0 0 v M M M M N v v v N "<t "<t "<t M v "<t v \0 - 
Q) Q) Q) ..... ..... ..... "'C "'C Q) "'O "'C o 

Q) Q) ..... Q) o o ..0 ..0 ..0 "'O () (..) ..0 
!- "'O "'O Q) "'O ....... ..0 ..0 "' ..... "' (IS "' () ..0 ..0 "' < r- 00 M M °' - r- - r- M \0 \0 00 M - N 

0 t-- M 00 0-: M v \0 <'! - 0-: 0-: - °' "<t \0 M 00 
V'\ v - 0 ..c 0 V'\ \0 0 00 0 °' °' 0 00 M - 0 - M 

(IS V'\ °' °' °' 0 V'\ v v \0 V'\ \0 00 °' 0 M M V'\ •l"l .... M N N N M N M M M N M M M M M M M "<t 00 
c: 
"' I~ ..!:!> ....... Q) 

"'O ..!:!> Q) "'O "'C "'O "'O 
..!:!> ..!:!> ..!:!> Q) "'C () $ () ..0 () () (..) ..0 v f- el) Q) "'C () ..0 ..0 "' "' ..0 ..0 ..0 (IS 

·;;:, < "<t °' r- - °' 00 M 0 "<t M 00 \0 °' 00 - r- 
~ ~ !': 0 0-: 00 \0 <"! ~ M "'1: "'1: r- V'\ 0 00 00 ..... 0 00 r- "' "<t °' °' - M N M "<t \0 - - r- 0 V'\ 0 00 

Cl) V) 0 °' 00 N - M "<t \0 0 00 0 N \0 \0 r- °' 00 <"! 
......:i N N - - N N N N N N N M M N N N N M °' 

:;; ,.-.... ... 0 - "' .... 'i. - "' .... 0 - "' .... 0 - "' .... <::! ~ c :2: :2: :2: ~ :2: :2: :2: :2: :2: :2: :2: :2: :2: :2: :2: §'?. e..,., 
Cl) 

0 0 0 - - - "' "' "' M "' .... .... .... 0 > E z z z z z z z z z z z z z z z z (/) u .... .....:l "' ~ 
f- 



A significant variation was found due to combined effect of nitrogen and mulching in terms 

of dry matter content in plant at different days after transplanting (Appendix V). The 

maximum (I l.71 %) dry matter content in plant was recorded at 25 DAT from the combined 
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Di flcrcnt mulching showed significant variations on the dry matter content in plant at 25, 35, 

45 and 55 DAT (Table 5). The maximum (9.79%) dry matter content in plant was recorded 

from M3 (black polythene) which was statistically similar (9.39%) with M2 (water hyacinth) 

and the minimum (8.12%) was obtained from control i.e. no mulching at 25 DAT. At 35 

OAT the maximum (10.75%) dry matter content in plant was found from M3 which was 

statistically identical (I 0.35%) M2, while the minimum (8.85%) was found from control. The 

maximum ( 12.13%) dry matter content in plant was recorded from M3 which was statistically 

similar ( 11.65%) with M2, while the minimum ( 10.33%) was recorded from control at 45 

DAT. Al 55 DAT the maximum (14.40%) dry matter content in plant was recorded from M3 

which was statistically identical (13.81%) with M2, while the minimum (12.28%) was found 

from control. From the results it was found that black polythene was more effective than 

other mulching materials under the trial. 

4.6 Ory matter content in plant 

Dry matter content in plant differed significantly due to the application of different level of 

nitrogen and mulching at 25. 35, 45 and 55 OJ\ l (1 able 5). At :!5 DA I the maximum 

(10.42%) dry matter content in plant was recorded from N2 (80 kg N/ha), while the control (0 

kg N/ha) gave the minimum (8.12%) dry matter content in plants. The maximum (11.59%) 

dry matter content in plant was observed from N2 and the minimum (8.44%) was found from 

control condition at 35 DAT. At 45 DAT the maximum (12.90%) dry matter content in plant 

was recorded from N2 and the minimum (I0.02%) was found from control. The maximum 

( 15.35%) dry matter content in plant was recorded from N2 at 55 DAT, while control gave the 

minimum (I 1.43%) dry matter content in plant. 



48 

4.7 Yield per plot 

Yield per plot differed significantly due to the application of different level of nitrogen and 

mulching at 25, 35, 45 and 55 DAT (Figure 6 and 7). At 25 DAT the maximum (5.67 kg) 

yield per plot was recorded from N2 (80 kg N/ha) which was statistically identical (5.57 kg) 

with N3 (100 kg N/ha), while the control (0 kg N/ha) gave the minimum (4.16 kg) yield per 

plot. The maximum (7.66 kg) yield per plot was observed from N2 which statistically similar 

(7.23 kg and 7.19 kg) with N 1 and N3, while the minimum (5.88 kg) was found from control 

at 35 DAT. At 45 DAT the maximum (9.08 kg) yield per plot was recorded from N2 which 

was statistically identical (8.60 kg and 8.44 kg) with N3 and N1, the minimum (7.13 kg) was 

found from control. The maximum (10.21 kg) yield per plot was recorded from N2 at 55 DAT 

which was statistically similar (I 0.16 kg) with N3, while control gave the minimum (7.88 kg) 

yield per plot. These results indicate that nitrogen increases the growth of lettuce which 

ensured the maximum yield per plot than control. 

effect of N2M3 (80 kg N/ha +black polythene mulch), which was closely related (11.52% and 

J0.70%) with N2M2 and N2M" while N0M2 (0 kg N/ha +water hyacinth) gave the minimum 

(7.93%) dry matter content was recorded from NoM2 in planl (Table 6). At 35 DJ\T the 

maximum ( 13 .41 % ) dry matter content in plant was observed from the treatment combination 

ofN2MJ. whereas the minimum (8.29%) was recorded from NoM1. At 45 DAT the maximum 

(14.62%) dry matter content in plant was recorded from the treatment combination of 

N2M3.which was statistically similar (I 4.05%) with N2M2 (80 kg N/ha + water hyacinth) and 

the minimum (9.81 %) was recorded from NoM2. The maximum (17.07%) dry matter c.~mtent 

in plant was recorded from the treatment combination ofN2M3 which was followed (17.02%) 

by N2M2 (80 kg N/ha +water hyacinth) and the minimum (11.05%) was recorded from the 

treatment combination ofNoM2at 55 DAT. 
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Mulching 

M1 : Rice straw 
M3 : Black polythene 

Mo: No mulch 
M2: Water hyacinth 

Figure 7. Effect of mulching on yield per plot of lettuce 

M3 M2 Ml MO 

15 1J25DAT IBSDAT B45DAT C155 DAT 

13 

11 

,...... 9 0 
Ci. 
~ 7 ..><: ......, 
-0 
0 > 5 

3 

N1 : 60 kg N ha"1 

N3: IOOkg N ha"1 

N0 : 0 kg N ha"1 

N2: 80kgNha"1 

Figure 6. Effect of nitrogen on yield per plot of lettuce 

Levels of nitrogen 

NO N3 N2 NI 
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A significant variation was found due to combined effect of nitrogen and mulching in terms 

of yield per plot at different days after transplanting (Appendix YI). The maximum (6.84 kg) 

yield per plot was recorded at 25 DAT from the combined effect of N2M3 (80 kg N/ha + 

black polythene mulch), while N0M0 (0 kg N/ha + no mulch) gave the minimum (3.00 kg) 

yield per plot (Table 7). At 35 DAT the maximum (9.15 kg) yield per plot was observed from 

the treatment combination of N2M3 whereas the minimum (3.43 kg) was recorded from 

NoM0. At 45 DAT the maximum (I 0.74 kg) yield per plot was recorded from the treatment 

combination of N2MJ, which was statistical similar (10.57 kg and I 0.09 kg) to N2M2 and 

N2M1 and the minimum (3.78 kg) was recorded from NoMo. The maximum (12.53 kg) yield 

per plot was recorded from the treatment combination of N2M3 and the minimum (3.97 kg) 

was recorded from the treatment combination of NoMo at 55 DAT. 

Different mulching showed significant variations on the yield per plot at 25, 35, 45 and 55 

D/\'I. I he maximum (5.94 kg) yield per plot was recorded from M3 (black polythene) which 

was closely (5.42 kg and 5.17 kg) followed by M2 (waler hyacinth) and M 1 (rice straw), 

respectively and the minimum (3.80 kg) was obtained from control i.e. no mulching at 25 

DAT (Figure 7). At 35 DAT the maximum (8.17 kg) yield per plot was found from M3 which 

was statistically similar (7.77 kg and 7.57 kg) with M2 and M1, while the minimum (4.44 kg) 

was found from control. The maximum (9.76 kg) yield per plot was recorded from M3 which 

was similar (9.42 kg and 9.14 kg) with M2 and M1, while the minimum (4.93 kg) was 

recorded from control at 45 DAT. At 55 DAT the maximum ( 1 J .03 kg) yield per plot was 

recorded from M3 which was statistically identical (10.64 kg and 10.00 kg) with M2 and M1, 

while the minimum (5.27 kg) was found from control. From the results it was found that 

black polythene was more effective than other mulching materials under the trial. 
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4.8 Yield per hectare 

Yicl<l per hectare differed significantly due to the application of different level of nitrogen 

and mulching at 25, 35, 45 and 55 DAT (Figure 8 and 9). /\t 25 DAT the maximum (23.62 

t/ha) yield was recorded from N2 (80 kg N/ha) which was statistically identical (23.21 t/ha) 

with N3 (100 kg N/ha), while the control (0 kg N/ha) gave the minimum (17.33 t/ha) yield. 

The maximum (31.92 t/ha) yield was observed from N2 which statistically similar (30.11 t/ha 

and 29.95 t/ha) with N1 and N3, while the minimum (24.50 t/ha) was found from control at 35 

DAT. At 45 DAT the maximum (37.8 l t/ha) yield was recorded from N2 which was 

statistically identical (35.83 t/ha and 35.16 t/ha) with N3 and N 1, the minimum (29.72 t/ha) 

was found from control. The maximum ( 42.56 t/ha) yield was recorded from N2 at 55 DAT 

which was statistically similar ( 42.33 t/ha) with N3, while control gave the minimum (32.85 

t/ha) yield. Similar results were found in lettuce by Hochmuth et al. (1994) and Karacal and 

Turetken (1992) from their experiment. The findings of this experiment also argument with 

the findings of Baca et al. (1993) and they reported that 80 kg n/ha gave the best performance 

in lettuce. 

Different mulching showed significant variations on the yield per hectare at 25, 35, 45 and 55 

DAT. The maximum (24.74 t/ha) yield was recorded from M3 (black polythene) which was 

closely (22.58 t/ha and 21.56 t/ha) followed by M2 (water hyacinth) and M1 (rice straw), 

respectively and the minimum (15.83 t/ha) was obtained from control i.e. no mulching at 25 

DAT (Figure 9). At 35 DAT the maximum (34.05 t/ha) yield was found from M3 which was 

statistically similar (32.39 t/ha and 31.52 t/ha) with M2 and M1, while the minimum (18.51 

t/ha) was found from control. The maximum (40.65 t/ha) yield was recorded from M3 which 

was similar (39.25 t/ha and 38.09 t/ha) with M2 and M1, while the minimum (20.53 t/ha) was 

recorded from control at 45 DAT. At 55 DAT the maximum (45.96 t/ha) yield was recorded 

from M3 which was statistically identical (44.32 t/ha) with M2, while the minimum ~21.97 

t/ha) was found from control. 
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4.10.l Gross return 

The combination of nitrogen and mulching showed different gross return under the trial 

(Table 8). The highest gross return (Tk. 817 ,990/ha-) was obtained from the treatment 

combination of N2M3 (80 kg N/ha + black polythene mulch) and the second highest gross 

return (Tk. 7,88,187 /ha-) was obtained in N2M2 (80 kg N/ha + water hyacinth mulch). The 

lowest gross return (Tk. 2,95,581/ha-) was obtained from the control treatment i.e. NoMo (0 

kg N/ha + no mulch). 

4.9 Economic analysis 

Input costs for land preparation, seed cost, fertilizer, thinning, irrigation and man power 

required for all the operations from sowing to harvesting of lettuce were recorded and 

converted into cost per hectare. Prices of lettuce were considered in market rate basis. The 

economic analysis was done to find out the gross and net return and the benefit cost ratio in 

the present experiment and presented under the following headings- 

A significant variation was found due to combined effect of nitrogen and mulching in terms 

of yield per hectare at di ffcrcnt days after transplanting (Appendix VI). The maximum (28.49 

t/ha) yield was recorded al 25 DAT from the combined effect of N2M3 (80 kg N/ha I black 

polythene mulch), while NoMo (0 kg N/ha + no mulch) gave the minimum (12.51 t/ha) yield 

per hectare (Table 7). At 35 DAT the maximum (38.11 t/ha) yield was observed from the 

treatment combination of N2M3, whereas the minimum (14.29 t/ha) was recorded from NoMo. 

At 45 DAT the maximum (44.76 t/ha) yield was recorded from the treatment combination of 

N2M3 and the minimum (15.76 t/ha) was recorded from NoMo. The maximum (52.22 t/ha) 

yield was recorded from the treatment combination of N2M3 and the minimum (16.55 t/ha) 

was recorded from the treatment combination of No Mo at 55 DAT. 
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M1 : Rice straw 
M3 : Black polythene 

Mo: No mulch 
M2: Water hyacinth 

Figure 9. Effect of mulching on yield per ha of lettuce 
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Figure 8. Effect of nitrogen on yield per ha of lettuce 
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4.10.3 Benefit cost ratio 

The combination of nitrogen and mulch for benefit cost ratio was different in all treatment 

combination (Table 8). The highest (3.64) benefit cost ratio was performed from the 

treatment combination of N2M3 and the second highest benefit cost ratio (3.58) was estimated 

from the treatment combination ofN2M2. The lowest befit cost ratio (0.81) was obtained from 

the control treatment i.e. N0M0. From economic point of view, it is apparent from the above 

results that the treatment combination of N2M3 was more profitable than rest of the treatment 

combination. 

4.10.2 Net return 

In case of net return different treatment combination showed unlike types of net return. The 

highest net return (Tk. 6,4 I ,694/ha-) was obtained from the treatment combination of N2M3 

and the second highest net return (Tk. 6,26,563/ha-) was obtained from the treatment 

combination of N2M2. The lowest net return (Tk. 1,32,398/ha-) was obtained from the control 

treatment (Table-8). 



Chapter-5 

I Summary and Conclusion - - .. 
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At 25 DAT the tallest (16.77 cm) plant was recorded from N2 (80 kg N/ha), while the control 

(0 kg N/ha) gave the shortest (11.65 cm) plant. The tallest (23.42 cm) plant height was 

observed from N2 and the shortest (17.44 cm) was found from control at 35 DAT. At 45 DAT 

the tallest (28.65 cm) plant height was recorded from N2 and the shortest (21.94 cm) was 

from control. The tallest (30.49 cm) plant height was recorded from N2 at 55 DAT, while 

control gave the shortest (24.04 cm) plant height. At 25 DAT the maximum ( 15.28) number 

of leaves per plant was recorded from N2, while the control gave the minimum (11.28) 

number of leaves per plant. The maximum (22.82) number of leaves per plant was observed 

from N2 and the minimum (19.30) was found from control condition at 35 DAT. At 45 DAT 

the maximum (25. 78) number of leaves per plant was recorded from N2 and the minimum 

(21.39) was from control. The maximum (28.0 I) number of leaves per plant was recorded 

from NJ at 55 DAT, while control gave the minimum (22.67) number of leaves per plant. At 

25 DAT the maximum (279.08 g) leaf yield per plant was recorded from N2 (80 kg N/ha), 

while the control gave the minimum (203.78 g) leaf yield per plant. The maximum (349.81 g) 

A field experiment was conducted in the experimental field of Shcr-c Bangla Agricultural 

University. Dhaka. Bangladesh during the period from November 2006 to February 2007 to 

study the effect nitrogen and mulching on growth and yield of lettuce. The experiment 

considered of two factors. Factor A: Levels of nitrogen ( 4 levels) i.e. 0 kg N/ha (Control), 60 

kg N/ha (N1), 80 kg N/ha (N2), 100 kg N/ha (N3); Factor B: Mulching (4 levels) i.e. No mulch 

(Mo), rice straw (M1), water hyacinth (M2), black polythene (M3). There were on the whole 

16 ( 4 x 4) treatment combinations. The experiment was laid out in the two factors 

Randomized Complete Block Design (RCBD) with three replications. Data were collected in 

respect of the plant growth characters and green yield of lettuce at different days after 

transplanting. 

SUMMARY AND CONCLUSION 



(8.44%) was found from control condition at 35 DAT. At 45 DAT the maximum (12.90%) 

dry matter content in plant was recorded from N2 and the minimum (10.02%) was found from 

control. The maximum (15.35%) dry matter content in plant was recorded from N2 at 55 

DAT, while control gave the minimum (1 I .43%) dry matter content in plant. At 25 DAT the 

maximum (5.67 kg) yield per plot was recorded from N2 (80 kg N/ha), while the control (0 kg 

N/ha) gave the minimum (4.16 kg) yield per plot. The maximum (7.66 kg) yield per plot was 

observed from N2, while the minimum (5.88 kg) was found from control at 35 DAT. At 45 

DAT the maximum (9.08 kg) yield per plot was recorded from N2, while the minimum (7.13 

kg) was found from control. The maximum (10.21 kg) yield per plot was recorded from N2 at 

55 DAT, while control gave the minimum (7.88 kg) yield per plot. At 25 DAT the maximum 

(23.62 t/ha) yield was recorded from N2, while the control (0 kg N/ha) gave the minimum 

(17.33 t/ha) yield. The maximum (31.92 t/ha) yield was observed from N2 while the minimum 

(24.50 t/ha) was found from control at 35 DAT. At 45 DAT the maximum (37.81 t/ha) yield 

was recorded from N2, while the minimum (29.72 t/ha) was found from control. The 

maximum (42.56 t/ha) yield was recorded from N2 at 55 DAT, while control gave the 

minimum (32.85 t/ha) yield. 

The tallest (16.70 cm) plant height was recorded from M3 (black polythene) and the shortest 

( 12.18 cm) was obtained from control i.e. no mulching at 25 DAT. At 35 DAT the tallest 

(22.63 cm) plant height was found from M3, while the shortest (17.76 cm) was found from 
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leaf yield per plant was observed from N2, while the minimum (295.73 g) was found from 

control at 35 DAT. At 45 DAT the maximum (423.75 g) leaf yield per plant was recorded 

from N2, the minimum (354.66 g) was found from control. The maximum (474.24 g) leaf 

yield per plant was recorded from N3 at 55 DAT, while control gave the minimum (374.92 g) 

leaf yield per plant. At 25 DAT the maximum (I 0.42%) dry matter content in plant was 

recorded from N2, while the control gave the minimum (8.12%) dry matter content in plants. 

The maximum (11.59%) dry matter content in plant was observed from N2 and the minimum 



matter content in plant was found from M3, while the minimum (8.85%) was found from 

control. The maximum ( 12.13%) dry matter content in plant was recorded from M3, while the 

minimum (I 0.33%) was recorded from control at 45 DAT. At 55 DAT the maximum 

(14.40%) dry matter content in plant was recorded from M3, while the minimum (12.28%) 

was found from control. The maximum (5.94 kg) yield per plot was recorded from M3 (black 

polythene) and the minimum (3.80 kg) was obtained from control i.e. no mulching at 25 

DAT. At 35 DAT the maximum (8.17 kg) yield per plot was found from M3 (black 

polythene), while the minimum (4.44 kg) was found from control. The maximum (9.76 kg) 

yield per plot was recorded from M3 (black polythene), while the minimum (4.93 kg) was 
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(8.12%) was obtained from control at 25 DAT. At 35 DAT the maximum (10.75%) dry 

maximum (9.79%) dry matter content in plant was recorded from M3 and the minimum 

number of leaves per plant was recorded from M3 and the minimum ( 12.17) was obtained 

from control al 25 DAT. At 35 DAT the maximum (23.11) number of leaves per plant was 

found from M3, while the minimum (18.49) was found from control. The maximum (26.36) 

number of leaves per plant was recorded from M3, while the minimum ( 19.88) was recorded 

from control at 45 DAT. At 55 DAT the maximum (28.29) number of leaves per plant was 

recorded from M3, while the minimum (21.15) was found from control. The maximum 

(277.91 g) leaf yield per plant was recorded from M3 and the minimum (221.36 g) was 

obtained from control at 25 DAT. At 35 DAT the maximum (354.91 g) leaf yield per plant 

was found from M3, while the minimum (278.08 g) was found from control. The maximum 

(438.99 g) leaf yield per plant was recorded from M3, while the minimum (307.64 g) was 

recorded from control at 45 DAT. At 55 DAT the maximum ( 487.48 g) leaf yield per plant 

was recorded from M3, while the minimum (326.59 g) was found from control. The 

recorded from M3 and the shortest (2 l .69 cm) was found from control. The maximum ( 15.32) 

control. The tallest (28.82 cm) plant height was recorded from M3 and the shortest (20.27 cm) 

was recorded from control at 45 DAT. Al 55 DAT the tallest (31.06 cm) plant height was 
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Among different treatment combination of N2M3 (80 kg N/ha + black polythene mulch) was 

more effective than other combination, while NoMo (0 kg N/ha + no mulch) gave the 

minimum performances. The highest gross return (Tk. 817,990/ha-) was obtained from the 

treatment combination of N2MJ (80 kg N/ha + black polythene mulch) and the lowest gross 

return (Tk. 295,581/ha-) was obtained from the control treatment i.e. NoMo (0 kg N/ha +no 

mulch). The highest net return (Tk. 641,694/ha-) was obtained from the treatment 

combination of N2M3 and the lowest net return (Tk. 132,398/ha-) was obtained from the 

control treatment. The highest (3.64) benefit was performed from the treatment combination 

of N2MJ and the lowest befit cost ratio (0.81) was obtained from the control treatment i.e. 

NoMo. Considering the situation of the present experiment, further studies in the following 

areas may be suggested: 

I. Such study is needed in different agro-ecological zones (AEZ) of Bangladesh for 

regional adaptability and other performances; 

2. With the increasing of nitrogen yield increase so it is necessary to include another 

doses in the fertilization program may be taken for further study; 

3. Another mulch materials may be included in the future program. 

recorded from control at 45 DAT. At 55 DAT the maximum (11.03 kg) yield per plot was 

recorded from M3, while the minimum (5.27 kg) was found from control. The maximum 

(24. 74 t/ha) yield was recorded from M3, (black polythene) while the minimum ( 15.83 t/ha) 

was obtained from control i.e. no mulching at 25 DAT. At 35 DAT the maximum (34.05 t/ha) 

yield was found from M3, while the minimum (18.51 t/ha) was found from control. The 

maximum (40.65 t/ha) yield was recorded from M3, while the minimum (20.53 t/ha) was 

recorded from control at 45 DAT. At 55 DAT the maximum (45.96 t/ha) yield was recorded 

from M3, while the minimum (21.97 t/ha) was found from control. 
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Month Air temperature ('C) Average Total rainfall (mm) 
Maximum Minimum Mean RH(%) 

November 06 29.18 18.26 23.72 69.52 00 

December 06 25.82 16.04 20.93 70.61 00 

January 07 24.6 12.5 18.7 66 0 

February 07 27.1 16.8 21.95 64 0 

Appendix II: Monthly average temperature, relative humidity and total rainfall of 
the experimental site during the period from November 2006 to 
February 2007 

Soil properties Amount 

Soil pH 6.15 

Organic carbon(%) 1.32 

Total nitrogen(%) 0.075 

Available P (ppm) 19.5 

Exchangeable K (%) 0.2 

Chemical analysis 

Constituents Percent 

Sand 32.45 

Silt 61.35 

Clay 6.10 

Textural class Silty loam 

Mechanical analysis 

Results of mechanical and chemical analysis of soil of the 
experimental plot 

Appendix I: 
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