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ABSTRACT

A field experiment was carried out on a loamy sandy soil at Om Saber Farm (110 km from Cairo), South
El-Tahrer Province, El-Behiera Governorate, Egypt during a period of 8th September to 8th November 2010.
The current work was an attempt to evaluate the response of lettuce plants (Lactuca sativa L., Ice-berg cv.)
and its nutrient contents to different ratios of K- sources i.e., KCl, KNO3 and K2SO4 applied as solely or
together through a fertigation system. The influence of K-different combinations on nutrients availability as
well as the resistant power of lettuce plants to diseases of fungi spp. that causes serious losses in the
exportable fresh yield were also suggested. The obtained results also indicated that the experimental sandy soil
is not partially retain neither plant essential nutrients nor soil moisture for growing plants. Also, such soil is
poorer not only in the nutrient-bearing minerals, but also in organic matter that both represent a strategic
storehouse for the soil essential nutrients. So, it could be classified as Typic Torripsamments, siliceous, thermic
as well as a marginally suitable class (S3s1) for irrigated agriculture land. In spite of soil texure (S1) represents
the most effective limitation for soil productivity, it could be considered as highly suitable (S1) adaptation for
cultivating lettuce plants. The obtained results showed that the effects of applied K-sources and ratios through
fertigation system on N, P, K, Ca, Mg, N-NO3 and Cl contents in the tissues of lettuce organs (i.e., heads and
roots) were significantly affected, besides gradual increases with increasing the applied rates. Although the total
lettuce fresh and exportable yields exhibited slightly differences due to the applied tested K-sources, yet such
difference could not be reached the significance degrees. That was true, since soil severity conditions could
be amended by applying the fertigation system that played a positive dual role for increasing both soil retained
for both nutrients and moisture in available forms among root zone. The data reveal also that the most KCl-
combined ratios resulted in reduction of the soil fungal population and the disease incidence in lettuce heads
harvested infection with Sclerotiniia sclorotium and Rhizoctonia solani spp., as compared to both K2SO4 and
KNO3 treatments. So, from the biological and the economical point of view, it could be, in general,
recommended by application of fertigation system due to its easily construction in the field, high water soluble
K-fertilizer sources at a ratio of 50:50:0 for KCl:KNO3:K2SO4 that represents a superior treatment for lettuce
plants.

Key words: Fertigation, potassium fertilizer sources, Lettuce (Lactuca sativa L.), vegetable disease, loamy
sand of El-Tahrer Provimce.

Introduction

Lettuce (Lactuca sativa L.) is native to the Mediterranean area and was domesticated in Egypt around 4500
B.C. (Michelmore and Eash, 1986). Lettuce is a fairly hardly, cool-weather vegetable that thrives when the
average daily temperature is between 15 and 21 oC. Drip irrigation system plays an effective role for lettuce
production (Rubatzky, 2005). Potassium is important for lettuce in which it improves the physiological
characteristics of lettuce cultivars (Varoquaux et al., 1996).

The productivity of the different grown crops is affected by many factors among which fertilization by
macro and micronutrients as well as the applied fertilization system of these nutrients in vegetable crops is also
most prominent. In the relatively coarse textured soils, increasing soil potential for high productivity of lettuce
required a proper and justified fertilization policy, particularly potassium where it is the most abundant macro
nutrient in the plant after nitrogen.
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Many investigators suggested the beneficial role of potassium in the soil, however, it represents an
essential element for all living organisms (Duke and Collins, 1985). Potassium is one of the major essential
plant nutrients and it is absorbed by the roots of plants in the form (K+) which freely moves within the
growing plants (Schachtman, 2000). Potassium have many roles or functions and is important to profitable crop
production: stimulates early growth; increases the protein production; improves the efficiency of the water use;
promotes the photosynthesis and thus leads to the formation of carbohydrates, oils, fats and proteins; essential
for the formation and translocation of sugars in plants; vital for stand persistence, longevity and winter
hardiness and improves resistance to diseases and insects (Alam and Naqvi, 2003).

It is a mobile element within the plant and can readily move between plant organs. It luxuriously absorbed
by plants where it has an important role in a number of enzymes including those involved with energy transfer.
It is vital for transferring carbohydrates throughout the plant as well as osmotic regulation (maintaining turgor)
and either in symbiotic nitrogen fixation or metabolism, and in turn protein synthesis (Ebtsam et al., 2006).
So, no plant can grow and complete its life cycle without potassium. Potassium is associated with movement
of water, nutrients and carbohydrates in plant tissue. If K+ is deficient or not supplied in adequate amounts,
the growth is stunted and the yield is reduced (John et al., 2006).

Soil fertility and retained moisture content are considered to be two of the most important limited factors
affecting plant growth and its yield for majority of economical vegetable crops, especially those grown on
sandy soils under the arid and semi arid regions (Moreshet et al., 1996). However, desert skeletal soils in
Egypt are characterized by low K-contents. Potassium is one of sixteen essential nutrients required for plant
growth and reproduction, and it is classified as a macronutrient, such as either nitrogen or phosphorus. At the
same times, application of K in such soils might temper moisture stress due to its cell turgor control and
metabolic activity. In particular, the efficient cell development, translocation and storage of assimilate as well
as other internal functions are based on many physiological, biochemical and biophysical interactions require
adequate K in the cell sap (Marschner, 1995). It plays a part in many important regulatory roles in the plant,
it is essential in nearly all processes needed to sustain plant growth and reproduction. Also, potassium plays
a vital role in; translocation of photosynthesis products, protein synthesis, control of ionic balance, regulation
of plant stomata and water use, activation of plant enzymes and many other processes (Krauss and Jiyun,
2000).

Abd El-Kader et al. (2007) studied the response of potato grown on a sandy soil to K-fertilizer, and they
found that a good crop yield and high quality of potato were achieved with increasing the applied K rates.
Also, K-fertilization causes a pronounced increase in each of dry mass of the leaves, tuber yield and their
contents of other nutrients, i.e., N, P, Ca and Mg. Moreover, exchangeable K was increased linearly with
increasing the applied rates, and then the higher the exchangeable K in the soil is, the higher is the obtained
yield. Such results confirmed the necessity of K fertilization program to obtain better growth and high quality
yield rich in nutrients from sandy soils. In this concern, Nassem et al. (2007) showed that KNO3 fertilization
decreased Na+ and Cl- contents and increased K+ and NO3

- in corn shoots. In contrast, the fertilization with
KNO3 was more effective for reducing the adverse effect of irrigation water salinity.

The most common K-fertilizer sources in crop production are K2SO4, KNO3, KCl and KH2PO4. Injection
of potassium through micro-irrigation systems has been very successful. In general, all fertilizers must meet
the following criteria to be suitable for application through irrigation system : 1) avoid corrosion or clogging
of any component of the system, 2) be safe for field use, 3) do not decrease crop yield, 4) be soluble in water,
5) do not react adversely with salts or other chemical in the irrigation water. In addition, the fertilizer should
be evaluated in part based on its cost per unit of nutrient, so that KCl has the lowest cost as compared with
KNO3 or K2SO4 where the costs of the compared K sources are 0.42$, 0.74$ and 0.88$ per kg K2O taken from
KCl, K2SO4 and KNO3 respectively (Burt et al., 1998).

Many fungi and bacteria invade and infect plant tissues by producing enzymes that dissolve the middle
lamella. Enzymes responsible for dissolving the middle lamella include polyglacturonases and pectolytic
enzymes such as pectate transeliminase. Plant tissues are superior to potassium in reducing the infection of the
fungal pathogen Botrytis in lettuce. The effect of K on crop specific host/pathogen relationships for rice was
summarised recently by Hardter (1997).The current study was undertaken to evaluate the response of lettuce
plants to the fertigation with some potassium fertilizer sources (potassium chloride, potassium nitrate and
potassium sulfate) each applied solely or together.

Materials and methods

A field experiment was carried out on a loamy sandy soil at Om Saber Farm (110 km from Cairo), South
El-Tahrer Province, El-Behiera Governorate, Egypt during a period of 8th September to 8th November 2010.
To identify the initial characteristics of the experimental soil, a surface soil sample (0-40 cm depth) was 
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collected before the beginning of the experiment and subjected to some physical and chemical analyses
according to Jackson (1973), Page et al. (1982) and Gee and Bauder (1986) as well as some soil essential
nutrients status (Follet and Lindsay, 1971; Soltanpour and Schwab, 1977; and Lindsay and Norvell, 1978). The
obtained results are presented in Table 1.

Table 1: Some physical, chemical and fertility characteristics of the experimental soil.
Soil characteristics Value Soil characteristics. Value 
Particle size distribution %: Soil paste extract:
Sand 83.3 EC (dS/m) 0.85
Silt 7.5 Soluble cations (m molc L-1):
Clay 9.2 Ca++ 3.43
Texture class Loamy sand Mg++ 1.97
Infiltration rate (cm h-1) 7.15 Na+ 2.75
CaCO3                    % 1.42 K+ 0.40
Available nutrients (mg kg-1 soil) Soluble anions (m molc L-1):

CO3
– 0.00

N   (potassium sulphate) 21.65 HCO3
- 1.70

P   (sodium bicarbonate) 4.39 Cl- 4.65
Ca  (ammonium acetate) 359.71 SO4

-- 2.20
Mg (ammonium acetate) 218.36 pH (1:2.5 soil water suspension) 7.45
K   (ammonium acetate) 63.45 Organic matter        % 0.27
Fe   (DTPA) 4.96 CEC (c molc kg-1) 8.52
Mn (DTPA) 0.85 Soil total N             % 0.013
Zn  (DTPA) 0.79 Soil organic carbon % 0.157
Cu  (DTPA) 0.67 Soil C/N ratio 12.08
Critical limits of nutrients in mg/kg after Lindsay and Norvell (1978) and Page et al. (1982)
Limits N P K Fe Mn Zn Cu
Low < 40.0 < 5.0 < 85.0 < 4.0 < 2.0 < 1.0 < 0.5
Medium 40.0-80.0 5.0-10.0 85.0-170.0 4.0-6.0 2.0-5.0 1.0-2.0 0.5-1.0
High > 80.0 > 10.0 > 170 > 6.0 > 5.0 > 2.0 > 1.0

To evaluate the response of the lettuce plants (Lactuca sativa L., Ice-berg cv.) grown on such skeletal soil
to K-fertilization throughout a modern system of fertigation, by using different potassium fertilizer forms, i.e.,
KCl, KNO3 and K2SO4, applied as solely or together. The experimental area was divided into 48 beds of 10m
long and 110cm width, with an area of 11 m2 for each plot and 160 plants per bed. Four beds were replicates
for each treatment, however, beds were arranged in the field as a split plot design. The experimental plots were
irrigated by drip irrigation system that was characterized by 25 mm PE header line, 16 mm lateral pipes and
2.3 L h-1 discharge. The whole soil surface (0-30 cm depth) was sterilized using the methane sodium (70 L
fed-1), in addition to use solarization after the application of organic and inorganic fertilizers (15 m3 composted
cattle manure and 200 kg superphosphate (15% P2O5 ) per faddan, which were broadcasted and incorporated
into soil. The main characteristics of the used composted cattle manure are presented in Table 2.

Fertigation was applied throughout 12 combination ratios of K-KCl:K-KNO3:K-K2SO4, as follows: 100:0:0,
75:25:0, 50:50:0, 25:75:0, 0:100:0, 0:75:25, 0:50:50, 0:25:75, 0:0:100, 25:0:75, 50:0:50 and 75:0:25 as
compared to 100 % of that equal to the total K-requirements during each growth stage. The magnitude and
percentage of the applied nutrients for the used inorganic or organic fertilizers through the fertigation system
were as follows: potassium nitrate contains 13% N and 46% K2O, potassium chloride . 63% K2O, potassium
sulfate  . 50% K2O, ammonium nitrate  . 33.5 % N, phosphoric acid  . 50 % P2O5, Magnesium nitrate  .
16 % MgO.7H2O, calcium nitrate  . 15.5 % N and 29 % CaO, FeEDDHA  . 6 % Fe, Zn EDTA  . 13 %
Zn and Mn EDTA  . 12 % Mn.

The application of this fertilization system could be saved about 150, 25, 100, 30, 10, 4, 2 and 1 mg L-1

of irrigation water during vegetative growth stage and 50, 10, 100, 15, 5, 2, 1 and 0.5 mg L-1 for N, P2O5,
K2O, CaO, MgO, Fe, Zn and Mn during head filling stages, respectively. These nutrient levels are used in
PICO farm for lettuce production as recommended by their experts. The maximum Cl concentration in the
treatment of 100:0:0 (K-KCl:K-KNO3:K-K2SO4) was about 9.5 m molc or 336 mg L-1 (114 mg supplied with
KCl + 222 mg supplied with irrigation water).

Table 2: Some characteristics of the used composted cattle manure (dry weight basis).
Character Value
Weight of 1 m3 (kg) 753.54
pH (1:10 water suspension) 7.35
EC (dS/m, 1:10 water extract) 1.87
Moisture % 8.74
Organic matter % 67.93
Organic carbon % 39.49
C/N ratio 16.80
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Table 2: Continue
Macro and micronutrients

Nutrient Total content % Available content (mg/kg) 
N 2.35 1236.8
P 0.75 320.95
K 3.10 1085.73
Fe 0.5864 184.65
Mn 0.1045 95.45
Zn 0.0957 72.25
Cu 0.0895 38.76

Plant heads and root samples were collected at the end of production season or immediately after cutting.
Samples of plants were oven dried at 70 °C, and then milled using agate mortar until, and then passed through
a screen with a diameter of 0.5 mm. N, P, K, Ca, Mg, Na and Cl contents were determined in the collected
leaves and petiole samples using the standard methods undertaken by Jackson (1973).

Populations of soil fungi were estimated on lettuce root-zone in each treatment as colony forming units
per gram (CFU/g) of dry soil. Five samples were taken from the surface 15 cm depth of soil in each treatment
and mixed to make a homogenous mixture of a surface soil sample. Aliquots (10 g) of the soil were suspended
in 90 mL of sterile distilled water in 250 mL flasks, and shaken for 30 min at 150 rpm. 10 to 100 fold
dilutions were made, and 1 mL aliquots from undiluted and diluted suspensions were spread onto Petri dishes
containing potato dextrose agar amended with streptomycin at 0.5 g/liter (PDA). Three replicate dishes were
used for each treatment, where Petri dishes were maintained at 20 to 25 oC for 5 to 7 days and the fungal
colonies were counted. Dry weight of soil samples was determined using 5 g sub-samples (Lancey et al.,
1980).

In addition, qualitative studies of fungal soil population were carried out, however, fungi on PDA were
identified to genus, before and after each treatment, with the aid of microscope at x100-400 and using
appropriate taxonomic keys (Domsch et al., 1980). In each plate, the number of colonies of each different
genus was counted and the frequency of each genus for each treatment was calculated as a percentage using
the formula frequency = (number of colonies of a given genus x 100)/total number of colonies. For each
treatment, the similarity coefficient between soil samples before and after application of treatments was
calculated (Gochenaur, 1978 and Christensen, 1981). For each pair of samples being compared only frequencies
of fungal genera present in both samples were used in the calculation of the similarity coefficient. The
similarity coefficient was calculated as (3i Wi)/100, where Wi=the lowest frequency of the ith genus in the two
samples and n=the total number of genera common to both samples. Similarity coefficients of 1.0 and 0.0
indicate that samples had identical compositions and the two samples had no species in common, respectively
(DeCal et al., 2004).

The obtained data were subjected to analysis of variance (ANOVA) using the general linear model (GLM)
procedure of SAS software package (SAS Institute, 1996). Means were compared by least significant difference
test (LSD) at P=0.05.

Results and Discussion

I. General view on the characteristics of the experimental soil: 
a. The main soil characteristics and climate:

Data illustrated in Table 1 show that the experimental soil is characterized by a loamy sand in texture,
non-saline and non-sodic, well drained and non-calcareous in nature. The studied soil is mainly encompassing
the siliceous desert formation as a parent material, developed on some aeolian sediments of the northern
portion of the Western Desert of Egypt. The obtained results indicated also that the main mechanical
constituent of the studied experimental soil is the sand fraction, which is not partially capable to retain neither
plant essential nutrients nor soil moisture for growing plants and organisms. Moreover, such siliceous soil
sediments are poor not only in the nutrient-bearing minerals, but also in organic matter that represent a
storehouse of the essential nutrients in soil. Thus, under these severe conditions (i.e., inadequate water-nutrients
retention), the productivity of different grown crops tends to decrease markedly. The climatic conditions are
characterized by a long hot rainless summer and short mild winter, with scare amounts of rainfall.
 
b. Soil taxonomy and evaluation:

Taxonomic unit of the current experimental soil is identified and named at the family level according to
Soil Survey Staff (USDA, 1975 and 2010) as Typic Torripsamments, siliceous, thermic. Also, according to
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parametric system undertaken by Sys and Verheye (1978), the intensity degrees of soil limitations and rating
index (Ci) to define the suitability class for irrigated agriculture land at the studied experimental area were
calculated and shown in Table 3. It is cleared from the obtained that soil texture is the most effective soil
limitation for soil productivity, with an intensity degree of severe (rating <60). Also, the suitability class for
agricultural irrigated soils could be identified as a marginally suitable (S3s1) in both the current  and potential
conditions.

Table 3: Soil limitations and rating indices for the evaluation of the studied soil in both current and potential conditions. 
S

------------------------------------------------------
Suitability Topography (t) Wetness Soil Soil CaCO3 Gypsum Soil salinity/ Rating Suitabiliy Suitabiliy
condition (w)* texture (s1) depth (s2) (s3) (s4) Alkalinity (n) (Ci) class subclass
Current 100 100 55 100 95 90 100 47.03 S3 S3s1

 Potential 100 100 55 100 95 90 100 47.03 S3 S3s1

c. Soil suitability for lettuce plants:
Firstly, land suitability for agricultural irrigated soils is the appraisal of specific areas of land from a

general point of view without mentioning the specific kind of use. So, some soils may be suitable for a
specific crop and unsuitable for another. The ideal approach for land evaluation is based on evaluating the land
for utilization types which used as guides for the most beneficial use for a specific productivity by replacing
a less adapted land utilization type by another promising one, and was applied in this study according to Sys
(1991) and Sys et al. (1993). The evaluation indices of land characteristics are done by rating them and
specifying their limitations for certain crops by matching the calculated rating with the crop requirements in
different suitability levels as proposed by Sys et al. (1993).

In the studied area, without major land improvements, the crop requirements were matched with the
present land qualities for processing the current land suitability of the different land units. This approach
enables management of different alternatives for specific utilizations that are adapted to the existing limitations
to give maximum output. The suitability class of the experimental soil, either for the current or potential
condition, for the cultivation of lettuce plants are shown in Table 4.

Table 4: Soil suitability for cultivation of lettuce plants.
S

--------------------------------------------------------------------------
Topography (t) Wetness (w)* Soil texture (s1) Soil depth (s2) CaCO3 Gypsum Soil salinity/ Rating Suitabiliy

(s3) (s4) Alkalinity (n) (Ci) class
100 100 80 100 100 100 100 80.00 S1

As for this purpose, the land utilization is applicable for the main characteristics of the studied area, which
are considered regarding land qualities of drainage, salinity and sodicity. Moreover, the resultant adaptations
of soil suitability class for cultivating lettuce plants could be considered as "Highly suitable (S1) adaptation
with a rating index of 80%".

II. Effect of fertigation with K-fertilizer sources on nutritive and non-nutritive uptake by lettuce plant tissues:
a. Heads of lettuce plants 

Data of the effects of applied fertigation system with K-fertilizer sources of KCl, KNO3 and K2SO4 each
alone or in different  combined ratios on N, P, K, Ca, Mg, N-NO3 and Cl (non-nutritive element) contents in
the head of lettuce plants are presented in Table 5. The results indicated that distinguishes of the nutritive (N,
P, K, Ca, Mg and N-NO3) and non-nutritive (Cl) contents were insignificantly affected by the applied K-
fertilizer sources. However, the contents of the studied nutritive elements showed gradual increases were
associated with either individually or combined treatments, with different rates according to the nature of K-
fertilizer sources. That was true, since the gradual increases for the solely treatments were beginning from KCl
towards KNO3, and then K2SO4. In contrast, the non-nutritive Cl element in the head of lettuce plants exhibited
an opposite trend, where its contents tended to gradual decrease from KCl towards KNO3, and then K2SO4.
Regarding the effects of the tested combined treatments on nutrient contents in the lettuce plant tissues, data
revealed that the highest significant values were detected in the shoots of lettuce plants, which were received
the combined treatments of 0:100:0 for N, 75:25:0 for P, 0:50:50 for Ca, 75:25:0 for Mg and 0:100:0 for N-
NO3. Meanwhile, the lowest significant values were obtained for both 50:0:50 & 75:0:25 for P, 0:50:50 for
K and 0:25:75 for Cl as a non-nutritive element.
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b. Roots of lettuce plants:

Data in Table 6 show effect of applied fertigation with K-sources of KCl, KNO3 and K2SO4 as individually
or in different  combined ratios on N, P, K, Ca, Mg, N-NO3, and Cl (non-nutritive element) contents in the
roots of lettuce plants . Concerning the solely influence for each of KCl (100:0:0), KNO3 (0:100:0), K2SO4

(0:0:100) as a source of K, data indicated that the nutritive elements of N, P, Ca, Mg and N-NO3 contents,
in general, exhibited significantly affected by the tested K-sources, where their contents tended to increase from
solely treatment of KCl towards N-NO3, and then tended to decrease again at the treatment of K2SO4. In
contrast, Cl content as a non-nutritive element in the roots of lettuce plants significantly decreased from 1.62
for KCl to either 0.51 for KNO3 or 0.38 % for K2SO4.

Table 5: Effect of applied fertigation with K-fertilizer sources and ratios (KCl:KNO3:K2SO4) on some other nutrient contents in the heads
of lettuce plants.

Treatments Lettuce head nutrient contents %
-----------------------------------------------------------------------------------------------------------------------------------------------------------
N P K Ca Mg N-NO3 Cl*

100:0:0 1.87 0.52 6.70 0.67 0.244 1.69 1.60
75:25:0 2.84 0.70 5.83 0.91 0.596 2.66 0.98
50:50:0 3.62 0.52 5.83 1.04 0.359 3.43 0.72
25:75:0 4.25 0.47 5.54 0.82 0.476 4.00 0.63
0:100:0 4.64 0.56 5.25 0.72 0.368 3.35 0.56
0:75:25 3.05 0.62 7.00 1.37 0.416 2.80 0.38
0:50:50 2.70 0.66 4.37 1.44 0.444 2.45 0.49
0:25:75 2.44 0.62 5.25 1.31 0.497 2.22 0.34
0:0:100 4.95 0.60 7.00 0.84 0.476 3.77 0.45
25:0:75 3.00 0.55 6.41 0.92 0.428 2.81 0.40
50:0:50 2.82 0.39 5.83 1.10 0.329 1.82 0.35
75:0:25 3.35 0.39 7.29 0.74 0.257 2.16 0.53
LSD 0.05 1.28 0.10 0.87 0.27 0.102 1.25 0.545
*Non-nutritive element

Table 6: Effect of applied fertigation with K-fertilizer sources and ratios (KCl:KNO3:K2SO4) on some other nutrient contents in the roots
of lettuce plants.

Treatments Lettuce root nutrient contents %
-----------------------------------------------------------------------------------------------------------------------------------------------------------
N P K Ca Mg N-NO3 Cl*

100:0:0 2.03 0.52 6.58 0.75 0.437 1.85 1.62
75:25:0 3.07 0.81 5.92 0.95 0.963 2.87 1.36
50:50:0 3.71 0.95 5.83 1.13 0.538 3.50 0.97
25:75:0 4.64 0.75 6.70 1.09 0.681 4.38 0.34
0:100:0 5.02 0.98 7.52 1.57 0.841 4.73 0.51
0:75:25 3.13 0.91 7.18 0.97 0.754 2.86 0.42
0:50:50 3.05 0.94 4.96 1.01 0.674 2.79 0.38
0:25:75 2.55 0.86 5.83 1.35 0.566 2.32 0.30
0:0:100 3.10 0.85 5.87 1.19 0.619 1.57 0.38
25:0:75 2.75 0.77 7.14 1.21 0.750 1.94 0.32
50:0:50 2.16 0.88 6.12 1.39 0.624 2.45 0.27
75:0:25 1.89 0.79 7.43 0.95 0.487 1.68 0.50
LSD 0.05 1.32 0.42 0.91 0.198 0.29 1.29 0.56
*Non-nutritive element

Regarding the effects of the tested combined treatments, data in Table 6 showed that the highest significant
values for some nutrient contents in the roots of lettuce plants were obtained from the combined treatments
of 0:100:0 for N, 0:100:0 for Ca, 75:25:0 for Mg and 0:100:0 for N-NO3. Meanwhile, the lowest significant
values were obtained from the combined treatments of 25:75:0 for P, 0:50:50 for K and 0:75:25 for Cl.

III. Effect of fertigation with K-fertilizer sources on the total and the exportable fresh yields of lettuce plants:

Data in Table 7 showed the effect of the tested treatments of potassium fertilizer sources as solely or
combined treatments on the total and the exportable fresh yields of lettuce plants, where no significant
differences were observed. However, the highest total and exportable fresh yields were obtained by using either
the combined treatment of 50:50:0 or 0:25:75. If the costs of the used K-fertilizer through the easily applied
fertigation system are taken into consideration, the combined treatment of 50:50:0 could be represented the
optimum one for lettuce plants grown on such well permeable loamy sand soil. However, the applied
fertigation with such treatment (50:50:0) produced 14.0 and 11.0 plants/m2 of total and exportable fresh yields
of lettuce plants, respectively. Also, fresh yield of lettuce plants were recorded for each treatment as the total
and the exportable yields (>400 g/plant) in plants per m2.
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Table 7: Effect of applied fertigation with K-fertilizer sources and ratios (KCl:KNO3:K2SO4) on the yield of lettuce plants.
Treatments Total fresh yield Relative increase % Exportable fresh Relative increase % Exportable/ 

(plants/m2) yield (plants/m2) Total yield
100:0:0 12.0 100 9.4 100 78.33
75:25:0 10.0 83 8.0 85 80.00
50:50:0 14.0 117 11.0 117 78.57
25:75:0 10.0 83 8.0 85 80.00
0:100:0 10.0 83 8.0 85 80.00
0:75:25 10.0 83 8.0 85 80.00
0:50:50 14.0 117 10.8 115 77.14
0:25:75 14.0 117 11.0 117 78.57
0:0:100 12.0 100 8.0 85 66.67
25:0:75 12.0 100 10.0 106 83.33
50:0:50 10.0 83 8.0 85 80.00
75:0:25 12.0 100 10.0 106 83.33
LSD 0.05 1.67 -- 1.31 -- --

IV. Effect of fertigation with K-fertilizer sources on available contents of nutritive and non-nutritive in the
experimental soil: 

Data in Table 8 show the effect of applied fertigation with K-fertilizer sources of KCl, KNO3 and K2SO4

as solely or  combined treatments on some nutrient contents and ECe in the tested soil extracts during the
maximum vegetative growth . In general, available contents of all the studied nutritive and non-nutritive
elements showed pronounced increases as compared to the initial contents in the experimental soil. The
distinguishes of P, Mg (nutritive elements) and Cl (non-nutritive element) contents as mg kg-1 soil as well as
EC in dS m-1 exhibited slightly increases, with insignificant differences,. Meanwhile, K, Ca (nutritive elements)
and Cl (non-nutritive element) contents were achieved pronounced increases, with significant differences, as
compared to the initial contents in the experimental soil. Concerning the influence of KCl (100:0:0), KNO3

(0:100:0), and K2SO4 (0:0:100) applied as solely on soil available nutrient contents, data in Table 8 indicate
that P, K, Cl contents as mg kg-1 soil and ECe values (dS m-1) in case of solely treatments, as a general trend
tended to decrease from 5.95 for KCl to 5.46 for KNO3 to 4.85 for K2SO4, from 93.80 for KCl to 86.25 for
KNO3 to 79.42 for K2SO4, from 293.50 for KCl to 236.15 for KNO3 to 211.45 for K2SO4 and from 0.94 for
KCl to 0.87 for KNO3 to 0.85 for K2SO4, respectively. On the other hand, data showed that Ca and Mg
contents as mg kg-1 soil in the tested soil treatments (solely ones) increased from 485.04 for KCl to 499.85
for KNO3 to 512.50 for K2SO4 and from 264.20 for KCl to 280.90 for KNO3 to 297.35 for K2SO4, respectively.

Table 8: Effect of applied fertigation with K-fertilizer sources and ratios (KCl:KNO3:K2SO4) on ECe and some nutritive or non-nutritive
elements of the soil surface (0-40 cm).

Treatments ECe (dS m-1) Nutritive and non-nutritive elements (mg kg-1 soil)
---------------------------------------------------------------------------------------------------------------------------------
P K Ca Mg Cl*

100:0:0 0.94 5.95 93.80 485.04 264.20 293.50
75:25:0 0.88 5.11 103.74 538.40 284.75 271.45
50:50:0 0.90 5.43 96.90 438.97 293.80 257.63
25:75:0 0.78 6.25 83.35 475.45 271.05 225.32
0:100:0 0.87 5.46 86.25 499.85 280.90 236.15
0:75:25 0.91 4.83 92.10 456.12 290.00 225.90
0:50:50 0.75 4.50 84.36 479.80 295.67 213.85
0:25:75 0.76 4.65 81.15 490.35 286.42 222.17
0:0:100 0.85 4.85 79.42 512.50 297.35 211.45
25:0:75 0.77 4.97 90.74 456.00 305.87 250.55
50:0:50 0.92 5.67 109.45 395.20 298.56 218.70
75:0:25 0.83 4.75 86.70 425.60 312.40 209.64
LSD 0.05 0.22 1.85 8.35 63.95 65.74 39.9
*Non-nutritive element

Regarding the effects of tested combined treatments on the soil contents of either nutritive or non-nutritive
elements, data reveal that the highest values were obtained for the combined treatments (KCl:KNO3:K2SO4)
of 25:75:0 for P, 50:0:50 for K, 75:25:0 for Ca, 75:0:25 for Mg and 100:0:0 for Cl. It could be also revealed
that the previously mentioned highest value of Cl was associated with the highest value of ECe in the tested
soil extract of the treatment of 100:0:0. Meanwhile, the lowest values were obtained for the combined
treatments of 0:50:50 for P, 0:0:100 for K, 50:0:50 for Ca, 100:0:0 for Mg and 75:0:25 for Cl.

V. Effect of fertigation with K-fertilizer sources on common soil genera of fungi: 

Data in Table 9 showed that, the most common genera of fungi isolated from experimental field before
and after K-combination treatments. 
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Table 9: Frequency % Penicillium spp. (P), Alternaria spp. (A), Fusarium spp. (F), Cladosporium spp. (C) and Trichoderma spp. (T)
isolated from soils cultivated with lettuce before and after applied treatments with K-fertilizer source ratios(*).

Treatments Before treatments After treatments
------------------------------------------------------------------ ---------------------------------------------------------------------------------
P A F C T P A F C T

100:0:0 39 12 41 7 1 37 3 10 6 43
75:25:0 39 9 41 3 8 48 9 6 14 24
50:50:0 36 14 40 5 5 34 6 9 11 38
25:75:0 43 11 31 10 5 42 9 5 11 33
0:100:0 31 13 43 5 8 48 9 14 3 24
0:75:25 38 26 23 1 12 39* 16 15 11 19
0:50:50 31 19 35 6 9 50 26 12 0 12
0:25:75 32 25 35 3 5 31 30 15 11 13
0:0:100 53 23 7 4 13 28 13 11 20 24
25:0:75 21 37 19 5 16 34 15 5 6 38
50:0:50 32 29 25 5 9 37 13 6 0 43
75:0:25 55 24 15 1 5 21 16 7 0 55
LSD 0.05 9.54 8.57 11.71 2.50 4.18 8.51 6.18 3.82 5.00 12.28
* Means of the three replicates

The obtained data show that the most common genera of fungi isolated from experimental field before K-
combination treatments were Penicillium spp and Fusarium spp followed by Alternaria spp, Cladosporium spp
and Trichoderma spp. After using K-fertilizer combination treatments, similarity coefficients were > 0.6
(frequencies of fungal genera were varied before and after treatments), an increase in frequency of Trichoderma
spp and a reduction in frequency of both Fusarium spp and Alternaria spp, as shown in Table 9.

Data in Table 10 cleared obvious that, with the exception of the combined treatments of KCl:KNO3 and
KCl:K2SO4 reduced incidence of disease in lettuce heads harvested, infections were caused mostly by
Sclerotinia sclorotium and Rhizoctonia solani, as shown in Fig 1.

Table 10: Percentage of lettuce plants infected with Sclerotinia sclortium (Sc), Rhizoctonia solani (Rh) or other unidentified pathogens
(O) after K-fertilizer source ratios in the soil cultivated with lettuce plants.

Treatments KCl:KNO3:K2SO4 Infected lettuce heads % (*)

------------------------------------------------------------------------------------------------------------------------
Sc Rh O

100:0:0 0.91 0.90 0.00
75:25:0 0.00 0.30 0.00
50:50:0 0.00 0.50 0.16
25:75:0 0.00 2.00 0.83
0:100:0 6.48 7.00 1.94
0:75:25 2.51 2.00 0.16
0:50:50 2.00 2.00 0.17
0:25:75 3.83 1.90 0.19
0:0:100 1.94 0.90 2.70
25:0:75 0.89 3.00 1.16
50:0:50 1.49 2.00 0.20
75:0:25 0.00 0.16 0.30
LSD at P> 0.05 1.86 1.83 0.89
(*) Means of three plates replicate, examined visually, plants with any external symptoms were recorded and taken to the laboratory, where
the causal agents were determined.

Discussion:

In general, the contents of the tested nutritive and non-nutritive elements in the heads and roots of lettuce
plants were in the range of those reported by Hochmuth et al. (1993) and Rubatzky (2005) for growth and
development of lettuce plants. The stimulating effect of K on increasing plant content of the nutritive elements
is confirmed by Ibrahim et al. (2004). That is true, since K-nutrient has pronounced effects on carbohydrate
partitioning by affecting either phloem export of photosynthesis (sucrose) as well as synthesis of large
molecular weight substances within storage organs, or growth rate of sink and/or source organs, so K
deficiency reduces the amount of photosynthesis available for reproductive sink, which affects growth and yield
components. 

Undoubtedly, the severity conditions of relatively soil coarse textured grade could be amended by the
application of fertigation system that played a positive dual role for increasing both soil retained for nutrients
and moisture in available forms among root zone. Such favourable conditions enhanced the mobility and uptake
of both nutrients and moisture by plant roots, and in turn developing the exportable fresh yield of lettuce per
m2.
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Fig. 1: External diseases symptoms of lettuce heads.

The significantly positive relationships that found between the KCl fertilizer application and the contents
of Cl either in lettuce organs (i.e., heads or roots) or the experimental soil as available fraction were expected
as previously found by Mohr et al. (1995).

The observed reduction in N content in either lettuce heads or roots by increasing KCl application
comparing with those for KNO3 and K2SO4 application may be due the antagonism between NO3 and Cl
uptake. Chloride ion can replace NO3 ions in chemical function and may have a positive effect on the N
content in plant organs by preventing excessive NO3 content, which can be detrimental to human health (Byrne
et al. 2000).

Diseases caused by soil borne plant pathogens such as Sclerotinia sclortium (Sc), Rhizoctonia solani (Rh)
led to serious losses of lettuce head. A significant decrease in the percentages of heads infected by Sclerotinia
sclortium and Rhizoctonia solani were observed in the tested trials which were fertigated with KCl.

Elmer (1992) suggested that the chloride salts have some positive effects on soil borne plant pathogens.
This may allow the plant to absorb large concentrations of Cl in the absence of a metabolically active cation
like NH4.

Tinline et al. (1993) found that both NaCl and KCl reduced common root rot in barley. Other groups
similarly found that NaCl or KCl did not differ in their effects and reported that 50 kg KCl/ha reduced
common root rot of barley in 2 of 6 experiments. The effective role of chloride salts on Rhizoctonia root
caused by Rhizoctonia solani, and showed that NaCl, KCl, CaCl2 and MgCl2 all equally suppressed disease
and promoted growth (Elmer, 1997).

In some soils, chloride salts inhibits conversion of NH4 to NO3, presumably due to its inhibitory effect on
species of nitrosomonas bacteria. This probably explains the obtained findings in Tables (9 and 10) which
cleared that most KCl combination ratio treatments reduced significantly the soil fungal population, also
frequencies of fungal genera isolated before application with the same treatments were different from those
isolated after treatments. In addition, soil treated with chloride salts show an immediate release of soluble
manganese ions. Manganese has been implicated in disease suppression probably through its effect on
increasing host resistance. The observed effects of KCl fertilizers on yield of lettuce is in agreement with that
observed by Locascio et al. (1997); Zipelevish et al. (2000) and Voogt (2002), where no injury symptoms
related to Cl toxicity were observed on plant during growth season.

Similar reports of KCl suppressing disease while reducing osmotic potentials have been made on pearl
millet affected by downy mildew, wheat affected by take-all disease, and asparagus affected by Fusarium
(Maas, 1986). The obtained results show that KCl-combination treatments qualitatively changed the soil fungal
population, where Trichoderma sp increased in soil after treatments because Trichoderma sp are well known
antagonistic fungi, their presence in soil could contribute to a beneficial effect in health of plants. This result
supported by the findings of Elmer (2003) who found that changes in osmotic potential affect the water cycling
of plants and the exudation of carbon substrates. These substrates serve as a food base for microbes that live
on and around the root. The possible role that beneficial Pseudomonas species might play in disease
suppression on chloride treated wheat plants was recognized studies KCl on celery confirmed that root exudates
were being altered. When asparagus plants were treated with KCl, an increase in the beneficial Pseudomonas
species was noted. Thus, treating plant with chloride salts causes a root mediated effect on the microbial
community.

The observed variations concerned the effective roles of the applied different K-fertilizer sources separately
or in combination on the total or the exportable fresh yields may be attributed to the accompanied anions and
their influences on other nutrients (i.e., N, P, K, Ca, Mg, Fe, Zn and Mn) availability or antagonisms in the
experimental soil. These results are in agreement with those obtained by Callan and Westcott (1996) and
Ibrahim et al. (2004). It could be also concluded that the difference in the associated anions with the source
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of K-fertilizers may affect the nutrient contents in the final crop yield, which affect the economical yield of
lettuce plants in well drained loamy sand soil either from quantity or quality point of view. In addition,
lowering the cost of crop fertilization and making the fertilization process more easily by using K- fertilizer
through fertigation system.

From the above mentioned results, it could be concluded that lettuce plants showed a positive response
to the fertigation system, particularly at the combined treatments of the potassium fertilizer ratios
KCl:KNO3:K2SO4 (50:50:0) and (0:25:75). Also, these beneficial effects were positively reflected on improving
nutrient contents in either soil or plant tissues, and in turn the total and exportable fresh yield. Moreover, from
both the biological and economical point of view, it could be concluded that fertigation with low cost and high
water soluble K-fertilizer source at a requirement dose of the combined ratio of 50:50:0, which is
recommended for lettuce plants in well drained loamy sandy soil.
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