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ABSTRACT

The trails were conducted during two consecutive seasons (2017 - 2018 and 2018-2019) in
open field at Siwa Experimental Farm Station, at latitude 29° 12’ N, longitude 25° 29’E and 18 meters
below sea level, Marsa Matrouh Governorate, Egypt, to evaluate the effect of three plant density and
spraying of two calcium concentrates on growth, yield and quality of two lettuce types grown at winter
seasons. Dark green and Mason cultivars represented of both romaine and iceberg lettuce type were
transplanted at plant spacing of 25x20, 25x25 and 25x30 cm to give a plant population about 20, 16 and
13 plants per square meter and treated with 300 or 200 ppm of calcium chelate, as well as control
treatment. The results indicated that, in spite of decreasing number of marketable heads per plot, low
plant density improved average head weight, head diameter, leaf tip-burn, head compactness, as well as
enhancement of nutritional value vs, dry matter, Ascorbic acid, potassium and calcium content. Both
calcium treatments have a positive effect on lettuce yield and almost quality characters when compared
with control treatment, except, average head weight, head diameter, head compactness, leaf tip-burn and
dry matter content, dark green as romaine lettuce type produced highest number of marketable heads per
planting area, early yield, highest head of water, ascorbic acid, potassium and calcium content. Egyptian
market transplanting showed that romaine lettuce type with high density and calcium foliar spray is
recommended.
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INTRODUCTION

Lettuce (Lactuca sativa L.) is a leafy vegetable
crop, usually use as a raw or as a green salad and
considered the main leafy vegetable produced and
consumed in the world, especially in the form of salads
(Sala and Costa, 2012). lettuce contain a high calcium (68
mg), iron (1.4 mg), potassium (264 mg) and vitamin A
(1620 unit /200 g f.w.) also, it consider an excellent source
of water and often prescribed for overweight people
because of its low kilojoules content (Niederwieser, 2001;
Maboko, 2007). Lettuce is a native of Northern Africa,
Europe and Asia. Moreover, Lettuce has been cultivated
for over 5000 years because it is originated from wild
lettuce (Lactuca serriola L.) and it was found on Egyptian
tomb paintings during the middle kingdom about 4500
years ago. These paintings showed similar to the type of
presently cultivated in Egypt (Masarirambi et al., 2012).
Although, lettuce production and consumption sharply
increased in all over world (FAO, 2018), Egypt production
sharply decreased during the last two decades (4294 ha) as
compared with production twenty years before (6400 ha),
(FAO, 1998 and 2018). The reduction of planting area as
despite of iceberg (crisp head) type which is distributed in
most planting areas for local and transport markets. So, an
attention to give for lettuce production even romaine or
iceberg type in terms nutritional value, agricultural
practices and marketing.

Calcium is the most plant nutrient related to fruit
quality, especially fruit fimenance (Sam, 1999) that’s refers
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to its role as a major component of pectin and in
strengthening cell wall and membrane structure
(Maas,1998; Sam, 1999; Hepler, 2005; Hepler and
Winship, 2010). Calcium deficiency in plants affects the
growth of young leaves and triggers symptoms which are
associated with cell disruption (Almeida, 2016).Calcium
uptake and mobility in plant through phloem are relatively
low (Matchima, 2013), also, its transport release on
transpiration (Marschner, 1995), leaves content from
calcium is higher than fruits (Conway et al., 1994).
Moreover, the absence of Ca in plant nutrition occurs in
young leaves as a result of low transpiration rates on these
sites, which are disrupts the cells of young tissue (White
and Broadley, 2003). Low soil moisture, cool, cloudy and
humid weather have evident effect on calcium uptake,
mobility and distribution in plant (Conway et al., 1994 and
Maas, 1998). So, the foliar application of calcium is
recommended because it provides the nutrient directly to
the organ of interest during critical growth stages
(Almeida, 2016). On lettuce, pre harvest times of crop
calcium application as foliar spray with calcium chloride
and calcium nitrate are common to improve fruit quality
and increase calcium content (Matchima, 2013). Calcium
content increased with increasing calcium levels from 60 to
180 mg per liter (Yuan, 2018). However, calcium chloride
and calcium nitrate may cause phytotoxicity, calcium
chelates have been applied as an alternative source
(Bramlege et al., 1985). Also, Yuan, (2018) found that, the
concentration of calcium in the loose-leaf phenotype was
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2.17, 2.47, and 3.80 percent higher than that in the butter
head and romaine phenotypes at 60, 120, and 180 mg per
liter respectively. Furthermore, the significant differences
in calcium concentration between cultivars ranged from
1.27 to 3.05 percent.

Plant spacing significantly affected lettuce
production by changing its architecture, weight and quality
(Silva et al., 2000). Small space of lettuce cultivation may
increase the net income (Gode and Bobde, 1993; Dubey
and Kulvi, 1995). While, Cecilio et al. (2007) showed that,
small gaps between lettuce rows affected significantly and
influenced the fresh yield of the aerial part negatively.
Also, Makhadmeh et al., (2017) found that, plant density
exhibited significant effects on lettuce stem and leaves
weight, number of non-consumable leaves, number of
outer leaves, number of inner leaves, total number of
leaves, marketable head mass, head mass and plant height.

The objective of our study is to determine the
assess whether lettuce type which is suitable for local
production and consumption facing on nutritional value,
productivity per area unit and trying to enhance production
and quality by calcium foliar spray and optimum plant
density under Siwa Oasis conditions.

MATERIALS AND METHODS

The trails were conducted during two consecutive
winter seasons (2017 - 2018 and 2018-2019) in open field
at Siwa Experimental farm station, at latitude 29° 12° N,
longitude 25° 29’E and 18 meters below sea level, Marsa
Matrouh Governorate, Egypt, to evaluate the effect of three
plant density and spraying of two calcium concentrates on
two types of lettuce plants.

Transplants of Dark green lettuce cultivar as
romaine type and Mason lettuce cultivar as iceberg type
were transplanted on the 1%t of December in both seasons.
The experimental plot was 10.5 m? and transplants were
transplanted at plant spacing of 25x30, 25x25 and 25x20
cm to give a plant population of 138, 168 and 210 plant per
plot. There were about 13, 16 and 20 plants per square
meter, density (1, 2 and 3) respectively. Calcium chelate
was added by 300 ppm (calcium 1), 200 ppm (calcium 2)
and tap water (control) as foliar spray 30 days after
transplanting, then every 10 days up to harvest date. The
experiment was laid out as a split-split plot design with five
replicates. The plant density were assessed in main plot,
while three calcium foliar spray concentrations were
assessed in sub plots, but the two lettuce types were
assessed in sub-sub plots.

During harvest time, number of days from
transplanting to harvest time were calculated and number
of marketable lettuce heads were recorded. Then, randomly
ten plants of each plot were collected for yield and its
component determination. Head weight and diameter were
measured. Five heads from each plot collected to measure
compactness and tip-burn using a scale of 1-5 and L
Ascorbic acid content were determined according to
(AOAC, 2005). Heads samples were taken at harvest time
and oven-dried at 60 C° until constant weight, then dry
matter percent was calculated. The powder of samples
were ground to pass a 1 mm sieve then 0.1 g of the dry
samples was taken and digested using a mixture of

sulphuric acid and hydrogen peroxide as described by
Thomas et al., (1967).

All the studied elements were assayed in the digest
of the concerned plant samples. Potassium and calcium
were measured by flame photometer as described by Page
et al. (1982). Data were subjected to statistical analysis by
M-STAT C (Russel, 1991). The differences among means
were performed using least significant difference (LSD) at
5% level.

RESULTS AND DISCUSSION

Maturity and marketable heads:

Number of days to harvest time and number of
marketable heads significantly affected by density of
transplants and lettuce types in two seasons, while calcium
treatments showed no significant effect on number of days
to harvest time, but has significant effect on number of
marketable heads in both growing seasons. All interaction
effects among densities with calcium application or lettuce
types were significant in both growing seasons, while the
third interaction (density * calcium * lettuce types) effect
on number of days to harvest time in the second season
only, Table (1). early yield was obtained with low density
of lettuce transplants density 1 (13 p/m?) when compared
with medium density density 2 (16 p/m?) followed by high
density density 3 (20 p/m?) which was delayed harvesting
date in both season. On the contrary, high density of
transplants gave the highest number of marketable heads
compared with density 2 followed by density 3 in both
seasons this results agree with those reported by Cecilio et
al. (2007).

Foliar spray by calcium chelates at 300 ppm
concentrate slightly increased number of marketable heads
as compared with 200 ppm concentrate, while the
untreated plots (control) produced the lowest number of
marketable heads in both seasons. The foliar application of
calcium provides the nutrient directly to the organ of
interest during critical growth stages (Almeida, 2016).
Romine lettuce type evidently had earlier harvest date and
number of marketable heads as compared with iceberg
type in both seasons.

Regarding, interaction effects of high density
transplants with all calcium treatments delayed harvesting
date, but the most pronounced effect was when both lettuce
types were transplanted with high density without calcium
treatment as compared with other densities treated by both
calcium concentrates in both seasons. However, high
density with high calcium concentrate (300 p.p.m)
produced the highest number of lettuce heads when
compared with other treatments especially low density
plots (density 3) which was untreated with calcium in both
seasons. High density of iceberg lettuce type significantly
increased number of days to harvest time (delayed harvest)
as compared with other treatments, followed by other
densities with the same type, while romaine type with all
densities had low number of days to harvest (earlier
harvest) especially with low density of transplants.
Moreover, romaine type gave the highest number of
marketable heads with high density when compared with
iceberg type which was gave the lowest values especially
with low density of transplanting in both seasons.
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Table 1. Effect of plant density and calcium foliar spray on No. of days to harvest time and No. of marketable
heads/plot of two types of lettuce during 2017/2018 and 2018/2019 growing seasons.

Number of days to harvest time

Number of marketable heads/plot

First season

Second season

First season Second season

Treatments
Foliar spr.
Types

Mean

Density2
Density2
Density3

Calcium Romine

15550 15500 18200

1 Iceberg

4750 675 16205

15150 15088 17213

Calcium Romine

17475

2 losberg

14250 14550

75 975 1625

Romine 7175

14550 16225

Control

loeberg 7675

14400 14550

7038 7150 7425 7063 7275 7500

75 4713

Dehs.l Dehs.z Dens.3 Dehs.l Dehs.z Deﬁs.s

Dens.2 Dens.2 Dené.S

6542 6733 7017 6621 6758 7025

151.33 17300

Romine
7113 7246 7488 7242 7304 7529

14267 14542

Iceberg
6827 6990 7252 6931 7031 7277

4700 14925 16375

LSD at 005 for Density

LSD at0.05 for Calcium
LSDat0.05 for Types
LSDat0.05 for Density x Calcium
LSD at0.05 for Density x Types
LSDat0.05 for Culciumx Types NS
LSDat0.05 for Density X Culcumx Types NS

062
NS
022
035
039

075
NS
022
072
039
NS
067

202
186
1.74
32
301
NS
NS

203
230
1.66
398
288
NS
NS

Calcium 1 =300 ppm  Calcium 2 =200 ppm

Average head weight and diameter:

Data presented in Table (2) showed that, low
transplants density density 1(13 p/m?) produced the heaviest
head weight and highest diameter followed by medium
density density 2(16 p/m?) then high density density 3(20
p/m2) produced the lowest head weight and head diameter in
both seasons. This agree with those reported by Makhadmeh
et al., (2017) they found that, plant density exhibited
significant effects on lettuce stem and leaves weight, number
of non-consumable leaves, number of outer leaves, number
of inner leaves, total number of leaves, marketable head
mass, head mass and plant height. Also, both calcium

Density 1=13p/m? Density 2= 16p/m?  Density 3= 20p/m?

treatments increased head weight and diameter as compared
with control. Although, iceberg lettuce type produced the
heavy head weight than romaine type, but the increasing of
diameter in the first season was not significant and slightly
increment in the second season was found.

Concerning, interaction effects: low density with calcium as
200 p.p.m produced the heaviest head weight in the first
season and both calcium treatments in the second season.
Moreover, low density with calcium treatments produced the
highest head diameter in both growing seasons. While high
density produced the lowest head weight and diameter
especially with control of calcium treatment in both seasons.

Table 2. effect of plant density and calcium foliar spray on average head weight and diameter of two types of
lettuce during 2017/2018 and 2018/2019 growing seasons.

Average head weight (g) Average head diameter (cm)
Treatments First season Second season First season Second season
- N [ag)] = N (ag} - N (ag] = (o] [ag)
Ras. 2 % 2 § £ £ £ 5 ¢ % £§ 2 % % 0§
Types $ 5§ &% = § &% &5 = § & & =2 5§ & & =
a a a a a a a a a a a a
CalciumRomine 62603 67488 66007 65666 72036 72698 688 71672 1538 1564 14% 16531 1638 157/ 1500 153
1 lcbeg 97416 75337 70906 81219 102179 77287 75355 84940 1646 1521 1447 1538 1706 1571 144 1573
80009 71412 63006 7442 8B57 TAOR TRM 78306 1590 1542 1471 1534 1621 1574 1472 1556
CalciumRomine 69295 66106 62093 6883 7098 66030 6743 63152 1558 1509 1508 1525 15648 1573 1494 153
2 by 956 7142 64323 77169 101284 7570 68768 81930 1619 1465 1438 1514 1718 1621 1485 1608
82494 6879 6308 71500 8134 70839 68100 75041 1588 1487 1483 1519 1633 1597 140 1573
Control Romine 68313 56131 58789 61077 69997 58023 6175 6358 1560 1501 1506 16522 1528 1507 148 1507
lcshery 83418 65818 53466 70000 90368 70347 62944 74553 1619 1462 1443 1508 1703 1512 1469 1561
78366 6975 53627 68 80183 H4185 62350 68906 1589 148 1474 1515 1615 1509 1478 1534
Romine 66737 642 65% 641R 71306 65686 6610 6/6H% 15650 15625 15083 166 1B 152 1498 158
Icsberg OBR2 TBR 64564 TR0 94 TAAST 6022 80474 1628 1483 1449 1520 1708 1568 1466 1581
8RN 6062 6350 84625 70022 67606 158 1504 1476 1623 1560 1480
LSD at0.05 for Density 4530 4683 022 023
LSD at0.05 for Calcium B2 3166 015 021
LSDat0.05 for Cultivars 3189 2422 012 019
LSD at0.05 for Density x Calcium NS NS 025 036
LSD at 0,05 for Density x Cultivars 5524 4195 021 032
LSD at0.05 for Culcium x Cultivars NS NS NS NS
asg\gtg.%m'mﬂlyxmluumx NS NS NS NS
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Other interactions effect were not significant,
except the effect of transplants density with lettuce types,
where, iceberg type with low density gave the highest head
weight and diameter as compared with other treatments.
While romaine type with all transplants density and iceberg
with high density gave the lowest values in this respect in
both seasons. From previous data, we notice that, iceberg
lettuce type had increasing size head compare with
romaine lettuce type as a results of genetic improvements
in lettuce growth, head weight and head diameter. Similar
results were found by Yuan, 2018 on loose-leaf, romaine
and butter head phenotypes. Although iceberg lettuce type
had increment of average head weight and diameter,
romaine lettuce type increased total number of heads per
plot and consequently increased yield/plot especially when
lettuce have being marketing as units not as bulk weight.

Increasing growth rate of romain type was higher
with high density of transplants may be due to vertical
growth for romaine lettuce type and this led to maximize
growth with limited distances compared with iceberg
lettuce type (rounded head shape) which need more area to
give maximize head growth. Moreover, iceberg genetically
need more time to form compact when compared with
romaine lettuce type which was a relatively loose heads

and may be harvested early before heads has full
compacted.
Tip-burn and compactness:

Transplants density, calcium treatments and their
interaction effects on leaf tip-burn and head compactness
of two lettuce types were shown in Table (3). Presented
data showed that, low density transplants (density 1)
significantly decreased tip-burn and increased head
compactness as compared with other densities , followed
by medium density (density 2), while high density (density
3) sharply increased tip-burn and decreased head
compactness in both seasons this results in the same line
with those reported by (Silva et al., 2000) they plant
spacing significantly affected lettuce production by
changing its architecture, weight and quality. Regarding
calcium treatments effect, there were slightly decreasing of
leaf tip-burn disorder and slightly increasing of head
compactness when compared with control treatment which
was gave the highest tip-burn and lowest head
compactness. Iceberg lettuce type gave the lowest tip-burn
and highest head compactness when compared with
romaine type which was gave the highest tip-burn and
lowest head compactness in both seasons.

Table 3. effect of plant density and calcium foliar spray on tip-burn and head compactness of two types of lettuce
plants during 2017/2018 and 2018/2019 growing seasons.

Tip-burn (1-5)

Head compactness (1-5)

Treatments First season Second season First season Second season
i [ (a2} i Qq D i Qq (92] i N (22]
< < o o o o o o o o o o
Types g & & =28 & &8=238 8 &=& g &=
Calcium Romine 225 350 425 333 225 325 400 317 275 250 150 225 226 275 15 225
1 losberg 100 125 150 125 100 125 150 125 450 475 375 4383 475 450 3% 417
163 238 288 229 163 225 275 221 363 363 263 3290 350 363 250 321
Calcium Romine 250 350 425 342 275 350 425 350 375 226 250 283 275 250 1755 233
2 locberg 100 125 125 117 100 150 175 142 450 475 375 4383 425 450 375 417
175 238 275 229 18 250 300 246 413 350 313 358 350 350 275 325
Conrgl Fomine 3% 425 A75 408 350 375 450 32 375 250 225 283 300 300 250 283
losberg 150 150 175 158 150 125 175 150 475 500 400 458 475 475 4% 458
238 288 3% 28 250 250 313 271 425 375 313 371 38 38 338 371
Romine 267 375 442 361 283 350 425 353 342 242 208 264 267 275 200 247
loeberg 117 133 150 133 117 133 167 139 458 483 383 442 458 458 375 431
192 254 296 200 242 2% 40 363 2% 363 367 288
LSD at0.05 for Density 039 042 058 026
LSD at0.05 for Calcium 022 029 027 032
LSD at0.05 for Types 026 024 021 025
LSD at0.05 for Density x Calcium NS NS NS NS
LSD at0.05 for Density X Types 045 041 037 NS
LSDat0.05 for Calcium x Types NS NS 037 NS
LSDat0.05 for Density x Calcium x NS NS NS NS
Types

Calcium 1 =300 ppm  Calcium 2 =200 ppm

Regarding, interaction treatments had no significant
differences among them, except density with lettuce types
on tip-burn in both growing seasons. Romine type which is
growing in high transplants density showed high tip-burn
values when compared with other treatments, while
iceberg type showed less values especially when growing
in low transplants density in both seasons.

Density 1=13p/m? Density 2= 16p/m?  Density 3= 20p/nm?

Dry matter content and L. Ascorbic acid:

Data presented in Table (4) showed that, transplants
density, calcium application treatments and two lettuce
types significantly affected on dry matter percent and L.
ascorbic acid content in both growing seasons. Interaction
treatments have no significant effects on dry matter
content, while the effects of interaction treatments on L.
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ascorbic acid have significant effect with density and
lettuce types in the both growing seasons, while density*
types and denisity * calcium and denisity * calcium * types
showed significant effect in second season only. Low
density of transplants produced the highest head dry matter
content (lowest water percent content) followed by
medium density as compared with high density which was
produced the lowest dry matter content and subsequently,
highest water content in both growing seasons. Both
calcium application treatments slightly increased dry
matter content when compared with control in both
seasons, while the most pronounced effect on dry matter
content were obtained with iceberg lettuce type as
compared with was romaine type which produced low dry
matter content.

Regarding, L. ascorbic acid content, low transplants
density increased L. ascorbic acid content followed by
medium density as compared with high density in the first
season, while in the second seasons, the effect was not
significant. Moreover, both calcium application treatments
in the first season significantly increased L. ascorbic acid
as compared with control, while in the second season,
calcium 2 only had a significant effect when compared
with calcium 1 or control treatments. The most important
and shocked data were noticed by lettuce type L. ascorbic
acid content, since romaine type had about double amounts
of ascorbic acid as compared with iceberg lettuce type in
both seasons.

Potassium and calcium content:

Data in Table (5) showed that, transplants density
significantly affected on both head potassium and calcium
content in both growing season. Low density (density 1) in

the first season or with medium density (density 2) in the
second season which was produced the highest head
potassium as compared with high density (density 3).
Moreover, low density gave the highest calcium content as
compared with other densities in both seasons. Concerning,
calcium treatments presented in Table (5), showed that, no
significant effect was found on potassium content of
lettuce, while the effect on lettuce calcium content was
significant. Both calcium treatments increased lettuce head
calcium content as compared with control treatment in both
growing seasons. Regarding, the results of tow lettuce
types potassium and calcium content showed the similar
results with L. Ascorbic acid content. Romaine type
showed high superiority in this respect.

The interaction effect of density with calcium
treatments showed significant increases on lettuce
transplanting with low density and calcium 1 or calcium 2
treatment. While, all transplants density with control of
calcium treatments gave the lowest values in this respect.
Also, transplants density with lettuce types had a
significant effect, since romaine type gave the highest
potassium and calcium content especially with low density
as compared with iceberg type, especially with
transplanting on high density. Other interactions effect
were not significant in both seasons. From the previous
data we can notice that, calcium content and tip-burn
disorder attributed to transpiration effects which are led to
calcium element reach to and distribution throw young
leaves, so the older leaves can transpire rabidly and more
than youngest on the same plant which are suffer calcium
deficit and consequently showed tip-burn disorder (Collier
and Tibbitts, 1982 and 1984).

Table 4. Effect of plant density and calcium foliar spray on dry matter percent and L. Ascorbic acid of two types of
lettuce during 2017/2018 and 2018/2019 growing seasons.

Dry matter percent

L. Ascorbic acid mg/100g F.W

Treatments First season Second season First season Second season
— N (e2] — N (e2] — N [e2] - N (a2]
Types & & & S & & & = & & & = & & 5 =
o o o o o o o o o () () (a)
Calcium Romine 809 770 715 765 747 71 651 703 5303 5163 4683 5049 4950 5032 4972 4984
1 lceberg 1021 965 949 978 1031 1003 966 1000 2606 2666 243 2668 2472 2581 2569 2551
915 867 832 871 8839 857 808 851 39A4 014 H5 3BMW 3711 BB 3IH 3B
Calcium Romine 801 767 69 756 762 686 628 692 533 5208 4868 5137 5345 499 5067 5137
2 lcbeg 1025 986 937 983 1057 997 957 1004 26983 2700 253 2642 K0 20A B2 260
913 877 818 869 910 841 7R 848 4014 054 3700 3BB P58  BV67  IHA B3
Conirol Romine 780 724 662 72 743 667 630 680 493 4915 4673 4842 5020 4851 4882 4917
lcbeg 1013 960 939 971 1043 970 945 986 2553 2863 2440 2452 2462 2512 2620 2531
897 842 801 846 893 819 78 833 3745 B3P B 3B47 374 B8l 3751 (A4

o Drsi? Dag . : :

Romine 797 753 6 747 751 688 63 6R 519 50%H 4741 5009 5106 4960 4973 5013
losberg 1019 970 942 977 1044 90 955 9% 2617 KB 2460 X5 K01 260 2530 54
908 862 817 897 839 79% MU B BB BB 3IIH  3r77
LSDat0.05 for Density 022 021 040 NS
LSD at 0,05 for Calcium 016 014 086 067
LSDat0.05 for Types 016 021 061 055
LSD at0.05 for Density x Calcium NS NS NS 116
LSD at0.05 for Density x Types NS NS 105 0%
LSD at0.05 for Culcium x Types NS NS NS NS
LSDat0.05 for Density x Culcium x NS NS NS 165
Types

Calcium 1 =300 ppm  Calcium 2 =200 ppm

Density 1= 13p/m? Density 2= 16p/m?  Density 3= 20p/m?
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Table 5. effect of plant density and calcium foliar spray on potassium and calcium content of two types of lettuce
during 2017/2018 and 2018/2019 growing seasons.
Potassium content mg/g of d.w.

Calcium content mg/g of d.w.

Treatments First season Second season First season Second season
(= q (a2} = N (92] = q (92] (= N (92]
c o c c c c c c c c c c
Types g & &8 2 & 8 8 =2 &8 &8 828 & &=
CalciumRomine 3250 3175 3075 3167 3100 3100 2800 3000 850 800 700 783 800 725 625 717
1 lgberg 2250 2225 2175 217 2100 2125 2175 2133 600 575 500 558 550 500 475 508
2750 2700 2625 2692 2600 2613 2488 2567 725 688 600 671 675 613 550 613
CalciumRomine_3250 3125 3100 3158 3125 3100 2875 3033 850 675 725 750 775 750 700 742
2 losberg 2225 2250 2175 217 2050 2100 2050 2067 575 525 500 533 550 475 500 508
2138 2688 2638 2683 2588 2600 2463 2550 713 600 613 642 663 613 600 625
Control Romine_ 3225 3175 3100 3167 3050 3025 2850 2975 650 500 625 59 575 525 550 550
ldberg 2250 2200 2150 2200 2125 2125 2025 2092 400 400 425 408 350 425 400 39
2138 2683 2625 2683 258 2675 2438 2633 525 450 525 500 463 475 475 471
Romine P42 3158 3092 3164 0N 30N7AB5 2842 3003 78 658 683 708 717 667 65 669
loeberg 24 225 2167 211 092 2117 208 2097 525 500 475 500 483 467 458 469
2042 262 2629 2592  259% 2463 654 579 579 600 567 542
LSD at0.05 for Density 044 048 037 050
LSD at0.05 for Calcium NS NS 031 030
LSD at0.05 for Cultivers 028 050 026 021
LSD at 0,05 for Density x Calcium NS NS 053 053
LSD at0.05 for Density x Cultivars 048 087 045 NS
LSD at0.05 for Culciumx Cultivers NS NS NS 036
LSD at0.05 for Density x Culciumx
Culivars NS NS NS NS

Calcium 1 =300 ppm  Calcium 2 =200 ppm

In this study romaine lettuce type had the highest
tip-burn disorder in spite of that is a relatively loose head
(semi-open leaves) which are enhance in transpiration rate
and consequently hard competition between old and young
leaves. Moreover, vertical head growth of romaine lettuce
type might it difficult for calcium reach to leaves apical.
On the contrary, although iceberg lettuce type (closed
head) have a less respiration rate, closed heads led to
young leaves to obtain its calcium requirements. In
addition that, horizontal growth may be useful in this
respect. Similar results were found by (Barta and Tibbitts,
1991). Moreover, there were a significant variation in
nutritional values (water percent, L. ascorbic acid, calcium
and potassium content) among lettuce phenotypes, since
romaine type had great amount of water, L. ascorbic acid,
potassium and calcium content as compared with iceberg
type. Also, romaine type gave the highest lettuce yield
represented in average heads per unit area when
transplanted on high density, as well as calcium application
as a foliar spray by 300 or 200 ppm. enhanced lettuce yield
and quality of both lettuce types.
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