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ABSTRACT

The study was conducted in the field of Ghazni University Agriculture faculty farm, Ghazni, Afghanistan
during the period from November, 2017 to January, 2018. The experiment consisted of two factors,
factor A: Nitrogen (4 levels) N: 0 (control); N : 50; N: 100 and N,: 150 kg ha! respectively; and factor
B: plant spacing (3 levels), S : 40 cm x 20 cm, S,: 40 cm x 25 cm; S;: 40 cm < 30 cm. The experiment
was laid out in factorial randomized block design with three replications. In case of nitrogen, the highest
yield (29.99 t ha') was recorded from N, and lowest (18.65 t ha!) from N, 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 NS, and lowest (16.79 tha!) from NS,
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INTRODUCTION

Lettuce (Lactuca sativa L.), an annual leafy
herb belongs to the family Asteraceae, is one of the
most popular and occupies the largest production
area among salad crops in the world. It is popular
for its delicate, crispy texture and slightly bitter
taste with milky juice in 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 26"
among vegetables and fruits in terms of nutritive
value and 4" in terms of consumption rate
highlighting the ever-increasing importance of the
crop. The nutrient content is highest in the darker
green outer leaves, but low in calories. Each head
contains 65 to 70 kilocalories. Lettuce is rich in
vitamin A and minerals like calcium and iron. It
also contains protein, carbohydrate and vitamin
C and 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 TU
vitamin A, 0.09 mg thiamine, 0.13 mg riboflavin and
about 10.0 mg vitamin C (Gopalan and Balaraman,
1966).

Fertilizer plays a vital role in proper growth
and development of lettuce. Fertilizer application
in appropriate time and dose and proper method is
the prerequisite of crop cultivation (Islam, 2003).
Adequate nitrogen levels are also associated with
"sizing," solid heads, and earliness of maturity in
lettuce. Nitrogen deficient fields often result in
delayed harvests, need for repeated harvests, or
in failure of heads to achieve marketable size and
quality.

Plant spacing for lettuce cultivation is
an important criterion for attaining maximum
vegetative growth and crop production for
maximizing the yield. Optimum plant spacing
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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 decreases 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).

MATERIALS AND METHODS

The experiment was conducted in the farm of
Ghazni University Agriculture faculty farm, Ghazni,
Afghanistan during the period from November,
2017 to January, 2018. The materials and methods
that were used for conducting the experiment are
presented under the following headings:

The present experiment was carried out in
the Ghazni University Agriculture faculty farm
located 20 m near to Unit mountain, the weather
of experimental area is 15 and 20 °C, receiving an
annual rainfall of 500-650 mm and sandy loam soil
(Hamayoun et al., 2018).

The experiment was conducted to find out the
Influence of nitrogen and plant spacing in lettuce.
The experiment consisted of two factors.

Factor A: Nitrogen (4 levels)
* Ny Okg ha™!(Control)
. . -1
N,: 50 kg ha
* N,: 100 kg ha’!
. . -1
N,: 150 kg ha
Factor B: Plant spacing (3 levels)
* S,;:40cm x 20 cm
* S,;40cm x 25 cm
* S;:40 cm x 30 cm

The two factors experiment was laid out
following (FRBD) with three replications. An
area of 22.45 m x 10.5 m was divided into three
equal blocks. Each block was divided into 12 plots
where 12 treatment combinations were allotted at

random. There were 36 unit plots and the size of
the each unit plot was 3.0 m x 1.6 m. The distance
maintained between two blocks and two plots were
0.5 m and 0.25 m, respectively. The seedlings were
planted maintaining row to row distance 40 cm and
plant to plant 20 cm, 25 cm and 30 cm as per the
plan in the plant spacing treatment.

Application of manure and fertilizers
as the sources of N, ons’ KzO were urea,
triple superphosphate (TSP) and MoP, applied
respectively. The entire amounts of TSP and MoP
were applied during the final land preparation.
Urea was applied in three equal intervals at 20,
30 and 40 days after seedling transplanting as per
treatments. FYM 20 t ha™! also applied during final
land preparation.

Healthy and uniform sized seedlings were
transplanted in the main field during November,
2017 to January, 2018.

The seedlings were always kept under
careful observation after establishment of beds.
Various intercultural operations viz. irrigation and
drainage, gap filling, weeding, top dressing were
accomplished for better growth and development
of lettuce seedlings.

To evaluate yield, four harvestings were
done at different growth stage. First harvesting
was done at 23 days after transplanting. Second,
third and fourth harvesting were done 34, 45 and
55 days after transplanting, respectively. Different
yield contributing characters were recorded from
the mean of five harvested plants which was
tagged from each of the specific unit plot of every
harvesting stage.

Data were recorded on the following
parameters from the sample plants during the course
of experiment. Five plants were selected from each
of the unit plot for the collection of 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.

Growth parameters

The height of plant was recorded at 35, 44,



June 2018

GROWTH AND YIELD CHARACTERISTICS OF LETTUCE 11

55 and 65 days after transplanting (DAT) in the
experimental plots. The height was measured from
the attachment of the ground level up to the tip of
the growing point. The total number of leaves per
plant was counted. Data were recorded as per the
average of five plants tagged at random from the
inner rows of each plot starting from 35 to 65 DAT
at 10 days interval.

Yield parameters

Leaves of five randomly tagged plants were
detached by a sharp knife and the fresh weight of
leaves was recorded. Data were recorded as the
average of 5 randomly selected plants of inner rows
of each plot starting from 35 to 65 DAT at 10 days
interval.

After harvesting, selected plants were put
into envelope and placed in the 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. Average weight was measured in
gram and expressed as dry weight per plant.

Yield of lettuce per plot was recorded as
the whole plant in every harvest within a plot (3.0
m X 1.6 m) and was expressed in kilogram. Yield
included weight of leaves at different harvested
time. Yield per hectare of lettuce was calculated by
converting the weight of plot yield to hectare and
was expressed in ton.

The data obtained for different parameters
were statistically analyzed to find out the
significance difference of nitrogen fertilization
and plant spacing 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 was estimated by the Test
(DMRT) at 5% level of probability (Gomez and
Gomez, 1984).

RESULTS AND DISCUSSION

The experiment was carried out to find out the
influence of nitrogen and plant spacing on growth

and yield of lettuce. Data on different growth
parameters and yield of lettuce plant was recorded
and analyzed with Micosoft Excel program.

Influence on growth parameters

Plant height of lettuce did not vary
significantly among N, N, and N, level of nitrogen,
but plant height varied significantly at 35, 45, 55
and 65 DAT (Table 1). At all the growth stages, the
tallest plant (16.94, 21.85, 26.36 and 30.0 cm at
35, 45, 55 and 65 DAT, respectively) was recorded
from N; (150 kg N ha'!) which was statistically
similar (21.3 cm) to N, (100 kg N ha™") at 45 DAT.
Again, the shortest plant (10.36, 13.7, 18.42 and
21.89 cm at 35, 45, 55 and 65 DAT, respectively)
was observed from N, (0 kg N ha™). It was revealed
that with the application of higher doses of nitrogen
level, plant height was increased; the group with no
nitrogen application showed the least plant height
at all growth stages. Nitrogen fertilizer ensured
favorable condition for the elongation of lettuce
plant with optimum vegetative growth and the
ultimate result was the tallest plant. Similar results
were observed by Rincon et al. (1998), Tittonell et
al. (2003), and Boroujerdnia and Ansari (2007).

Statistically significant variation on plant
height of lettuce was shown due to different plant
spacings at 35, 45, 55 and 65 DAT (Table 1). At
different days after transplanting (DAT) the tallest
plant (16.73, 22.2, 26.55 and 30.46 cm at 35, 45, 55
and 65 DAT respectively) was recorded from S, (40
cm X 20 cm). On the other hand, the shortest plant
(13.3,16.71,21.0 and 24.21 cm at 35, 45, 55 and 65
DAT respectively) was found from S, (40 cm x 30
cm). Results under the present experiment showed
that closer spacing showed higher plant height,
where as wider plant spacing showed lower plant
height, because of closer spacing plant compete for
light source which helps to elongate the plant than
the wider spacing. Moniruzzaman (2006) reported
similar findings from the closest spacings.

Significant variation was observed due to
interaction influence of nitrogen and plant spacing
in terms of plant height of lettuce at 30, 40, 50
and 60 DAT (Table 1). The tallest plant (20.0,
26.21, 31.89 and 35.01 cm at 35, 45, 55 and 65
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DAT, respectively) was recorded from N,S . The
combination of N,S, also showed higher plant
height but significantly different from N,S,. The
shortest plant (9.71, 11.89, 17.54 and 20.11 cm at
35, 45 and 55 DAT, respectively) was found from
N,S;, NS, also showed lower plant height, but
significantly different from N S..

Significant disparity was recorded for
number of leaves per plant of lettuce with
application of different levels of nitrogen at 35,
45, 55 and 65 DAT (Table 1). At 35, 45, 55 and
65 DAT, the maximum number of leaves per plant
was 17.45, 24.85, 29.25 and 27.2, respectively,
obtained from N, (150 kg N ha™') and the minimum
number of leaves per plant (12.65, 17.23, 22.7 and
21.45 at 35, 45, 55 and 65 DAT, respectively) was
found from N (0 kg N ha!). It was revealed that
higher doses of nitrogen showed higher number of
leaves per plant, whereas no nitrogen application
had the lowest, at all the growth stages. Maximum
number of leaves per plant was recorded for the
highest level of nitrogen because nitrogenous
fertilizer ensures favorable condition for the
growth of lettuce. Similar findings were observed
by Rincon et al. (1998), Tittonell et al. (2003) and
Boroujerdnia and Ansari (2007).

No significant variation was found for
number of leaves per plant between S, and S,
But due to different plant spacing, statistically
significant variation was recorded for number of
leaves per plant of lettuce at 35, 45, 55 and 65 DAT
(Table 1). At different days after transplanting
(DAT) the maximum number of leaves per plant
(16.37, 23.14, 27.39 and 25.6 at 35, 45, 55 and 65
DAT respectively) was obtained from S, (40 cm
x 25 ¢cm) which was closely followed by S, (40
cm X 30 cm). At the same condition, the minimum
number of leaves per plant (14.0, 19.68, 24.31 and
22.68 at 35, 45, 55 and 65 DAT, respectively) was
recorded from S, (40 cm x 20 cm). It was revealed
that with the increase of spacing, the number of
leaves per plant also increased. Enough space for
vertical and horizontal expansion in the optimum
spacing leads to production of maximum number
of leaves per plant than the closer spacing. Earlier
Steingrobe and Schenk (1994) also reported
similar findings.

Interaction effect of nitrogen and plant
spacing showed significant difference among the
treatments in terms of number of leaves per plant
of lettuce at 35, 45, 55 and 65 DAT (Table 1).
The maximum number of leaves per plant (19.16,
27.1, 31.77 and 29.71 at 30, 40, 50 and 60 DAT,
respectively) was found from N,S,. The treatment
combination of N,S. also showed higher number
of leaves per plant, but significantly different from
N,S,. Again, the minimum number of leaves per
plant (11.54, 15.44, 21.34 and 20.51 at 35, 45, 55
and 65 DAT, respectively) was attained from P S .
It was revealed that optimum level of nitrogen and
plant spacing ensured maximum number of leaves
per plant .

Influence on yield parameters

Lettuce fresh weight per plant showed
statistically significant variation due to the
application of different levels of nitrogen at
different days after transplanting (Table 1). At 35,
45, 55 and 65 DAT, the maximum fresh weight
per plant was obtained from N, (150 kg N ha™h),
which was significantly different from all other
treatments. On the contrary, the minimum fresh
weight per plant (45, 56, 68 and 76 g at 35, 45, 55
and 65 DAT, respectively) was found from N (0
kg N ha™!). It was revealed that with the increase
of nitrogen application, fresh weight per plant
was increased due to optimum vegetative growth.
Nitrogen fertilizer ensures favorable condition for
the growth of lettuce with optimum vegetative
growth and ultimately resulting in the highest fresh
weight per plant. The results obtained earlier by
Rincon et al. (1998), Tittonell et al. (2003) and
Boroujerdnia and Ansari (2007) were similar with
that of the present study.

Fresh weight per plant of lettuce showed
statistically significant variation due to different
plant spacing at different growth stages (Table 2).
At 35, 45, 55 and 65 DAT, the maximum fresh
weight of plant (81.55, 94.58, 109.0 and 117.0 g at
35, 45, 55 and 65 DAT, respectively) was observed
from S; (40 cm x 30 cm) while the minimum fresh
weight per plant was 55.0, 65.4, 75.36 and 83.0 g
respectively) was found from S, (40 cm x 20 cm).
It was revealed that with the increase of spacing,
fresh weight of plant showed increasing trend.
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In case of wider spacings, plants receive enough
light and nutrients, which lead to attain the
maximum fresh weight of the plant. Similar result
was also reported by Sharma et al. (2001).

Interaction effect of different levels of
nitrogen application and plant spacing showed
statistically significant variation for fresh weight of
lettuce plant at different growth stages (Table 2).
The maximum fresh weight per plant (104.1,
120.1, 136.2 and 144.9 g at 35, 45, 55 and 65
DAT, respectively) was found from N,S., where
the minimum fresh weight per plant (36.65,
44.69, 54.44 and 62.59 g) was with N S . It was
revealed that optimum level of nitrogen and plant
spacing ensured maximum vegetative growth that
confirmed highest fresh weight per plant.

Significant variation was recorded in terms
of yield per plot due to the application of different
levels of nitrogen at different growth stages of
lettuce (Table 2). At 35, 45, 55 and 65 DAT, the
highest yield per plot was 2.92,3.42,3.84 and 4.20
kg, respectively and that was obtained from Nj,
(150 kg N ha™') which was statistically similar (2.4,
2.99, 3.4 and 3.66 kg at 35, 45, 55 and 65 DAT,
respectively) with N, (100 kg N ha'!). On the other
hand, the lowest yield per plot (1.45, 2.13, 2.55 and
2.83 kg at 30, 40, 50 and 60 DAT, respectively) was
recorded from N (0 kg N ha™). It was revealed that
with the increase of nitrogen maximizes lettuce
yield as increased nitrogen level helps plant for
higher vegetative growth.

Yield per plot was statistically varied in terms
of different plant spacing at different growth stages
of lettuce (Table 2). At 35, 45, 55 and 65 DAT, the
maximum yield per plot (2.39,2.96, 3.37 and 3.68
kg, respectively) was obtained from S, (40 cm x
25 cm) which was closely followed by S; (40 cm
x 30 cm) at all growth stages. On the other hand,
the lowest yield per plot (2.0, 2.6, 3.0 and 3.3 kg at
35, 45, 55 and 65 DAT, respectively) was recorded
from S, (40 cm x 25 cm). It was revealed that with
the increase in spacing, individual weight per plant
was increased. So, in spite of less population, total
yield per plot may be higher due to higher individual
plant weight and optimum spacing ensured the

highest yield with the maximum vegetative growth.
Moniruzzaman (2006) reported that the highest
yield (25.9 t ha'! in 1999-2000 and 28.3 t ha! in
2000-2001 with an average of 27.10 t ha') was
observed in the spacing of 40 x 20 cm with mulch,
which was statistically at par with the spacing of
40%30 cm. Similar result was also obtained by
Sharma et al. (2001).

Significant variation was observed due to the
influence of different levels of nitrogen and plant
spacing in terms of yield per plot at different growth
stages of lettuce crop (Table 2). Results showed that
the highest yield per plot was 3.0, 3.56, 3.99 and
4.39 kg at 35, 45, 55 and 65 DAT, respectively from
NS, which was statistically identical with N.S, at
55 and 65 DAT, but statistically similar with NS,
and N,S, at different DAT. The lowest yield per plot
(1.36, 1.86, 2.29 and 2.59 kg at 35, 45, 55 and 65
DAT, respectively) was recorded from NS, which
was statistically identical with NS, at 35 DAT and
statistically similar with N S., NS and NS, at 30
DAT. It was revealed that optimum level of nitrogen
and plant spacing ensured the maximum vegetative
growth and allocation of optimum number of plants
that leads to produce the highest yield per plot .

Different levels of nitrogen application
influenced yield per ha significantly at different
growth stages of lettuce (Table 2). At 35, 45, 55 and
65 DAT, the highest yield per ha was 6.0, 7.2, 8.0 and
8.8 t, respectively from N, (150 kg N ha™') which
was statistically similar (6.58 and 7.0 t at 45 and 55
DAT, respectively) with N, (100 kg N ha™!). On the
other hand, the lowest yield per ha (3.0, 4.43, 5.31
and 5.9 t at 35, 45, 55 and 65 DAT, respectively)
was recorded from N (Okg N ha'!). It was revealed
that with increase of nitrogen maximizes lettuce
yield because of increased nitrogen helps plant for
higher vegetative growth. The findings of Rincon et
al. (1998), Tittonell et al. (2003), Kliber (2005) and
Boroujerdnia and Ansari (2007) were similar with
the present study.

Yield per ha of lettuce was statistically
significant in terms of different plant spacing at
different growth stages (Table 2). At 35, 45, 55 and
65 DAT, the maximum yield per ha (4.98, 6.17,7.03
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and 7.66 t, respectively) was obtained from S, (40
cm x 25 cm). On the other hand, the lowest yield
per ha (4.19,5.76, 6.35 and 6.96 tat 35, 45, 55 and
65 DAT, respectively) was recorded from S, (40 cm
x 25 cm). It was revealed that with the increased
spacing, individual weight per plant increased. So,
in spite of less population, total yield per ha was
higher due to higher individual plant weight and
optimum spacing ensured the highest yield with the
maximum vegetative growth. The results were in
aggreement with that of Sharma et al. (2001).

Significant variation was obtained due to
interaction effect of different levels of nitrogen and
plant spacing in terms of yield per ha at different
growth stages of lettuce crop (Table 2). Results
showed that the highest yield per ha were 6.44,
7.41, 8.31 and 9.15 t at 35, 45, 55 and 65 DAT,
respectively from N.S,. The lowest yield per ha
(2.84, 3.89, 4.75 and 5.34 t at 35, 45, 55 and 65
DAT, respectively) was recorded from NS , which
was statistically similar with N S, at 35 DAT. It was
revealed that optimum level of nitrogen and plant
spacing ensured maximum vegetative growth and
the allocation of optimum number of plants that
leads to produce the highest yield per ha.

Different levels of N application influenced
total yield of lettuce significantly (Table 2).
It was observed that the highest yield (14.4 kg per
plot or 29.99 t ha'!) was obtained from N, (150 kg
N ha!), whereas the lowest yield (8.95 kg per plot
or 18.65 t ha™') was recorded from N, (OkgN ha™h).
The higher yield was achieved with higher doses
of nitrogen, which helped plants for higher
vegetative growth. The results obtained earlier
by Rincon et al. (1998), Tittonell et al. (2003),
Kliber (2005) and Boroujerdnia and Ansari
(2007) were similar with the present findings.

Total yield of lettuce was significantly
influenced by plant spacing (Table 2). Results
indicated that the maximum yield (12.4 kg per plot or
25.83 tha™!) was obtained from S, (40 cm x 25 cm).
On the other hand, the lowest yield (11.0 kg per plot
or 23 t ha'!) was recorded from S, (40 cm x 20 cm).
It was said that higher spacing showed higher yield

till to a certain level because of higher population
is ensured with lower spacing and higher spacing
provide more nutrients and less competition of
nutrition for vegetative growth. Similar result was
also reported by Sharma et al. (2001).

Significant variation was obtained due to
interaction effect of different levels of nitrogen
and plant spacing in terms of total yield of
lettuce crop (Table 2). Results showed that
the highest yield (31.31 t ha') was obtained
from N,S, and the lowest (16.79 t ha™!)
was from N S . Similar findings were also recorded
by Tittonell et al. (2001).

CONCLUSION

Nitrogen and spacing had significant effect
on growth, yield and yield contributing characters
of lettuce crop. Results showed that at 35, 45, 55
and 65 DAT, the tallest plant was recorded from
NS, whereas, the shortest plant was found from
NOS3. At 35, 45, 55 and 65 DAT, the maximum
number of leaves per plant highest yield per plot
and yield per ha, were found from N,S , but fresh
weight per plant and the highest total yield per plot
(15.04 kg) and yield per ha (31.31 t) were achieved
from N.S,. On the other hand, at 35, 45, 55 and 65
DAT, the lowest number of leaves per plant, fresh
weight per plant, yield per plot and yield per ha,
was found from NS . Similarly, in terms of total
yield, the lowest total yield per plot (8.06 kg) and
yield per ha (16.79 t) were also obtained from NS, .
The results clearly indicated that optimum level of
nitrogen and plant spacing ensured the maximum
vegetative growth and ultimately producing the
highest yield.
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