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A.K.M.MAROOF TAHSIN

ABSTRACT

The experiment was conducted in the field of Sher-e-Bangla
Agricultura University, Dhaka, Bangladesh during the period from
November, 2009 to January, 2010. The experiment consisted of two
factors. Factor A: Nitrogen (4 levels) No: 0 (Control); Ni: 50; N,: 100
and N3: 150 kg/ha respectively; and Factor B: Plant spacing (3 levels),
S:40cmx20cm, S;: 40 cm x 25 cm; S;: 40 cm x 30 cm. The
Experiment was laid out in Randomized Complete Block Design
(RCBD) with three replications. In case of ntrogen the highest yield
(29.99 t/ha) was recorded from N3 and lowest (18.65 t/ha) from No. In
case of spacing the highest yield (25.83 t/ha) was achieved from S,
and lowest (23.0 t/ha) from S;. For interaction effect, the highest yield
(31.31 t/ha) was obtained from N3S, and lowest (16.79 t/ha) from
NoS:. The highest BCR value (3.88) was recorded from NsS, and
lowest (2.1) from NgS;. So, 150 kg/ha urea with spacing of 40 cm x
25 cm were best for growth and yield of lettuce.
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CHAPTER |
I ntroduction

Lettuce (Lactuca sativa L.) an annua leafy herb belongs to the family
Compositae is one of the most popular salad crops and occupies the largest
production area among salad crops in the world. It is popular for its delicate,
crispy texture and dlightly bitter taste with milky juice as fresh condition. It is
the most popular amongst the salad vegetable crops (Squire et al. 1987). In line
with investigations carried out by Stevens (1974) in USA, lettuce is ranked
26th among vegetables and fruits in terms of nutritive value and 4™ in terms of
consumption rate highlighting the ever-increasing importance of this crop. The
nutrient content is highest in the darker green, outer leaves. Low in calories.
Each head contains 65 to 70 kilocalories.

Lettuceisrich in vitamin A and minerals like calcium and iron. It also contains
protein, carbohydrate and vitamin C and in 100 g of edible portion of lettuce
contains 93.4 g moisture, 2.1 g protein, 0.3 g fat, 1.2 g minerals, 0.5 g fiber, 2.5
g carbohydrates, 310 mg calcium, 80 mg phosphorus, 2.6 mg iron, 1650 I.U.
vitamin A, 0.09 mg thiamine, 0.13 mg riboflavin and about 10.0 mg vitamin C
(Gopalan and Balaraman, 1966). It is usually used as salad with tomato, carrot,
cucumber or other salad vegetable and often served alone or with dressing. Its
nutritive value is not spoiled. Moreover, it is aso known as anodyne, sedative,
diuretic and expectorant (Kallo, 1986). "Mixed lettuce" production includes
green leaf, red leaf, butter, and romaine types. These crops are often planted
alongside endive, escarole, oriental vegetables, herbs, and other leafies. Smaller
operations focus on high quality produce and cater to farmer's markets, or to
hotels, restaurants, and other high-end food service companies, but the volume

of high quality specialty products is also increasing in main-stream retail stores.

Lettuce is mainly a cold loving crop and the best temperature for cultivation is
18°C to 25°C and the night temperature is 10°C to 15°C (Ryder, 1998). It



produces a short stem early in the winter season, a cluster of leaves varying
considerably in shape, character and colour in different varieties. Lettuce is
originated from Southern Europe and Western Asia (Rashid, 1999). It mainly
grows in temperate region and in some cases in the tropic and sub-tropic region
of the world. Lettuce largely produced in greenhouse in temperate region
(Lindquist, 1960).

L ettuce is getting popularity day by day but its production package is not much
known to the Bangladeshi farmers. Among various factors responsible for
higher yield, supply of nutrient and production technology play vital role in the
production and quality of lettuce. Deficiency of soil nutrient is now considered
as one of the magor constraints to successful upland crop production in
Bangladesh (Islam and Noor, 1982). The cultivation of |ettuce requires proper
supply of plant nutrient. Lettuce responds greatly to major essential elements
like N, P and K in respect of its growth and yield (Thompson and Kelly, 1988).
Its production can be increased by adopting improved management 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 heath hazards, create problem to the

environment including the pollution of soil, air and water.

This vegetable requires a high rate of nitrogen for growth and development. In
Iran, farmers who applied excesses nitrogen fertilizer to increase crop yield
disturbed the equilibrium balance of nutrient elements in the soil, caused
pollution, decreased crop quality and thus a great part of the nation’s resources
became useless (Tehrani and Malakouti 1997).

Adeguate N levels are also associated with "sizing," solid heads, and earliness
of maturity in lettuce. N deficient fields often result in delayed harvests, need
for repeated harvests, or in failure of heads to achieve marketable size and

guality. Lettuce with N deficiency appears lighter green. Corrective N



applications on visualy N-deficient plants are effective in the early vegetative
stages but a 3-10 day delayed harvest will occur. However corrective N
applications on N deficient plants during the head-formation stage will not
prove helpful in increasing head size and final yields. Nitrapyrin banded at
246.9 kg/ha may help to improve normal plant were nitrogen use efficiency.
Fertilizer injection through the irrigation system and increased frequency of
applications may aso help to improve plant nitrogen use efficiency and reduce

leaching.

Plant spacing for lettuce cultivation is an important criterion for attaining
maximum vegetative growth and an important aspect of crop production for
maximizing the yield. Optimum plant spacing ensures judicious use of natural
resources and makes the intercultural operations easier. It helps to increase the
number of leaves, branches and healthy foliage. Densely planted crop obstruct
the proper growth and development. On the other hand, wider spacing ensures
the basic nutritional requirements but decrease the total number of plants as
well as total yield. Yield may be increased for any crop up to 25% by using
optimum spacing in leafy vegetable (Bansal, et al., 1995).

In Bangladesh like other management practices information about plant
spacing to be used in lettuce cultivation is insufficient. The farmers of
Bangladesh cultivate this crop according to their own choice due to the absence
or unavailability of standard production technique. As a result, they do not get

satisfactory yield and return from investment.

Considering the above factors, the present experiment was undertaken to study
the following objectives-

I To find out the effect of nitrogen fertilizer on the growth and yield of
lettuce;



I. To determine the effect of plant spacing on growth and yield of
lettuce;

iii. ~ To find out the suitable combination of nitrogen and plant spacing
for ensuring the higher yield of lettuce.

CHAPTER I

Review of literature

Lettuce is one of the most important and popular salad vegetable in Bangladesh
as well as in many countries of the world. The crop has conventionaly less
concentration by the researchers on various aspects because it is newly
introduced crop. 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 plant spacing on lettuce so far been



done at home and abroad have been reviewed in this chapter under the
following headings.

2.1 Effect of nitrogen

L ettuce requires a high rate of nitrogen for growth and development. In Iran,
farmers who applied excesses nitrogen fertilizer to increase crop yield
disturbed the equilibrium balance of nutrient elements in the soil, caused
pollution, decreased crop quality and thus a great part of the nation’s resources
became useless (Tehrani and Malakouti 1997).

The investigation carried out by Tittonell et al. (2003) on lettuce showed that
increasing nitrogen fertilizer from 0 to 150 kg ha* increased the plant height,
leaf number, fresh weight and dry weight of the crop. Rincon et al. (1998) also
reported that increasing nitrogen up to 100 kg ha™* increased the plant height,
leaf number and yield of lettuce, reaching 53.4 t ha* (total fresh matter) while
the application of 150 and 200 kg ha® caused a decrease in the biomass and
yield index, respectively.

Gulser (2005) observed that an increase in the fertilizer nitrogen level increased
the yield, stem length and leaf surface area but not the number of leaves in
spinach. Demir et al. (1996) also reported that by increasing the nitrogen
fertilizer rate the leaf area, stem length and yield of spinach increased.

Zarehie (1995) reported that by increasing the nitrogen fertilizer rate to 200 kg
ha' increased the plant height, leaf breadth and yield of spinach but that by
increasing the nitrogen level up to 200 kg ha™ the corresponding increase in

yield was not economical.

The investigation conducted by Mahmoudi (2005) on lettuce (cv. “Siah Karaj’)
showed that by increasing the rate of nitrogen fertilizer to 300 kg ha™ increased
plant height, number of leaves, yield and dry matter of lettuce but between 100



and 200 kg N ha* was not significantly different. However, the yield response
of lettuce to increasing N rate varies with different environmental variables,
including weather, soil type, residual fertility, soil moisture, seasons and
cultivar. This study aimed to evaluate the effect of different nitrogen levels
applied as urea on the growth and productivity of two cultivars of lettuce,
which can help to predict the optimal N fertilizer requirement and to improve

the practice of lettuce production.

Boroujerdnia and Ansari (2007) conducted an experiment at Shahid Chamran
University of Ahwaz, Iran during 2005-2006 to determine the effect of nitrogen
fertilizer rates and cultivars on growth and critical yield of lettuce. The
treatments included four nitrogen rates (0, 60, 120, and 180 kg N ha') as the
main plot and two lettuce cultivars (‘Pich Ahwazi’ and ‘Pich VVaramini’) as the
sub-plot. The criteria measured were plant length, fresh and dry weights of
leaves, leaf area, number of leaves, crop growth rate (CGR), leaf area index
(LAI) and yield. Results indicated that different levels of nitrogen fertilizer on
all growth characteristics were significant at P<0.01. Increased plant length,
fresh and dry weights of |leaves, leaf area, number of leaves, crop growth rate
(CGR), leaf area index (LAI) and yield were shown upto 120 kg N ha™.
Nitrogen fertilizer caused head formation to accelerate and delayed the bolting
date of lettuce. Cultivar had a significant effect on growth characteristics, on
fresh and dry weights of leaves and on leaf number but not on plant length and
leaf area. The highest yield was obtained with 120 kg ha® treatment by ‘Pich
Ahwazi’. Also, it took ‘Pich Varamini’ longer to form a head and to flower
than ‘Pich Ahwazi’.

Dimitrov et al. (2005) conducted a field experiment in Bulgaria to study the
influence of different fertilizer sources on yield and quality of lettuce on an
dluvial meadow soil. The different fertilizer sources included mineral
fertilizer, farmyard manure and foliar fertilizer application. The highest yield

values from lettuce were obtained in the variants with minera fertilizer



application. A beneficial effect of the lettuce quality such as high values of
soluble sugars and ascorbic acid content, low levels of cellulose and reduced

nitrate content.

Li-Hui He et al. (2005) conducted a pot experiment, where the effects of
application ratio of N, P, K and soil moisture on the yield and nitrate in lettuce
(Lactuca sativa L.) leaf and stem were studied. The results indicated that the
yields of lettuce (stem and leaf) had significant difference. N2P3K1 and
N3P2K1 treatments had better effect on leaf and stem yield under three soil
moistures. With the increment of soil moisture, the yield of lettuce increased.
The ratio of yield of lettuce leaf and stem was in the order of YW25/YW15 >
YW20/'YW15 > YW25/YW20. The nitrate contents in lettuce leaf and stem
were different under different soil moisture. When the soil moisture was
increased, nitrate contents of lettuce leaf and stem in same treatment had
different change. The nitrate content of lettuce leaf and stem was lower under
W25 soil moisture.

Sorensen and Thorup (2003) conducted a field experiments to investigate the
potential of several species of undersown legume crops to deplete soil nitrate
and to accumulate nitrogen (N). A further objective was to measure the effects
of the legume crops as a green manure for a succeeding early lettuce crop. In
two years, different undersown legume crops were compared with a control
treatment where no crop was undersown. In November, at the end of their
growing season, the legume crops reduced the content of mineral nitrogen in
the top 1 m of the soil to one third of what was available when no crop was
undersown. The N uptake in shoots and roots was in the range of 100-160 kg
ha'. The legume crops were incorporated at the beginning of April the
succeeding year. In May, the content of soil mineral nitrogen was 3-4 fold the
content in November. The main increase was seen in the top 0.25 m profile of
the soils in which the legume crops had been grown. In July, the N mineralized

from the incorporated legume crops and from other soil organic matter was



estimated to be 36 and 38 kg ha’, respectively. The yield of lettuce was
increased by 20-45% when grown after legume green manure crops compared
with the control treatment. The yield level was comparable to that obtained in

conventional horticulture.

Parente et al. (2006) carried out an experiment that the present work aimed to
study production and accumulation of nitrate by new cultivars of lettuce in
response to nitrogen doses applied to the soil. Two field trials were carried out
during 1999-2000 and 2000-01 in Italy, the soil had received 30 and 64 kg.ha™
of N, respectively, for the two trials as a pre-transplanting treatment. The main
objective was to compare a control unfertilized treatment with two nitrogen
doses (75 and 150 kg.ha™) applied by fertigation to different cultivars of lettuce
belonging to the following types: Lollo Bionda, Canasta, Lollo Rossa, and, in
the second trial, Oakleaf. The Lollo Rossa cultivars produced 26 and 56% less
than the Canasta type, respectively, in the first and the second year, probably
due to the absence of area head in the Lollo type. The application of nitrogen
by fertigation increased yield compared with the unfertilized control. But with
no difference between doses and rates of fertilizer application. On the other
hand, nitrogen post-transplanting fertilization increased the nitrate content in
leaves. The Lollo cultivars accumulated more nitrate than the other ones. The
nitrate levels were greatly below the limit of 4.000 mg kg™ fw imposed by EU
Regulation No. 563/2002.

Mantovani et al. (2005) carried out an experiment using pots under greenhouse
conditions to evauate the influence of nitrogen fertilizer application on the
growth and nitrate accumulation of lettuce cultivars. Treatments consisted of
five nitrogen rates (0, 141.5, 283.0, 566.0 and 1132.0 mg/pot N as urea) and
five lettuce cultivars viz. Lucy Brown, Taina, Vera, Veronica and Elisa. The
maximum growth was observed in the treatment using 283 mg of N/pot. The

use of higher rates did not increase plant growth but raised nitrate accumulation



In shoot organs. Lucy Brown and Taina accumulated more nitrate than Vera,

Veronicaand Elisacultivars.

Troyanos et al. (2004) invistigated an experiment to know the effect of the
application rate of nitrogen fertilizer on yield and nitrogen concentration of
lettuce grown in a commercial vegetable field. Results showed that the
optimum nitrogen application rate was 140 kg/ha. The optimum total nitrogen
concentration in the above ground dried plant material was 3% (DW). This
optimum nitrogen concentration was 17% less than that derived from a
mathematical model developed by Greenwood. Furthermore, the optimum
nitrate concentration determined in the sap derived from the base of the midrib

of young leaves was 450 ppm.

Marsic and Osvald (2005) carried out a greenhouse experiment with young
lettuce plants in a closed hydroponic system to monitor the N dynamics within
the plant, 15N was used as a tracer. The treatments comprised: 13.0, 0.5, 0.1
and 0.0 mM NO3N. Growth of lettuce decreased progressively as the level of
N supply decreased and at the lower treatment, shoot growth was more affected
than root growth. In the highest treatment (13.0 mM) there was little net
movement of 15N into or out of the roots, but under more deficient conditions

(0.5, 0.1 and 0.0 mM) 15N increasingly accumulated in the roots.

Liao-YuLin et al. (2005) carried out an experiment to investigate the effects of
N rates on the yield and quality, and N use efficiency of Asparagus lettuce
using 15N trace technique in pot experiments. Results showed that the
correlation between N rates and yield followed a regression equation, which
indicated that adequate N rates could improve quality, reduce N loss and

increase N use efficiency.



Kavak et al. (2003) conducted a field experiment to determine the effects of
different nitrogen sources on yield, quality, mineral, nitrate and nitrite contents
in head lettuce. N fertilizer was applied at 0, 5, 10, 15, and 20 kg/da as calcium
nitrate and ammonium sulfate. Head weight, head diameter and height, number
of discarded leaves, marketable head weight, number of leaves in marketable
head, and total yield were determined. Calcium nitrate had a significant effect
on head weight, head diameter, height, marketable head weight, and yield.
Calcium nitrate at 15 kg N/da showed the highest yield (3531.4 kg/da).
Moreover, ammonium sulfate had significant effect on head weight, head
diameter, number of discarded leaves, number of leaves in marketable head,
marketable head weight, and yield. Ammonium sulfate at 20 kg N/da showed
the highest yield (3480.7 kg/da).

Chen-HongTang et al. (2002) carried out an experiment to investigate the
effects of splitting nitrogen fertilizer on soil fertility, and on the growth,
nutrient content and N composition of |ettuce under plastic-covered conditions.
Six splitting N fertilizer treatments were employed, including a conventional
application method as the control. Lettuce was harvested 40 days after seeding.
The soil was sampled after harvesting at 5 cm interval to a depth of 15 cm. The
amount of nitrate-nitrogen, Bray-1 P, soluble salts and exchangeable K, Mg
and Cain the soil, and N, P, K, Cu and Zn and NO< sub>3</ sub>-N, soluble
and insoluble N in the shoots and roots of lettuce were determined. No
significant difference was observed in the pH, soluble salt, NO< sub>3</ sub>-
N, Bray-1 P, exchangeable K, Caand Mg in the soil. However, the nutrients in
the soil accumulated to high concentrations and the NO< sub>3</ sub>-N and
exchangeable K significantly increased in the topsoil (0-5 cm). No significant
difference was also observed in the concentrations of N, P, K, Cu and Zn
among the different treatments or in the concentrations of NO< sub>3</ sub>-

N, soluble reduced N and insoluble N of the plants.



Marsic and Osvald (2002) conducted field experiment to determine the effects
of different greenhouse conditions and decreasing nitrogen levels in nutrient
solution on the growth and nitrate accumulation and distribution in lettuce (cv.
Vanity) plants. Three successive experiments were conducted on aeroponic
systems from May to August 1999. Vanity was grown in hydroponics using 13
and 5 mM NO< sub>3</ sub>-N in nutrient solution. Differences among
averages of fresh shoot weight measurements were statistically significant in all
three aeroponic experiments. The largest fresh shoot weights were obtained
from May to June and the lettuce heads from that growing period were compact
enough for marketable yield. In the second and the third experiments,
elongation of stalk and puffy heads were observed in al lettuce plants
irrespective of NO< sub>3</ sub>-N concentration in nutrient solution. In all
three experiments, the low NO< sub>3</ sub>-N level in nutrient solution
statistically diminished nitrate content in the shoots. The highest nitrate
concentration was recorded in outer leaves, while the lowest nitrate
concentration was recorded in inner leaves under 13 and 5 mM NO< sub>3</

sub>-N treatments.

Rincon et al. (2002) investigated the effect of N (25, 50, 100, 150 and 200
kg/ha), applied in fertigation, on the yield and nitrate content of iceberg lettuce
(Lactuca sativa var. capitata) in Murcia, Spain. Crop yield increased with N
levels of up to 100 kg/ha, obtaining green biomass of 53.4 t/ha and commercial
lettuce heads of 33.1 t/ha. Biomass and yield index decreased with N at 150
and 200 kg/ha. The nitrate content in the soil solution increased with the 150
and 200 kg N/ha treatments, and decreased with the 25 and 50 kg N/ha
treatments. Nitrate concentration remained uniform during the growth cycle
when 100 kg N/ha was applied, and the availability of nitrate was balanced
with the absorption by the plant. N absorption increased between the 25 and 50
kg N/ha treatments and those of the 100, 150 and 200 kg N/ha treatments.
However, no significant differences were observed between the higher N

treatments. The outer leaves of plants showed a nitrate concentration 3 times



higher than that of the inner leaves. This concentration changed according to
the quantity of N provided. At harvest, the nitrate concentration in the outer
leaves ranged from 1635 to 4494 ppm, while that in the inner leaves ranged
from 651 to 1508 ppm.

Soundy and Cantliffe (2001) studied with 'South Bay' lettuce (Lactuca sativa)
seedlings and these were fertigated in floating styrofoam flats in nutrient
solutions containing N at 0, 15, 30, 45, or 60 mg litre™. Increasing N from O to
60 mg litre™ resulted in an increase in transplant shoot and root mass. The
increase in shoot mass was much greater than for root mass in response to N
rate, and resulted in lower values for root: shoot ratios. Relative growth rate,
specific leaf area, leaf arearatio, and leaf mass ratio increased with an increase
in applied N, suggesting improved transplant growth at higher N rates. Growth
responses of lettuce transplant shoots and roots to applied N were consistent,
regardless of season or stage of growth. Leaf tissue N aways was increased by
N rate applied. Lettuce head mass in the field (Florida, USA, in 1994) at
harvest was increased by pretransplant application with increased N.