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Abstract

Lettuce is a popular salad vegetable in Europeamtdes. In India its demand is also increasings Ihot possible to grow
salad vegetables under open environmental conditiore to vagaries of weather. The state governmerdimachal Pradesh
(India) is promoting polyhouse cultivation in a ydrig way. But the lack of suitable cultivars ungetyhouse conditions is the
biggest challenge to the growers of the hilly stateerefore, in the present study seven genotypésttace viz. Red Butter
Head (G), Ice-berg (@), Revolution (@), Dublin (G;), Garishma (g, Bergamo (@ and Green Romaine ¢Bwvere evaluated
in a 36 x 6 m modified naturally ventilated polylseuhaving fan pad system. Maximum gross weight.@gfplant) was
recorded in Gwhich was statistically at par with,&791.6 g/plant). Minimum gross weight per plansviaund in G(18836
g). Maximum net weight/plant was recorded in(631.3 g) which was statistically at par with (678.3 g), G (583.6 g), G
(458.6 g) and &(480.3 g). Lettuce genotypes also varied in quaitrametersiz. chlorophyll b and total chlorophyll, starch,
reducing, non-reducing and total sugars and sodment.
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Lettuce (actuca sativa L), a member of family As- Chlorophyll is a green pigment found in most plaists
teracae is the most important salad crop of Eumopean- one of the oldest and most widely consumed pigmiendsir
tries. It also occupies an important position imptcal and diet. As it has been in the human diet forevecait be con-
subtropical countries. In temperate countriess itmiostly sidered one of the most safe food components. Aghall
grown under glass and plastic structures (Sanths Eial. varieties of lettuce have low calories, each vyuits differ-
2009; Carlo Fallovo et al 2009). In India, it isnenor com- ent nutrient content. Romaine lettuce is the masgtient-
mercial crop grown on a small scale in home gardkiris dense of all the lettuce varieties and is an egoelource of
an important polymorphic plant particularly withspect to vitamins A, B1, B2, and C, folic acid, manganesd ahro-
foliage characteristics. It grows to a height oft@@®0 cm mium, while Iceberg lettuce variety provides a gamdirce
with spread of 15 to 30 cm. Lettuce is a cool seasop. of choline. The outer leaves may contain fifty tneore
The optimum mean temperature range for excellemt/tr nutrients than the stem. Lettuce is a good soufahloro-

and good quality of lettuce is 15-96. The temperature phyll and vitamin K, good for dieters because ivésy low
above 25°C accelerates seed stalk and reduces the quality in calories. Lettuce is a good source of iron whgthe most

of leaves. It prefers light loam or sandy loam vetined active element in the body. Therefore, it mustédganished
fertile soils with pH 6-8. Lettuce is a rich sourechloro- frequently to meet any sudden demand of the bodi as
phyll, water, ascorbic acid, ash, starch, sugadssaium the rapid formation of red blood corpuscles in lyeloss of
which are the essential components of balanced diet blood.
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Magnesium content has exceptional vitalizing povesise-
cially in the muscular tissues, the brain and tleeves.
Lettuce may also help to treat acid indigestionenaia,
arthritis, catarrh, circulatory problems, colittgnstipation,
cough, diabetes, gastritis, gout, insomnia, irtéabowel,
obesity, sexual addiction, stress, tuberculosisersl and
urinary tract diseases.

In recent time people are becoming health conscious
and demand for salad in food is increasilmylndia pro-
tected cultivation is an emerging field and stadd=ad
package for lettuce production as well as suitabhéeties/
hybrids under protected conditions is scarce. Imadihal
Pradesh too, polyhouse technology is becoming popul
with the efforts of the state government, where 80%-
sidy for construction of polyhouses is being preddoy
the government undeiPandit Deen Dyal Updhyay Kisan
Bagwan Sanridhi Yojna” (Pandit Deen Dyal Farmers-
Horticulturists Progress Plan). Lettuce can be w@sed gap
crop in the polyhouses to incur more income. Theide is
high-value, thermo sensitive vegetable crop whiah be
grown successfully under polyhouse conditions. Hmre
there is no scientific information available in ladn let-
tuce cultivation under polyhouses. The work ongitglity
estimation has also been limited. Therefore, thesqmt
study was conducted to evaluate different hybradsyfeld
and quality traits of lettuce under protected ctiods.

The present investigation was undertaken at Palampu
(3% 6'N latitude, 783’ E longitudes and 1290.8 m alti-
tude) during 2009. Severe winters and mild summséits
high rainfall characterize the place. Agro climalig, the
location represents the mid-hill zone of Himacheddesh.

It is characterized by humid sub-temperate climaith
high rainfall (2500 mm), of which 80% is receivedritig
June to September. During October, there is no icrside

the polyhouse, therefore, to utilize the lean pkrid geno-
typesviz. G;-Red Butter Head, £ Green Ice-berg, £
Revolution G4-Dublin, G- Garishma, & Bergamo and
G; - Green Romaine were undertaken and planted in Ran-
domized Block Design with 3 replications in a 3® xn
modified naturally ventilated polyhouse. The cropsw
grown on 20 cm raised bed having 70 cm width. Vermi
compost (at 5 t/ha) and chemical fertilizers (60: 40

kg N, BOs and KO/ha) were applied in pits before
transplanting. Plants of each genotype were plaated
inter row distance of 45 cm and intra plant disamndé

30 cm. The intercultural operations i.e. hoeing amed-

ing were carried out in accordance with recommended
package of practices to ensure a healthy crop grand
development. The observations were recordechdnus
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yield contributing and quality traits in 5 randondglected
plants in each entry. The parameters recorded owthr
and yield were: plant frame (&mstem length (cm), stem
diameter (cm), gross weight (g), net weight (g)lapali-
ameter (cm), equatorial diameter (cm) and qualigjits
such as uniformity, heading (%), head shape, le&fut,
leaf texture, leaf shape, taste, colour of coranress,
ascorbic acid conter{img/100 g) chlorophyll ‘a’/g tissue ,
chlorophyll ‘b’/g tissue, total chlorophyll/g tissutotal,
moisture (%), ash (%), starch (%), total sugarduceng
sugars (%), non-reducing sugars and Na (g/100 lgwfo
ing standard procedures (AOAC 1990; Hodege anddofr
iter 1962; Jayraman 1981; Miller 1972; Subbaraclet
2003). Total chlorophyll was estimated spectrophmatii-
cally by the method of Jayraman (1981).

Extraction of total chlorophyll was carried out
cleaned pestle and mortar by grinding fresh san{pl€sg)
with 80% acetone. The extracts were centrifuged,@d0
rpm for 15 min and then chlorophylls were repeatexi-
tracted out with 20 ml (5-5 ml repeatedly, 4 tim&§Po
acetone until residues became colourless. Fintiby,vol-
ume was made up to 20 ml with 80% acetone and labsor
ance was measured at 663, 645 and 480 nm withelpe h
of ELICO (India) SL-159 UV-VIS Spectrophotometétor
the estimation of ascorbic acid (AOAC, 1990), 10@fg
fresh lettuce samples were grounded with 100 m2%f
oxalic acid as extraction medium in order to gaetrsl The
weight of slurry was recorded and 20 g of this rgiwas
taken in a beaker and its volume was made up tondl00
with 1% oxalic acid. The content of the beaker Viltasred
properly through Whatman Filter paper No. 1. Charco
treatment was given if any colour remained due itp p
ments. 5 ml of this filtrate was pipetted out aitdated
against a dye solution (2,6 dichlorophenol indogmthen
prepared by taking 52 mg of dye in 200 ml volunoefiask
adding 100 ml of hot distilled water. The volumesvihen
made to 200 ml with distilled water. After coolid@ mg
of NaHCQ; was added and dissolved properly. At the same
time 100 mg of ascorbic acid was dissolved in 50
1% oxalic acid solution was used as standard (advpag-
pared fresh). Moisture content in the lettuce wated
mined by following the oven drying method. Estiroatiof
starch was done by anathrone reagent method by usin
various reagents such as: 0.1 to 0.5 g of the sinp!
mogenized in hot 80% ethanol to remove sugars rieent
fuged and retained the residue, washed the resaheat-
edly with hot ethanol (80%) till the washings didtgive
colour with anthrone reagent and dried the resioher a
water bath. To the residue 5.0 ml of water &8 ml of
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52% perchloric acid were added. Extracted 8€Gor 20
minute with centrifuge and sage the supernatapeated
the extraction using fresh perchloric acid. Cengé&d and
poured the supernatants and made up to 10 Ombr@12
ml of the supernatant was piped out and made updhe
ume to 1 ml with water. Prepared the standardsaking
0.2, 0.4, 0.6, 0.8 and 1 ml of the working standandi
made up the volume to 1 ml in each tube with water.
Added 4 ml of anthrone reagent to each tube antktidar
eight minutes in a boiling water bath. Cooled rapiahd
read the intensity of green to dark green colouG3& nm.
The glucose content in the sample was noted bygubia
standard graph and multiplied with the value baetdr 0.9
to arrive at the starch content. The estimatiomedficing
sugar was carried out by dinitrosalicylic acid noethDis-
solved by stirring 1 g dinitrosalicylic acid, 20Qrarystal-
line phenol and 50 mg sodium sulphite in 100 ml 1%
NaOH and stored af@. Since the reagent deteriorates due
to sodium sulphite, it may be added at the timeisd if
long storage is required. Followed steps 1 to & &¢elson
-Simonyi's method to extract the reducing sugassfithe
test material. Piped out 0.5 to 3 ml of the extractest
tubes and equalized the volume to 3 ml with wateall
the tubes. Added 3 ml of DNS reagent and heateddhe
tents in a boiling water bath for 5 min. When tlomtents
of the tubes were still warm, 1 ml of 40% Rochedbdt
solution was added. Cooled and read the intensitjack
red colour at 510 nm. Run a series of standardwyugiu-
cose (0 to 500 mg) and plot a graph. Calculatecitheunt
of reducing sugars in the sample, using the stangiaph.
The concentration of non reducing sugar was deterthas
the differences in the concentration of tatagars and

reducing sugar.

Mineral content in lettuce genotypes was estimated
with standard procedure by using 3 g of dried andly
ground sample in 100 ml Kjeldahl flask. 25 ml ofxtore
of concentrated HN§) concentrated HCI9and concen-
trated BSO, was added in ratio of 3:2:1 and shaked well
so that no dry lumps were left behind. A clean acidhed
glass bead was dropped into flask to avoid bumguming
digestion. This flask containing sample was allowed
stand for 3-4 hours in a fume cupboard. Then thés w
heated on digestion heater and was watched oub&on-
ing during the first hour. In case of excessivenio®y
which tends to overflow, the bulb of flask was inrsel in
cold water till the digestion was completed. Themas
allowed to cool and the digested samples wererdike
through Whatman filter paper No. 40 into a 100 mluv
metric flask. It was made sure that contents of digestion
flask were quantitatively transferred by rinsing ftask 3-

4 times with deionized water. The silica residueswa
washed on filter paper with dilute HCI (1: 19) irder to
wash down salts completely. The volume of colledied
trate was made 100 ml. This mineral solution wasngf
ferred in pre acid washed polythene bottles ancbdton a
cool place till use. Mineral sodium was analyzed @ ml

of ash solution. Sodium and potassium were estonbje
Flame Photometry using Systronics-129 Flame Photome
ter. Dilutions, where required were made with deudbis-
tilled water and dilution factor were incorporatiedfinal
calculations.

The data on yield contributing characters and yéetd
summarized in Table 1.

Table 1. Effect of genotypes oyield contributing characters and yield of lettuce

Genotypes Plant Stem Stem Gross Net weight Polar Equatorial
frame length diameter weight (g/plant) diameter diameter
(cn?) (cm) (cm) (g/plant) (cm) (cm)
Red Butter Head ($ 535.0 4.3 25 373.3 294.0 13.7 10.8
Ice-berg (G) 1111.7 3.7 2.6 826.7 578.3 12.3 11.2
Revolution (G) 794.0 3.3 1.8 188.7 206.7 20.3 12.3
Dublin (Gy) 845.0 3.9 2.3 791.7 583.7 12.0 10.7
Garisma (@) 970.3 35 2.5 682.0 458.7 12.2 11.7
Bergamo (@) 874.3 3.5 2.3 509.7 480.3 17.7 18.3
Green Romaine (£ 1137.0 3.7 2.5 656.0 631.3 30.0 20.7
LSD (P=0.05) NS NS NS 152.9 175.7 4.5 5.9
CV (%) 25.9 234 16.5 14.8 211 14.7 24.2
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Plant frame, stem length and stem diameter though
shown wide variation under genotypes but were rot a
fected significantly as having greater CV valueswdver,
gross and net green weight/plant varied signifigaghie to
genotypes. Maximum gross weight (826.6 g/plant) was
recorded under £Green Ice-berg) which was statistically
at par with G (Dublin) (791.6 g/plant). Minimum gross
weight per plant was found ins;@Revolution) (188.6 g/
plant). Maximum values of net weight were recorde;
(Green Romaine) (631.3 g/plant) which was statfljicat
par with G (Green Ice-berg) (578.3 g/plant), @®ublin)
(583.6 g/plant), & (Garishma) (458.6 g/plant) ande¢ G
(Bergamo) (480.3 g/plant). Polar and equatoriahaiger
were also significantly varied due to genotypesghdst
polar diameter (30 cm) was recorded in &reen Ro-
maine) whereas, it was lowest ins @sarishma) (12.16
cm). Similarly equatorial diameter was maximum 0.
cm) in G (Green Romaine) and lowest in Gublin) (10.6
cm) (Table 1).

Various morphological quality parameters studiesl ar
shown in Table 2. All the genotypes were uniform in
growth. There were three types of genotypes undessti-
gationviz, heading, semi heading and leafy. Heading per-
centage was uniform and its shape was round imealing
genotypes. The leaf colour varied and all the ggrex
have different leaf colour. {6Red Butter Head) was red-
dish tinged green, S(Green Ice-berg) having petiole
white, G (Revolution) purple, & (Dublin) and G
(Garishma) light green, {gdbergamo) yellowish green and
G; (Green Romaine) was dark green. Colour of the core
was also different in all the genotypes. GenotypgRed
Butter Head) had yellow core,,GGreen Ice-berg) with
yellow green, G (Revolution) having purple with greenish
tinge, G (Dublin) white yellowish and &(Garishma), &
(Bergamo) and &(Green romaine) had white green core
(Table 2). Leaf texture was smooth i, @Red Butter
Head) and @(Dublin), having serrated leaves in (&reen
Ice-berg) and &(Revolution), toothed margin leaves ig G
(Garishma); @ (Bergamo) had fan type leaves and G
(Green Romaine) was non heading open type. Alytreo-
types were sweet in taste excepi Bergamo) and &
(Green Romaine) which were slightly bitter.

Among the quality characteristics, chlorophyll &'/
tissue, ascorbic acid and Ash % did not exhibihigicant
differences due to genotypes under polyhouse dondit
(Table 3). Highest chlorophyll ‘b’/g tissue wasiggited in
Gs; (Revolution) (0.237), followed by & (Bergamo)
(0.187), G (Green Romaine) (0.170) and. @Red Butter
Head) (0.159) which were statistically at.phls lowest
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Table 2: Morphological quality parameters of the various@gpes

Leaf shape Taste Color of core Firmness

Leaf texture

Leaf color

Head shape

Uniformity Heading (%)

Genotype

Yellow Slightly

Sweet

Smooth Oblong

Reddish
tinged green

Uniform 100

Red Butter
Head (G)

loose
Compact

Sweet Yellow green

Fan type

Petiole white Serrated leaves

Uniform 100

Ice-berg (G)

Loose

Purple with
greenish tinge

White yellow-

Sweet

Serrated leaves Fan type

Purple

Leafy

Uniform

Revolution

(Gs)

Compact

Sweet

100 R Light Green Smooth Fan type

Uniform

Dublin (Gy)

ish
White Green

Compact

Sweet

100 R Light Green  Toothed mar- Round

Uniform

Garisma (@)

gins of leaves

Loose

Slightly White Green

Puckered Fan type

leaves smooth

Yellowish

Uniform Leafy

Bergamo (@)

bitter
Slightly

green
Dark Green

Loose

White Green

Non heading

Smooth

Leafy

Uniform

Green Ro-

bitter

open

maine (G)




Table 3. Genotype effect on quality in lettuce

Total Na
mg/100g

Non reduc-
ing sugar %

Reducing

Starch

Ash
%

Total chloro- Mois- Ascorbic

Chloro-

Chloro-

Genotypes

sugar
%
5.09

sugar %

%

ture % acid
mg/100g

phyll / g

phyll b’/

phyll ‘a’/

tissue

g tissue

g tissue

32.3

1.78 3.40

155

0.231 0.159 0.390 95.5 5.8 7.37

Red Butter Head

(G

3.96 31.6

2.38
0.67
2.82
241
3.17
281

1.58
0.51

14.5

6.17
11.2

7.7
7.5
7.6
9.4
6.7
8.8

0.047 0.079 97.6

0.030
0.255

Ice-berg (G)

33.6

1.18
3.58
4.45
4.84
3.99

3.5
14.0

0.491 94.9

0.237

Revolution (GQ)
Dublin (Gy)

32.7

1.09
2.04
1.67
1.19

5.0
8.2

10.2

0.057 0.098 97.0
0.172

0.191
0.082

32.3

194

96.7

0.090
0.187
0.170

Garisma (@)
Bergamo (G)

34.4

5.8
15.9

0.302 94.9

0.488

0.148
0.319

32.2

7.8

93.2

Green Romaine (£

1.4
2.4

0.56
8.1

0.68
15.1

0.24
9.4

1.8
7.7

NS

30.2

NS

21

0.139
26.8

0.117

=0.05)

LSD (P
CV (%)

20.9

1.2

48.2

59.3
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value (0.057) was recorded in,®ublin). Total chloro-
phyll was highest (0.491/g tissue) iR (Revolution) which
was statistically at par values with; &Green Romaine)
(0.488) and G(Red Butter Head) (0.390). Moisture %
varied in different genotypes. It was significantligher in

G, (Green Ice-berg) (97.64%) being at par withy G
(Dublin) (96.69%) and & (Garishma) (96.68%). Starch
percentage (19.35%) and reducing sugar (2.043%§ wer
highest in G (Garishma). Whereas genotypes; G
(Revolutionyesulted in lowest values of starch (3.54%)
and reducing sugars (1.183%). Non reducing sugarg w
maximum in G (3.403%). These were minimum in; G
(Revolution) (0.673%). Total sugar percentage eidtb
significant variation. Its maximum values were fdun G
(Red Butter Head) (5.090%). It was lowest ing G
(Revolution) (1.183%). Sodium was maximum ing G
(Bergamo) (34.42 mg/100g). Its minimum value wasfi

in G,(Green Ice-berg81.50 mg/100g). Similar studies
were also undertaken by Dolma and Gupta (2011) and
Guptaet al. (2009).
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