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Abstract: A field experiment was conducted during two successive seasons at the Experimental Station
of the National Research Center in Nubaria region, Egypt. To study the effect of potassium fertilizer rates
(0, 50, 100 and 150 kg K,O fed™") and three rates of organic amendment (1, 2 and 3 ton fed™") on growth, yield
and nutritional status of lettuce plants (Lactuca sativa L.). The results showed that applying different at rates
of compost alone or in combination with potassium sulphate can promote of most growth parameters
(number of leaves/plants, leaf area, fresh weight of leaves and root, dry weight of leaves and root) and yield
in both seasons when compared to the control treatment. Also, using organic amendment at a rate of 3 ton fed ™
with a high level of potassium fertilizer (100 Kg fed™") significantly improved growth characteristics growth
parameters, yield and e nitrogen, phosphorous and potassium content of lettuce leaves when compared to other
treatments of lettuce in both two seasons. The improvement of growth and yield specifications resulted in an
improvement in lettuce yield quality by increasing the content of pigments, vitamin C and carbohydrates in its

leaves.
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INTRODUCTION

Lettuce (Lactuca sativa) is considered as the most
important vegetable in the group of leafy vegetables. It is
almost exclusively used as a fresh vegetable in salads and
fast food but some forms are also cooked [1] and [2]. Tt is
a very important exotic vegetable that can increase the
income of farmers of high yield. Lettuce contains several
vitaminsa dietary minerals significant for human health
such as K, P, Fe and Zn and as well as it has contained
other health-promoting bioactive compounds [3], [4] and
[5].

Fertilizer is a major input in crop production. To
reduce mineral fertilizers cost, environmental degradation
and restore soil fertility, the use of organic amendment
has a significant value. To fulfill agricultural
sustainability, the use of organic amendment has
achieved main significance in recent years, particularly
under intensive cropping system in most countries in a

world [6] and [7]. Sustainable agriculture requires use of
organic fertilizers for steady nutrients supply and
improving soil organic matter, soil physical and chemical
properties and crop productivity [8], [9] and [10]. Compost
is commonly used organic amendments in agriculture.
Compost is an aerobically decomposed organic material
derived from plants and/or animal residues by mesophilic
and thermophilic microorganisms [11] and [12]. Compost
application to agricultural lands has been recognized as a
reliable way to improve the properties of most soils,
especially soils with poor structure and low levels of
organic matter [13].

Potassium is an essential nutrient for plant nutrition
and its ability to influence meristem growth, water status,
photosynthesis, long distance transport of assimilates,
enhance many enzyme actions, helps translocate sugars
and starches, increase protein content as well as control
ionic balance [14] and [15]. Generally, plants require large
quantities of K and hence, K is classified as a ‘macro’-
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nutrient, plants with minor K deficiencies may suffer from
reduced growth and productivity [16] and sustain balance
between monovalent and divalent cations [17].

The aim of the paper was to study the effect of
compost as an organic amendment to sandy soil with
potassium fertilizer rates on growth, yield and nutritional
status of lettuce plants grown in sandy soil conditions at
two successive seasons.

MATERIALS AND METHODS

Two field experiments were carried out during the two
successive seasons of 2019-2020 and 2020-2021 at the
experimental station of the National Research Centre in
Nubaria region, Egypt to study the effect different rates of
potassium fertilization and organic amendment (compost)
on growth, yield and nutritional state of lettuce plants
(Lactuca sativa L.) Cv. Batavia green was grown in sandy
soil and using a drip irrigation system. Some physical and
chemical properties of the soil used in the experiments are
shown in Table (1) using the standard procedures
outlined by Cottenie et al. [18].

Seedlings were transplanted when two leaves were
completely expanded 30days after sowing Seeds of lettuce
(Lactuca sativa L.) cv. Batavia green. Seedlings were set
up in the field on 20™ of November and 15" of November
in the first and second seasons, respectively. Seedlings
were planted on one side of ridges 25cm apart, ridges were
80 cm in width and 4 m length. Each plot included 4 ridges
and the plot area was about 12 m’. The experimental
design was a complete randomized block with five
replications for each treatment. The recommended dose of
NPK chemical fertilizers used in this experiment according
to the Ministry of Agriculture, Egypt.

The treatments consisted of compost with different
rates (1, 2 and 3 ton fed™") and incorporated in the top
15 cm layer of soil in the experimental beds before the
plantation of lettuce seedlings, Compost was determined
(Table 2) using the standard procedures outlined by
Cottenie et al. [18].

Potassium fertilizer was applied as potassium
sulphate (46% K,0O) at rates of (0, 50, 100 and 150 Kg K,O
fed™) were add to lettuce plant after 30 days from
seedlings All agricultural practices
operation -other than experimental treatments- necessary
for growth as cultivation, irrigation and pest control were
followed whenever it was necessary and were done
according to the recommendations of Ministry of
Agriculture, Egypt.

at two doses.
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Table 1: Some physical and chemical properties of the soil used

Soil property Value Soil property Value
Particle size distribution % pH 7.70
Sand 92.65 EC(dSm™) 1.60
Silt 5.07

Clay 2.28

Texture Sandy

Soluble ions (mmol L")

Ca™ 8.02

Mg** 3.23

Na* 3.92

K* 0.91

CO5~ -

HCO;y 2.20

Cr 3.98

SO~ 9.90

CaCO; % 1.90

Saturation percent % 22.5

Organic matter % 0.15

Available N (mg kg™") 24.5

Available P (mg kg™") 2.90

Available K (mg kg™") 56.4

Recorded Data: After 60 days from transplanting, the
plants were harvested and total yield was recorded for
each plot. Five plants were randomly chosen from each
experimental plot to determine number of leaves/plants,
leaf area, fresh weight of leaves and root, dry weight of
leaves and root and total yield ton fed™".

Chemical Constituents: Prior to digestion the samples
were re-dried in order to remove possible moisture gained
before the analyses:

* The percentage of N, P and K in leaves were
determined according to the methods in [18].

¢ Chlorophyll a, chlorophyll b and carotenoids content
were estimated according to the method described by
Moran [19].

« Total carbohydrate percentage in leaves (%): dry
matter of each treatment was used for determination
total  carbohydrates%  were  colorimetrically
determined using phenol-sulphoric acid reagent
method as outlined by Dubois et al. [20].

*  Vitamin C was estimated in lettuce leaves according
to the method reported in A.O.A.C. [21].

Statistical Analysis: All data were subjected to statistical
analysis using Mstatc software. The comparison among
means of the different treatments was determined, as
illustrated by Snedecor and Cochran [22]. Means of the
treatments were compared by the Least Significant
Differences Test at (0.05) level of significance.
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Table 2: Some chemical properties of compost used

Moisture content Organic Matter Organic Carbon Ash content N P K
pH1:25 EC(@ASm™) (%) C:N ratio
8.10 2.20 21 30.8 17.9 69.2 0.86 0.16 0.59 1:20.8
RESULTS AND DISCUSSION The obtained results are in harmony with [28]. Also, [29]

The data in Table (3) showed that applying different
at rates of compost (1.2and3 and ton fed™") alone or in
combination with potassium sulphate rates (0, 50, 100 and
150 Kg K,O fed™') can promote of most growth
parameters (number of leaves/plants, leaf area, fresh
weight of leaves and root, dry weight of leaves and root)
and yield ton fed™ in both seasons when compared to the
control treatment. The results thus obtained compatible
with Abd El-Fattah et al. [23]. [24] found that the
application of compost had higher on width, leaf number
per plant and plant fresh weight as well as chemical
fertilizer. In comparison, between with different levels of
compost (1, 2 and 3 ton fed ~') data indicated that the
higher level of compost (3 ton fed™') had significantly
enhancing effects of growth parameters and yield in both
two seasons of lettuce plant under study. The increasing
of growth parameters and yield may be due to the
complete decomposition of compost and release of
nutrients in the available form. Moreover, organic
amendment stimulates root development partially to large
increases in soil microbial biomass and improves the
activities of microorganisms, particularly those involved
in mineralization after compost applications These
findings confirm those obtained by [25] [26]. In addition,
compost contributes to increasing soil aggregates in the
sandy soil, thus improving the texture and porosity of the
soil, which helps it hold erosion, thus creating an
environment for the growth of roots in a better way [27].
Interestingly, the results inspection in Table (3) revealed
that the addition of 100 K,O fed™" with compost at a rate
of 3 ton fed™ increased the highest values of most
vegetative growth character measurements and yield as
compared to application 150 K,O fed™" with 1 and 2 ton
fed™'. The maximum-recorded values were number of
leaves plant™' (51.67), leafarea (355.7 mnt ), fresh matter of
leaves (464.1g plant™), dry weight of leaves (51.46 g),
fresh matter of root (47.48g) , dry weight of root (6.623g )
and total yield (6.770 ton fed™") in the first season.
Whereas the highest value was number of leaves plant™
(50.55), leaf area (349.6 mm?®), fresh matter of leaves
(450.1g plant™), dry weight of leaves (49.87g), fresh
matter of root (46.77g), dry weight of root (7.600 g)
and total yield (7.102ton fed™") in the second season.
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and [30] they found that increasing potassium fertilizer
levels increased number of leaves / plant and shoot fresh
weight and root fresh weight, root yield fresh weight /
plant as compared to low potassium yield. Potassium is
one of major elements for crop growth and yield
development, although it is not an integral component of
any cellular organelle or structural part of plant. It is the
most abundant cation in plants and is associated or
involved with many physiological princesses supporting
plant growth and development.

Chemical Constituents: Nitrogen, phosphorus and
potassium content of lettuce plants as affected by
different rates of compost and potassium fertilizers are
shown in Table (4). Results revealed that all treatments
tended to increase N, P and K concentration and
uptake in the first and second seasons in leaves of
lettuce as compared with the control treatment.
These results are in a good harmony with [31], [32]
reported that the nitrogen, phosphorus, potassium
contents in lettuce leaves increased with the application
of organic compost reported that the nitrogen,
phosphorus, potassium contents in lettuce
increased with the application of organic compost.
Organic composts increase nutrients content in soil and
their availability for plants [33].

The obtained results of both seasons in Table (4)
clearly revealed that the maximum N and potassium
observed when applying a organic
amendment at rate of 3ton fed™" with potassium sulphate
at a rate of 100 Kg fed™ (N =2.69 % and 2.60 %) and
(K=2.44 % and 2. 46 %) of leaves in the first and second
seasons, respectively. On the other hand, N, P and K
concentration tend by increasing with using compost at
rate of 2ton fed™" and potassium sulfate at rate of 150 Kg
fed™'(N= 2.23% and 2.30%) and (P=0.26%and 0.27%) and
(K= 2.34%and 2. 30%) of leaves in the first and second
seasons respectively. [34] found that potassium in
organic fertilizers is already mineralized and its availability
is similar to potassium derived from mineral fertilizers due
to the rapid release of the potassium in organic fertilizers.
Also, (35) reported that the highest potassium fertilization
at a rate of 75 kg K,O fed™" gave the highest value of N,
P and K content of carrot plants.

leaves

content was
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Table 3: Effect of different rates of compost and potassium fertilizer on growth and yield of lettuce plant in both seasons of study

Fresh matter Dry matter Fresh matter — Dry matter
Potassium of leaves of leaves of roots of roots
Compost rates ton fed™  fertilizer K,O fed™ g No. of leaves Leafarea mm? Yield ton fed™!
First season
Control (RDF) 166.3 25.89 27.44 2.888 26.74 123.6 2.156
1 0 218.5 28.67 29.31 3.923 30.10 144.8 2.776
50 296.7 32.99 32.78 4.660 33.33 167.3 3.371
100 317.6 3591 35.09 4.840 34.33 200.0 3.652
150 328.8 37.14 36.15 5.613 37.00 203.7 4.181
2 0 256.0 35.88 34.31 4.000 36.44 176.6 3.879
50 367.3 40.43 38.73 5.453 44.67 232.3 4.621
100 394.0 42.69 41.23 6.127 41.33 2443 4.820
150 410.4 43.39 45.77 6.150 45.67 251.7 5.480
3 0 376.1 37.50 38.80 4.753 38.55 230.8 4.602
50 424.4 43.57 40.56 5.533 42.00 337.7 5.900
100 464.1 51.46 47.48 6.623 51.67 355.7 6.770
150 441.4 47.60 45.80 6.473 46.67 347.3 6.050
LSD 05 19.1 2.37 2.53 0.25 3.10 4.53 0.69
Second season
183.2 24.90 26.15 2.523 27.37 133.6 2.268
1 0 251.3 29.54 30.2 3.3.08 31.70 156.8 3.030
50 300.1 31.80 31.68 3.870 33.31 172.3 3.370
100 322.5 35.52 34.87 4.656 34.21 199.7 3.655
150 333.2 36.94 36.11 5.600 36.88 202.4 4.017
2 0 286.9 37.61 35.11 4.156 37.80 200.6 4.008
50 372.5 39.32 37.62 5.353 41.23 229.5 4.560
100 395.8 41.28 40.00 6.022 44.68 238.8 4.782
150 415.2 43.00 42.56 5.981 45.62 249.5 5.358
3 0 393.1 37.66 37.48 4.920 37.15 253.1 4.386
50 4223 43.60 40.01 5.522 42.20 328.9 5.881
100 450.1 49.87 46.77 7.600 50.55 349.6 7.102
150 439.5 46.56 44.58 6.756 46.76 340.2 6.000
LSD 05 19.3 2.33 2.51 0.26 3.11 4.55 0.69

It was evident from the obtained data in Table (5)
the effect of potassium fertilizer treatments in the presence
of organic soil conditioner on the yield quality of lettuce
plants, by estimating the lettuce leaves’ content of
vitamin C and carbohydrates, as well as the plant
pigments of chlorophyll A, B and carotenoids.

Increasing the rates of adding potassium fertilizer
from 50 to 150 kg fed™ significantly enhanced the content
of lettuce leaves from plant pigments, vitamin C and
carbohydrates, especially with the increase in the rate of
adding organic soil conditioner from 1 to 3 ton per feddan,
during the two growing seasons.

Olfati et al. [36] reported that increasing lettuce yield
quality was dependent on increasing rate applying of
compost from 0 to 100 Mg ha™'. Compost is an efficient
soil amendment rich in essential nutrients and beneficial
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elements. Thus improve the nutritional quality of the yield
and vitamin C and carbohydrate content of plants [37].
The increase in vitamin C content of lettuce plants may be
attributed to the role of potassium in photosynthesis is
very important due to the activation of enzymes by K and
its involvement in adenosine triphosphate (ATP)
production is probably more important in regulating the
rate of photosynthesis. As it is known that, ascorbic acid
synthesized from sugars supplied  through
photosynthesis in plants [38]. Potassium played a major
role in many physiological and biochemical processes
such as cell division, elongation and metabolism of
carbohydrates and protein compounds [30]. Anjaiah and
Padmaja [39] who found that total carotenoids and total
soluble solids increased with increasing levels of
potassium fertilization.
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Table 4: Effect of different rates of compost and potassium fertilization on N, P and K content of lettuce leaves in both seasons of study

First season Second season
N P K N P K
Compost rates ton fed™!  Potassium fertilization Kg fed ™! %
Control (RDF) 1.43 0.12 1.68 1.53 0.14 1.70
1 0 1.48 0.15 1.77 1.66 0.15 1.80
50 1.73 0.16 1.81 1.82 0.17 1.80
100 1.79 0.19 1.85 1.84 0.19 1.86
150 1.88 0.22 1.89 1.92 0.21 1.90
2 0 1.61 0.17 1.82 1.66 0.16 1.84
50 1.96 0.23 1.90 1.95 0.23 1.98
100 2.09 0.25 1.95 2.11 0.26 2.11
150 2.23 0.26 2.34 2.30 0.27 2.30
3 0 1.89 0.21 2.00 1.94 0.23 2.09
50 2.35 0.28 2.35 2.39 0.28 2.35
100 2.69 0.34 2.44 2.60 0.33 2.46
150 2.41 0.30 2.40 2.44 0.29 2.42
LSD 0.05 0.51 0.01 0.69 0.53 0.01 0.68

Table 5: Effect of different rates of compost and potassium fertilization on yield quality of lettuce plant in both seasons of study

chlorophylla  chlorophyllb  Carotenoids

Compost rates ton fed ™ Potassium fertilizer K,O fed™ Carbohydrate %  Vitamin C mg/100gm mg g™
First season
Control (RDF) 0.71 2.8 5.44 1.33 1.24
1 0 0.79 3.6 6.30 1.79 1.50
50 1.02 4.46 7.54 2.58 2.67
100 1.11 4.40 8.60 2.96 2.94
150 1.26 4.67 9.27 3.20 3.39
2 0 1.23 3.80 8.31 2.88 3.22
50 1.50 4.04 9.90 3.43 3.53
100 2.20 443 10.0 3.42 3.56
150 2.55 4.20 10.6 3.60 3.73
0 1.86 3.90 9.3 3.67 3.22
3 50 2.40 4.15 10.8 3.66 3.82
100 2.80 5.70 11.1 3.76 3.95
150 2.83 5.05 11.5 3.80 3.98
LSD 0.05 0.28 0.32 1.20 0.93 0.95
Second season
Control (RDF) 0.75 3.01 6.12 1.58 1.42
1 0 0.85 3.62 6.85 1.97 1.68
50 1.11 4.26 7.44 2.46 2.45
100 1.22 4.30 8.52 2.74 2.72
150 1.30 4.4 9.17 3.10 3.17
2 0 1.37 4.00 8.90 3.00 3.25
50 1.58 4.14 9.95 3.21 3.41
100 2.18 433 10.0 3.18 3.50
150 2.45 4.70 10.5 3.34 3.63
3 0 1.94 4.12 9.9 3.41 3.43
50 2.50 4.45 10.7 3.45 3.72
100 2.70 5.70 11.9 3.65 3.90
150 2.70 5.10 11.2 3.46 3.83
LSD 0.05 0.29 0.33 1.26 0.92 0.95
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CONCLUSION

The importance of compost is due as a good organic
amendment suitable for sandy soil, which improves its
natural and chemical properties as well as its fertility,
which leads to improving the growth, yield and nutritional
status of Batavia lettuce plants. This remarkable good on
lettuce plants will only occur in the presence of potassium
fertilization, which is added in the appropriate amount to
achieve the highest growth, yield and good nutritional
status of lettuce plants grown in sandy soil during the
two successive growing seasons.
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