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ABSTRACT

Two field trials were conducted at Baramoon Experimental Farm, Dakahlia
Governorate, Egypt, during the winter seasons of 2004/2005 and 2005/2006 to study
the effect of foliar spray of salicylic acid (SA) at rates of 0, 50 and 100 ppm and
mixtures of some micronutrients (Fe + Mn + Zn) ie., 120 ppm Fe + 60 ppm Mn + 60
ppm Zn, 240 ppm Fe + 120 ppm Mn + 120 ppm Zn and untreated plants as well as
their interaction on leafy yield, quality and chemical composition of lettuce cv. Balady.
Lettuce plants were sprayed two times at 30 and 45 days after transplanting. The sub
plots were devoted to the mixtures of some micronutrients. The obtained results
indicated that, spraying SA increased all studied traits, except NO3 accumulation that
was significantly decreased. The best results were obtained at 100 ppm SA treatment
in both seasons. For micrenutrients treatments, foliar application of 240 ppm Fe + 120
ppm Mn + 120 ppm Zn was the most favorable treatment for yield, quality and
chemical composition of lettuce. The interaction between the experimental factors had
significant effects on all studied traits in both seasons. Foliar treatmert of 100 ppm SA
with 240 ppm Fe + 120 ppm Mn + 120 ppm Zn was optimal to lettuce leafy yield and
quality, especially, reducing nitrate accumulation in leaves, consequently, minimizing
the harmful effects on human health.

INTRODUCTION

Lettuce (Lactuca sativa L.) is an important green leafy vegetable crop
for fresh consumption in Egypt. It offers a cheap but rich source of a number
of micronutrients and vitamins (Tarwadi and Agte, 2003). However, it is one
of the highest free NO3~ accumulators (El-Awamry, 2002). Nitrate content is
an important quality characteristic of leafy vegetables. Nitrate itself is
relatively non-toxic but its metaboiites may pi~duce a number of health
effects (Santamaria, 2006). There are numerous factors affecting the
productivity and quality of lettuce plants. Growers may apply huge amounts of
mineral nitrogen fertilizers aiming to increase only the quantity of yield without
any care by its risk (nitrate accumulation in plant tissues). Even with the
application of the recommended dose of nitrogen fertilizer, the nigh potential
of lettuce yield could not be realized and the high Nos accumulation could be
occurred due to the inadequacy of micronutrients (Hanafy Ahmed et al.,
1997; El-Agrodi et al., 2001). Accordingly, to improve lettuce yield and quality
and avoid environmental pollution it is necessary to optimize plant nutrition.
Finding environmentally safe methods for achieving these aimes became an
important task that might be affected through specific treatments. Such
treatments include the foliar application of organic acids such as salicylic acid
(SA) (Hanafy Ahmed et al., 2002) and some micronutrients (Kheir et al.,
1991).

Salicylic acid is an endogenous plant substance that can also be
applied externally. It is a common plant-prcduced phenolic compound.
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Compounds in this group can function as plant growth regulators. It has an
effect on physiological process in plant at low concentration (Raskin, 1992;
Arteca, 1998). In this respect, Hanafy Ahmed ef at. (2002) found that foliar
application of SA was effective in increase rocket yield and N, P, K, Fe, Mn,
and Zn concentrations in leaves. In addition, SA spray showed its distinct role
in increasing nitrate reductase activity and chlorophyll content of tomato
plants (Kalarani et al., 2002).

Although micronutrients are needed relatively in very small quantities,
their deficiency or excess induce great disorders in the physiological
processes of plants (Marschner, 1995; Srivastava and Gupta, 1996). In
recent years, micronutrients deficiency problems have been increasing in
vegetable crops in Egypt. Some reasons are high pH in soil that reduce the
availability of micronutrients especially iron, manganese and zinc, decreased
use of farmyard manure on agricultural soil, higher crop yields which increase
plant nutrient demands, and use of high analyses NPK fertilizers containing
lower quantities of micronutrients contaminants (El-Fouly, 1983). Therefore,
the practices of supplying micronutrients to plants through their leaves have
been recommended to overcome such problem.

El-Shewy (1981) found that treating lettuce plants with Fe as foliar
application enhanced plant growth, increased total yield and more
accumulation of N, P, K, and Fe in plant leaves. Kheir et al. (1991) on
spinach, lettuce, rocket and jew’s mallow, found that foliar application of
micronutrients solution (1% Fe, 0.5% Mn, 0.25% Zn and 0.1% Cu) reduced
the nitrate concentration. In addition, it had a pronounced effect on the
contents of N, P, K, Fe, Mn, and Zn and fesh yield. Mahmoud (1993) stated
that spraying lettuce plants with Fe at 100 ppm increased significantly leaves
contents of N, P, and K compared with control untreated plants. Hanafy
Ahmed et al. (1997) reported that foliar application of micronutrients had a
negative relationship with nitrate accumulation in jew's mallow and radish
plants. El-Agrodi et al. (2001) found that foliar application of (300 ppm Fe +
100 ppm Mo) increased the fresh weight per lettuce plant, total fresh yield,
and N, Fe and Mo contents in the leaves, moreover, it decreased the values
of nitrate content. In addition, Sarma et al. (2005) fcund that foliar application
of micronutrients increased cabbage yield, quantity of protein and chlorophyll
content.

Thus, the present work aimed to study the effects of foliar application of
salicylic acid and different doses of some micronutrients (Fe, Mn and Zn) on
leafy yield, quality and chemical composition of lettuce.

MATERIALS AND METHODS

Tow field experiments were carried out at Baramoon Experimental
Farm, Dakahlia Governorate, Egypt, during the winter seasons of 2004/2005
and 2005/2006, to achieve the study objectives. The experimental soil was
clay loam in texture with pH 7.8 and EC 0.8 dSm™". The available content of
Fe, Mn, and Zn were 27, 12, and 1.1 ppm, respectively. The characteristics of
the soil were determined using the procedures recommended by Page (1982)
and Klute (1986). Lettuce seedling cv. Balady was transplanted when they were
five weeks old on 24 and 26 October in both seasons, respectively.
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A split plot in randomized complete blocks design with three
replications was used. The main plots were assigned to three levels of
salicylic acid (SA) (0, 50 and 100 ppm). The sub plots were devoted to the
mixture of some micronutrients treatments, i.e., (120 ppm Fe + 60 ppm Mn +
60 ppm Zn), (240 ppm Fe + 120 ppm Mn + 120 ppm Zn), and control
(untreated plants). Each sub plot included 5 ridges and 5 m long, occupying
an area of 15 m-, transplants were set on the two sides of the ridges with a
space of 20 cm between each transplant. Each treatment was separated by
two guard ridges.

The foliar application of SA and micronutrients were applied at 30 and
45 days after transplanting. The plants were sprayed until dropping by using
a hand-sprayer. Bio-film as a wetting agent was applied at 0.5 ml/liter of
solution. Micronutrients (Fe, Mn, and Zn) in the form of FeSO..7H,0 (20%
Fe), MnS0O,4.H;0 (32.5% Mn), and ZnSO,.7H,O (22% Zn) were used.

Plants were fertilized with ammonium sulfate (20.6% N) at a rate of
300kg/fed., calcium superphosphate (15.5% P,Os) at a rate of 250 kg/fed.,
and potassium sulfate (48% K;O) at a rate of 100 kg/fed.. These fertilizers
were applied at two equal doses; the first was added after 3 weeks and the
second after 5 weeks from seedling transplanting. Other agricultural practices
were carried out as recommended for the commercial production fields.

At the harvesting time (85 days after transplanting), cample of nine
plants were taken at random from the three central rows of each sub plot and
the following traits were measured:

1- Plant fresh weight.  2- Plant height. 3- Leaves weight/ plant.

4- Accumulation of N, P, K and NOs in leaves, which was estimated based on
leaves fresh weight and dry matter and element percentage in leaves. Total
nitrogen was determined with micro-kjeldahl method according to Chapman
and Pratt (1961). Phosphorus was colorimetrically determined followed by
Jackson (1973). Potassium was determined using a flame photometer as
described by Jackson (1973). NO5 was extracted using 2% acetic acid and
determined according to Singh (1988).

5. Contents of iron, manganese, and zinc in leaves, which were measured
using atomic absorption spectrophotometer

6- Protein percentage: It was calculated based on multiplying N percentage
by the conversion factor 6.25.

In addition, plants of plots were weighted in kg/plot to determine yield,
then it was converted to estimate yield in ton/fed.

The data were statistically analyzed as split plot design according to
Snedecor and Cochran (1982). Comparisons among means of treatments
were tested using LSD values at 5% level.

RESULTS AND DISCUSSION

1-Yield and its components:
1.1- Effect of salicylic acid (SA) levels:

Data in Table 1 reveal that, increasing SA levels caused significant
increases in plant fresh weight, plant height, leaves weight/plant, and
yield/fed. in both seasons. These results are in agreement with those
reported by Hanafy Ahmed et al. (2002).
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1.2- Effect of micronutrients (Fe, Mn, and Zn) mixtures:

Data in Table 1 show that the effect of micronutrients mixtures on plant
fresh weight, plant height, leaves weight/ plant, and total yield/fed. was
significant in both seasons. The highest values of these traits were obtained
from 240 ppm Fe + 120 ppm Mn + 120 ppm Zn treatment followed by 120
ppm Fe + 60 ppm Mn + 60 ppm Zn treatment then untreated plants.

Table 1: Means of lettuce yield and its components as affected by
salicylic acid (SA) levels, micronutrients (Fe, Mn, and Zn)
mixtures and their interaction during 2004/2005 and 2005/2006

seasons.
Treatments . Leaves ¢

: Plant fresh | Plant height g Total yield
SA nm';;ﬁ'ts weight (g) (cm) We'g?”"‘a“‘ (ton/fed.)
Levels | yyixtures [ 20047 | 2005/ | 2004/ | 20057 2004/720051 2004/ | 2005/
((Pom) | (M) | 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2008
o 615 | 615 | 330 | 352 | 540 | 561 | 41.74 | 42.60
150 677 | 663 | 357 | 36.7 | 590 | 605 | 46.10 | 46.07
100 724 | 707 | 37.7 | 386 | 618 | 630 | 4906|4888
LSD (5%) 22 | 30 | 08 | 09 | 15 | 17 | 207 | 212
M 565 | 571 | 33.4 | 34.3 | 475 | 491 | 37.20 | 38.01
M2 673 | 661 | 359 | 37.1 | 500 | 608 | 45.85 | 4572
Ms |778 | 778 | 381 | 39.1 | 684 | 696 |53.85]53.82
LSD (5%) 47 | 48 | 11 | 09 | 28 | 32 | 3.16 | 3.36
My 511 | 519 | 31.7 | 33.0 | 427 | 446 | 33.53 | 34.45
0 M 619 | 614 | 340 | 353 | 543 | 571 | 42.20 | 4255
M 715 | 735 | 36.0 | 37.3 | 651 | 685 | 49.48|50.79
M, 373 | 578 | 33.3 | 34.0 | 486 | 504 | 37.74 | 38.57
50 M. 681 | 668 | 357 | 36.9 | 600 | 613 | 46.43 | £5.23
M 778 | 767 | 381 | 39.3 | 685 | 697 |54.15|53.42
My 612 | 616 | 351 | 35.0 | 512 | 524 | 40.33 | 41.02
100 M2 718 | 700 | 37.9 | 39.2 | 627 | 640 | 4892|4837
M, 842 | 831 | 40.7 | 40.7 | 715 | 725 | 57.92|57.26
LSD (5%) 82 | 83 | 18 | 16 | 49 | 55 | 464 | 513

Mi: untreated plants. M;: 120 ppm Fe + 60 ppm Mn + 60 ppm Zn.

Ms: 240 ppm Fe + 120 ppm Mn + 120 ppm Zn.

The enhancing effect of micronutrients on yield and its components
may be attributed to the important role of these elements in many
biochemical and physiological processes as the synthesis of chlorophyll and
protein and mineral uptake as well as activity of enzyme systems (Marschner,
1995; Srivastava and Gupta, 1996). These results are in correspondence with
those obtained by El-Shewy (1981); Kheir ef al. (1991): El-Agrodi et al. (2001)
and Sarma et al. (2005).

1.3- Effect of the interaction between SA levels and micronutrients (Fe,

Mn, and Zn) mixtures:

The same data in Table 1 indicate that, the interaction had significant
effects on yield and its components in both seasons. The highest means of
these traits were obtained from the treatment of 100 ppm SA with 240 ppm
Fe + 120 ppm Mn + 120 ppm Zn, while the lowest values were obtained from
untreated plants in comparison with other treatments.
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These pronounced positive effects may be attributed to the direct
favorable effect of SA and micronutrients (Fe, Mn, and Zn) on mineral content
(N, P, K, Fe, Mn, and Zn) of lettuce leaves (Tables 2 and 3). Those which
known to be closely associated with the main internal physiological activities
and biosynthesis of chlorophyll, enzymes, amino acids, sugars, ATP, nucleic
acids and others (Marschner, 1995; Srivastava and Gupta, 1996). On the
other hand, the high values of yield components at these treatments interpret
the increase in their total yield/fed. compared with other treatments.

2- Accumulation of N, P, K, and NO; in leaves:
2.1- Effect of salicylic acid (SA) levels:

Data in Table 2 indicate that spraying SA increased N, P, and K
accumulation and decreased NO,; accumulation in leaves in both seasons.
The plants sprayed with SA at 100 ppm gave the highest values of N, P, and
K accumulation with the lowest values of NOs accumulation in leaves in
comparison with untreated plants, but there are insignificant differences
between 50 and 100 ppm SA in N, P, and K accumulation in leaves in both
seasons. These results are in line with those obtained by Hanafy Ahmed et
al. (2002) on tomato plants.

For NO3; accumulation, this result can be explained on t\ie base that SA
increase nitrate reductasa activity which may be inhibit NO; accumulation in
plant as it was reported by Kalarani et al. (2002).

2.2- Effect of micronutrients (Fe, Mn, and Zn) mixtures:

From Table 2, it could be seen that the effect of micronutrients mixtures
on N, P, K, and NO; accumulation in leaves was significant in both seasons.
The plants sprayed with 240 ppm Fe + 120 ppm Mn + 120 ppm Zn gave the
highest values of N, P, and K accumulation and the lowest values of NO;
accumulation in leaves in comparison with untreated plants.

These results are in agreement with those obtained by EIl-Shewy
(1981); Kheir et al. (1891); Mahmoud (1993) and El-Agrodi et al. (2001).

2.3- Effect of the interaction between SA levels and micronutrients (Fe,

Mn, and Zn) mixtures:

Data presented in Table 2 indicate that the interaction between SA
levels and micronutrients (Fe, Mn, and Zn) mixtures had significant effects on
N, P, K, and NO3; accumulation in leaves in both seasons. Also, it can be
noticed that, plants sprayed with 100 ppm SA with 240 ppm Fe + 120 ppm
Mn + 120 ppm Zn had the highest values for N, P, and K accumulation and
the lowest values for NO5; accumulation in leaves in comparison with other
treatments.

The increases in N, P, and K accumulation may be resulted from
increased leaves weight/plant parameter of the same treatment (Table 1). For
decreasing NOz accumulation, such result may be due to that, foliar
application of micronutrients had a negative relationship with nitrate
accumulation in lettuce leaves (Kheir et al., 1991 and Hanafy Ahmed et at.,
1997). At the same time, SA will allow an increase in the nitrate reductase
activity that decreases NO5; accumulation.
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Table 2: Means of N, P, K, and NO, accumulation in leaves as affected
by salicylic acid (SA) levels, micronutrients (Fe, Mn, and Zn)
mixtures and their interaction during 2004/2005 and 2005/2006

seasons.
Treatments N accumulation | P accumulation | K accumulation NO;

SA Micro- (mg/plant (mg/plant (mg/plant accumulation
Levels | Nutrients | leaves) leaves) leaves) (magl/kg dry wt)
(Ppm) Mixtures | 2004/ | 2005/ | 2004/ | 2005/ | 2004/ | 2005/ | 2004/ | 2005/

(M) 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2008
9 1240 | 1334 151 165 1370 | 1441 299 304
§0 1315 | 1423 172 184 1453 | 1525 255 254
100 1370 | 1447 182 192 1488 | 1554 236 232
LSD (5%) 72 86 11 u 112 85 9 9
M1 1105 1180 135 147 1187 [1248 309 314
M2 1347 1441 128 180 1464 |1544 257 254
M, 1474 | 1574 202 213 1660 1727 224 223
LSD /3%) 120 114 18 17 96 114 12 13
M, 938 1088 116 130 1068 | 1135 346 358
0 M2 1260 | 1354 147 162 1383 | 1449 288 293
M; 1463 | 1563 191 202 1658 | 1738 262 261
M, 1131 1211 139 150 1219 | 1275 299 306
50 M, 1343 1486 176 185 1481 1561 250 245
M, 1472 | 1572 202 216 1660 | 1738 215 212
M, 1185 1271 150 161 1275 1336 281 276
100 M, 1438 | 1483 182 193 1527 | 1621 231 224
M3 1487 | 1586 213 z21 1661 1705 194 196
LSD (5%) 208 | 197 30 29 167 | 198 20 22
M;: untreated plants. Mz: 120 ppm Fe + 60 ppm Mn + 60 ppm Zn.

Ma: 240 ppm Fe + 120 ppm Mn + 120 ppm Zn.

3- Contents of Fe, Mn, and Zn and protein percentage in leaves:
3.1- Effect of salicylic acid (SA) levels:

Data in Table 3 show that spraying SA caused significant increases in
Fe, Mn, and Zn content and protein percentage in both seasons. The
maximum values in this respect were obtained from 100 ppm SA treatments
in both seasons, but there are insignificant differences between 50 and 100
ppm SA in Fe, Mn, and Zn content in both seasons.

The positive effect of SA on Fe, Mn, and Zn content was summarized
by Hanafy Ahmed et al. (2002). In regard to the pronounced positive effect on
protein content due to SA may be attributed to the role of SA in increasing the
uptake of N and other elements by plants (Tables 2 and 3), consequently, the
biosynthesis of protein.

3.2- Effect of micronutrients (Fe, Mn, and Zn) mixtures:

It is evident from the same data in Table 3 that, Fe, Mn, and Zn content
and protein percentage in leaves of lettuce plants were significantly enhanced
by micronutrients treatments compared with untreated plants in both
seasons. The highest values of these traits were resulted from the treatment
of 240 ppm Fe + 120 ppm Mn + 120 ppm Zn.

These findings are supported by the results of EI-Shewy (1981); Kheir
et al. (1991); and El-Agrodi et al. (2001) and Sarma et al. (2005).
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Table 3: Means of Fe, Mn, and Zn content and protein percentage in
lettuce leaves as affected by salicylic acid (SA) levels,
micronutrients (Fe, Mn, and Zn) mixtures and their interaction
during 2004/2005 and 2005/2006 seasons.

Treatments Fe content Mn content Zn content Protein (%)
SA Migro- (mg/g dry wt) | (mg/g dry wt) (mg/g dry wi)

Levels :;‘.“t'e:‘:: 2004/ | 2005/ | 2004/ | 2005/ | 2004/ | 2008/ | 2004/ | 2005/
(ppm) ":,;l') 2005 | 2006 | 2005 | 2006 | 2005 | 2006 | 2005 | 2006
0 994 | 091 | 015 | 014 | 016 | 015 | 249 | 258
50 113 | 107 | 0148 | 017 | 049 | 018 | 257 | 265
100 120 | 115 | 020 | 019 | 021 | 020 | 265 | 27.4

LSD (5%) 011 | 0.0 | 0.017 | 0.016 | 0.018 | 0.018 | 0.4 0.3
M, 082 | 078 | 014 | 013 | 015 | 014 | 247 | 256

M. 1143 | 107 | 018 | 017 | 019 | 018 | 249 | 266

Ms 132 | 128 | 021 | 020 | 022 | 021 | 260 | 274

LSD (5%) 014 | 0.14 | 0.020 | 0,019 | 0.021 | 0021 | 06 05
M, 064 | 063 | 041 | 010 | 012 | 011 | 23.7 | 247

0 M, 0s9 | 094 | 015 | 014 | 016 | 015 | 249 | 258
M, 120 | 115 | 018 | 017 | 020 | 018 | 26.0 | 2638

M, 085 | 080 | 015 | 013 | 0.15 | 015 | 245 | 2586

50 M, 1149 | 110 | 018 | 017 | 019 | 018 | 260 | 266
M, 134 | 131 | 021 | 020 | 022 | 021 | 266 | 27.3

M, 006 | 080 | 017 | 016 | 047 | 047 | 257 | 266

100 M, 126 | 118 | 020 | 019 | 021 | 020 | 265 | 27.4
M, 143 | 137 | 023 | 022 | 024 | 023 | 274 | 281

LSD (5%) 019 | 018 | 0.024 | 0023 | 0.024 | 0.024 | 1.1 0.9

M;: untreated plants. M;: 120 ppm Fe + 60 ppm Mn + 60 ppm Zn.

M;: 240 ppm Fe + 120 ppm Mn + 120 ppm Zn.

3.3- Effect of the interaction between SA levels and micronutrients (Fe,

Mn, and Zn) mixtures:

The interaction between the two studied factors had significant effect
on Fe, Mn, and Zn content and protein percentage in leaves in both seasons.
It is clear from Table 3 that the combined treatment of 100 ppm SA with 240
ppm Fe + 120 ppm Mn + 120 ppm Zn produced the highest values for studied
traits, whereas the lowest values were obtained from untreated plants in
comparison with other treatments.

Such results could be explained on the basis of the fact that, foliar
application of micronutrients can be efficiently use as a good management
tool to overcome the soil constraints that can reduced micronutrients
availability to plants such as high soil-pH, therefore, efficient usage of
micronutrients was increased, particularly, at the higher SA level that helps to
increase micronutrients uptake (Hanafy Ahmed et al, 2002), consequently,
the biosynthesis of protein.

Conclusion

It could be concluded that, spraying lettuce plants at the age of 30 and
45 days after transplanting by 100 ppm salicylic acid with 240 ppm Fe + 120
ppm Mn + 120 ppm Zn was the most favorable treatment for leafy yield,
quality and chemical composition under the experimental conditions.
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