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Abstract

Lettuce is the most-consumed leafy vegetable in Brazil due to its ease of preparation, nutritional quality, and affordability. Despite
these benefits, there are few cultivars of crisphead lettuce (Lactuca sativa) that possess agronomic potential, high carotenoid
content and resistance to nematodes. Therefore, we evaluated the agronomic potential of crisphead lettuce genotypes that are
resistant to the root-knot nematode. The experiment was conducted at the Vegetable Experiment Station of the Federal University
of Uberlandia (UFU), Monte Carmelo Campus. The trial was set up in a randomized block design with 49 treatments (43 genotypes
obtained from crosses between Uberlandia 10000 and Belissima and six commercial cultivars) and three replications. After
preparing the beds and before transplanting the seedlings, 11 simple samples were taken from each of the three experimental
blocks to confirm the presence of nematodes within the experimental area. The following variables were determined 48 days after
transplanting: chlorophyll content, leaf temperature, plant diameter, number of leaves per plant, fresh mass and incidence of root
gall. The data were submitted to analysis of variance (ANOVA) and an F-test and the means were compared by the Scott-Knott test.
Genetic diversity was represented by a dendrogram that was obtained using the hierarchical method of UPGMA and the
optimization method of Tocher. We found genetic divergence and agronomic potential among the evaluated genotypes.
Specifically, 199#1#1-E, 199#2#1-E, 199#2#2-E, 199#3#1-E, 199#6#1-E and 75#2#2-E presented good agronomic potential, were
rich in carotenoids and showed resistance to the root-knot nematode.

Keywords: biofortification; genetic divergence; Lactuca sativa; Meloidogyne sp.; pro-vitamin A.

Abbreviations: SPAD_ Soil Plant Analysis Development; IU_ International Unit; N_nitrogen; Ca_calcium; Mg_magnesium;
Na_sodium; K_potassium; H_hidrogen; Al_aluminum; P_phosphorus; SOM_ Soil Organic Matter; pH_ potential hydrogen; SB_Sum
of Bases; CEC_ Cation-exchange capacity.

Introduction

Lettuce is consumed worldwide without preparation and has led to the production of cultivars with higher carotenoid
mainly in salads. In Brazil, it is the most consumed leafy content, which are an excellent low-cost alternative to
vegetable and the third greatest in terms of production, vitamin A supplementation. One such cultivar is Uberlandia
trailing only watermelons and tomatoes (Abcsem, 2015). 10000, which has more than 10,000 IUs of Vitamin Ain 100 g
Retail sales in Brazil reach approximately RS 8 million reais of fresh leaves (equivalent to 36 millihenries (mH) of B-
per year while production surpasses 1.5 million tons (Sala carotene per 100 g of fresh leaves) (Sousa et al.,, 2007).
and Costa 2012; Abcsem, 2015). In addition to its economic Despite its nutritional advantages, the smooth-leaved
contribution through jobs and income generation, lettuce is Uberlandia 10000 has not gained popularity against curly-
also an important source of vitamins and minerals, especially leaved and American type lettuce that currently lead the
vitamin A (as much as 4000 IU / 100g) (Heredia Zarate et al., Brazilian market (Sala and Costa, 2012). Therefore, it is
2010). Vitamin A can be found as retinols and carotenoids necessary to incorporate genes that control carotenoid
(although only some carotenoids exist as provitamin A). content into different lettuce groups. It is also important to
Retinols are typically found in animal sources whereas obtain cultivars that are resistant to certain pests and
carotenoids are found in plant-derived foods such as lettuce diseases, since, with intensified production, fields used for
(Chapman, 2012; Penniston and Tanumihardjo, 2006). lettuce cultivation have been affected by phytopathogenic
Vitamin A is important for vision, reproduction, embryogenic infestations. Currently, the root-knot nematode (specifically
development, and immune function. Furthermore, the Meloidogyne genus) is one of the main problems
carotenoid consumption has been associated with a lower affecting lettuce cultivation. The pathogen can completely
risk of chronic diseases due to its antioxidant properties debilitate a plant by forming root galls that obstruct water
(Institute of Medicine, 2001).Concern in recent years about and nutrient absorption from the soil. The high incidence of
vitamin A deficiency, especially in less developed regions, Meloidogyne sp. is attributed to its high reproductive
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capacity, especially in regions where soil temperatures are
higher (Carvalho Filho et al., 2011a).

Resistant cultivars provide effective control without
increasing production costs, except seed costs, and are
compatible with other pest and disease maintenance
methods (Ferreira et al., 2013). Therefore, we evaluated the
agronomic potential of biofortified lettuce genotypes that
are resistant to root-knot nematodes.

Results
Agronomic evaluation

All variables, except leaf temperature, had a significant
effect (F Test, 5% probability) among the genotypes (Table
2).

The SPAD index, which indicates leaf chlorophyll content,
showed that genotypes 199 # 1-E, 199 # 2-1-E, 199 # 2-E,
199 # 3 # 1-E, 199 # 6 # 1-E and 75 # 2 # 2-E were
significantly superior to the others, with, respectively,
209.29, 224.74, 223.42, 234.37, 209.15 and 226.54% more
total chlorophyll than Uberlandia 10000 (which is considered
rich in beta-carotene).

Leaf temperatures (°C) ranged from 21.31 (189#3#4-E) to
28.02 (189#3#1-E) but did not vary significantly among
treatments. Although there were no differences between
the genotypes for this character, leaf temperatures were
considered satisfactory.

The plant diameters (cm) of the genotypes 117#1#3-E (39.46
cm), 75#1#1-E (35.71 cm) and 86#2#1-E (36.92 cm), were
142.61, 129.06 and 133.43% higher, respectively, than the
Uberlandia 10000 cultivar.

The stem diameters of the largest genotypes ranged from
22.62 mm to 31.37 mm and were statistically equal to that
of Uberlandia 10000. Therefore, these genotypes could be
useful in advancing breeding programs for biofortified
lettuce. These genotypes not only have high carotenoid
levels, but also present agronomic characteristics that are
similar or better than those of commercial cultivars.

The leaf numbers of 117#1#3-E, 184#2#5-E, 189#2#1-E,
189#3#1-E, 190#1#2-E, 197#1-E, 75#1#3-E did not differ
significantly from Uberlandia 10000.

The highest fresh weights were found in 75#1#1-E (0.36 kg)
and Grand Rapids Albina 1 (0.36 kg), which were 157.34 and
158.80% greater, respectively, than Uberlandia 10000.

Root gall scores (SRNG)

The genotypes 189#3#4-E; 189#3#2-E; 86#1#2-E; 1204#1#1-E;
189#3#1-E; 107#1#1-E; 197#1-E; 199H2H#2-E; 189H#H2#2-E;
197#2#2-E; 199#1#1-E and 199#3#1-E were more resistant
to the root-knot nematode (Meloidogyne sp.) than the
susceptible Uberlandia 10000 cultivar and showed similar
resistance to that of Grand Rapids (Table 3).

Genetic dissimilarity

The hierarchical UPGMA method (Figure 1) showed that the
co-expressed correlation coefficient of the four groups was
87%. Therefore, the matrix information and group formation
were considered satisfactory.

The composition of these groups demonstrated wide genetic
variability. The groups were separated by a 30% cut-off line
that was established at points of abrupt change in the
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dendrogram (Cruz et al., 2012). These cut points yielded four
distinct groups. Group | consisted of 21 genotypes, including
the cultivar Belissima and the genotype Uberlandia 10000.
Group Il consisted of seven genotypes, group Ill, ten
genotypes, including the Robusta cultivar, and finally group
four consisted of eleven genotypes.

Mahalanobis p2. distance was used to measure dissimilarity,
yielding four groups via the optimization method of Tocher
(Table 4). Group | was made up of 91.84% of the genotypes,
whereas groups Il, Ill and IV were made up of only 4.08, 2.04
and 2.04%, respectively.

The characteristics that differed most notably among the
genotypes were the SPAD index and leaf temperature, as
confirmed by the relative distribution of the characteristics
(24.84 and 20.19% of total variability, respectively) (Table 5)
while fresh weight contributed only 11.80%.

Discussion

The genotypes under study can be considered rich in
carotenoids since total chlorophyll and total carotenoids
were highly correlated (Klooster et al.,, 2012). These
genotypes could be viable options for breeding programs
focused on carotenoid-rich lettuce.

Moderately high leaf temperatures (35 to 42 °C) can
negatively affect photosynthesis, causing changes in the
thylakoid membrane and altering physicochemical
properties (Dias and Marenco, 2007), which in turn may
interfere with chlorophyll content and inflate the SPAD
index.

The genotypes 117#1#3-E, 75#1#1-E and 86#2#1-E could be
excellent options for wholesalers and retailers given that
consumers value larger heads of lettuce. Conversely, larger
plants may be susceptible to damage during packaging and
transport (Suinaga et al.,, 2013), which could reduce
commercial quality.

The plant diameter (21.4 to 25.6 cm) of loose-leaf lettuce
grown under high temperatures (Santos et al., 2009) was
lower than that of the genotypes in the present experiment
(35.71 to 39.46 cm). This discrepancy could be explained by
temperature differences between growing regions and the
sensitivity of lettuce to adverse temperatures, humidity, and
rainfall (Ferreira et al., 2010).

According to Oliveira et al. (2004), leaf number is the most
important component of plant development. This s
significant for lettuce given that this metric is a commercial
priority. Leaf numbers in the current study were much
higher than those found by Aquino et al. (2017), which
ranged from 12.8 to 15.6 in loose-leaf lettuce cultivars.
According to Sala and Costa (2012), sale of processed and
packaged lettuce is growing in Brazil, the United States and
Europe. Thus, higher leaf numbers would help meet this
growing market demand.

Air temperature affects plant development, leaf emissions
and growth and is the most important environmental factor
for many crops (Hermes et al., 2001). Given their relative
newness, the genotypes in the current study should be
evaluated in different regions, seasons and environments to
better understand their climatic adaptations and to select
those with the highest yields.

The fresh weights recorded in the present study agree with
Feltrin et al.,, (2009), who found values from 210.68 to
338.99 g for winter and summer crops of field-grown and
hydroponic crisphead lettuce. Feltrin et al., (2009) also



Table 1. Genotypes of crisphead lettuce (Lactuca sativa).

Treatments Genotypes
1 Belissima
2 107#1#1-E
3 107#1#2-E
4 117#1#1-E
5 117#1#3-E
6 120#1#1-E
7 125#1#1-E
8 125#2#2-E
9 184#2
10 184#2#1-E
11 184#2#5-E
12 189#1#2-E
13 189#2#1-E
14 189#2#2-E
15 189#2#3-E
16 189#3#1-E
17 189#3#2-E
18 189#3#3-E
19 189#3#4-E
20 190#1#2-E
21 197#1-E
22 197#2#1-E
23 197#2#2-E
24 197#3#1-E
25 199#1#1-E
26 199#2#1-E
27 199#2#2-E
28 1994#3#1-E
29 199#5#2-E
30 199#6#1-E
31 206#1#2-E
32 206#1#4-E
33 206#1#6-E
34 206#3#1-E
35 T#2#1-E
36 T#2#2-E
37 75#1#1-E
38 75#1#2-E
39 75#143-E
40 75#24#2-E
41 75#3#1-E
42 75#3#2-E
43 86#1#2-E
44 86#2#1-E
45 Grand Rapids Albina #1
46 Grand Rapids Albina #2
47 Grand Rapids Albina #3
48 Robusta
49 Uberlandia 10000

Método de sgrupamento : Ligagso Média Entre Grupo(UPGMA)

° 0 20 P w0 = & ™ %0 % 100
0 208630.15 16172603 242509045 323452081 4043150.76 485178091 566044107 648904122 27767137 8086301.52

Fig 1. Dendrogram of genetic divergence among 49 lettuce lines, obtained by the UPGMA hierarchical method as a measure of
dissimilarity. The genotypes code can be visualized according to Table 1.

775



Table 2. Agronomic evaluation of biofortified lettuce SPAD, leaf temperature (LT), plant diameter (PD), stem diameter (SD), number
of leaves (NF) and fresh weight (FW).

Genotype SPAD LT (°C) PD (cm) SD (mm) NF FW (kg)
Belissima 13.44 D* 25.84 A 14.26 D 1191C 14.83D 0,05 G
107#1#1-E 22.14C 23,84 A 26.63C 24.79 A 30.83B 0.10F
107#1#2-E 24.98 B 2421 A 24.34C 23.22A 29.17B 0.12E
117#1#1-E 14.89D 23.86 A 28.33B 29.76 A 32.83B 0.24C
117#1#3-E 15.70D 23.87A 39.46 A 31.37A 42.08 A 0.31B
120#1#1-E 13.61D 23.81A 19.84D 16.55C 17.17D 0.15E
125#1#1-E 15.56 D 23.56 A 25.54 C 26.89 A 23.17C 0.11F
125#2#2-E 18.90 C 22.79A 23.25C 25.79 A 27.17C 0.17D
184#2 27.398B 22.39A 30.71 B 2559 A 31.00 B 0.20D
184#2#1-E 25.898B 24.67 A 27.758B 22.62 A 30.258B 0.17D
184#2#5-E 25.028B 23.89A 32.008B 27.95A 36.58 A 0.25C
189#1#2-E 19.85C 25.17 A 23.67C 20.60 B 31.08 B 0.18D
189#2#1-E 19.60 C 21.84 A 25.54C 23.24 A 34.17A 0.16 D
189#2#2-E 23.20C 23.25A 24.13C 22.75A 28.92B 0.15E
189#2#3-E 21.99C 26.01A 26.21C 22.69 A 31.168B 0.17D
189#3#1-E 16.18 D 28.02A 19.92D 22.74 A 34.75A 0.13E
189#3#2-E 17.14D 22.15A 24.50C 26.31A 30.258B 0.14E
189#3#3-E 17.12D 2461A 23.63C 23.25A 30.67 B 0.13E
189#3#4-E 24.29B 21.31A 18.00 D 17.38C 25.92C 0.07G
190#1#2-E 2222 C 2474 A 29.88 B 24.45 A 37.5A 0.24C
197#1-E 23.13C 23.44 A 27.17C 26.372 34.25A 0.21D
197#2#1-E 18.25D 24.08 A 2342C 21.90B 27.42C 0.15E
197#2#2-E 20.11C 2440 A 25.71C 23.57 A 25.58 C 0.18D
197#3#1-E 2283 C 23.77A 25.50 C 25.57 A 22.92C 0.20D
199#1#1-E 30.20A 22.31A 25.46 C 21.71B 26.33C 0.19D
199#2#1-E 3243A 22.74 A 31.88B 19.388B 28.08 C 0.18D
199#2#2-E 32.24A 27.38A 31.54 B 20.33B 25.17C 0.17D
199#3#1-E 33.82A 24.08 A 29.25B 20.75B 30.58 B 0.13E
199#5#2-E 1791D 21.78 A 23.13C 22.21B 2433 C 0.17D
199#6#1-E 30.18 A 2492 A 30.25 B 21.73B 30.67 B 0.20D
206#1#2-E 19.95C 21.54 A 24.21C 25.17 A 22.75C 0.19D
206#1#4-E 17.50D 21.86 A 22.34C 2356 A 20.83D 0.15E
206#1#6-E 21.27C 25.14 A 21.21D 21.618B 19.58 D 0.23C
206#3#1-E 21.09C 2464 A 29.92 B 29.87 A 27.33C 0.26 C
TH2#1-E 21.73C 25.78 A 26.08 C 25.16 A 24.75C 0.14E
TH2#2-E 19.61C 21.70A 29.96 B 27.09 A 27.58 C 0.21C
75#1#1-E 17.07D 24.66 A 35.71A 2492 A 31.50 B 0.36 A
75#1#2-E 24.188B 21.49A 26.17C 22.148B 29.00 B 0.14E
75#1#3-E 22.50C 2431A 29.408B 25.78 A 38.50A 0.18 D
75#2#2-E 32.69 A 23.94 A 32.08B 19.158B 2492 C 0.18 D
75#3#1-E 20.62C 2499 A 32.468B 23.16 A 27.25C 0.26 C
75#3#2-E 20.04C 23.37A 29.63 B 19.278B 25.25C 0.17D
86#1#2-E 16.29D 26.42 A 29.17B 20.48 B 26.75C 0.16 D
86#2#1-E 17.73 D 2476 A 36.92 A 21.63B 29.42B 0.25C
Grand Rapids Albina #1 24.06 B 25.04 A 29.75B 19.708B 26.00 C 0.36 A
Grand Rapids Albina #2 19.69 C 25.76 A 25.88 C 14.04 C 17.42D 0.19D
Grand Rapids Albina #3 17.15D 21.30A 27.468B 17.46 C 21.75D 0.24C
Robusta 14.35D 23.94 A 23.50C 20.518B 20.5D 0.14E
Uberlandia 10000 14.43 D 25.14 A 27.67B 25.70 A 3458 A 0.23C

*Means followed by distinct letters within columns differ statistically by the Scott-Knott test at 0.05.

Table 3. The reaction of lettuce to nematodes.

Genotype Averages SRNG (%) Standard deviation
Robusta 0.17 A* -88.03** 0.33
Grand Rapids Albina #2 0.33A -76.76 0.00
Grand Rapids Albina #1 0.42 A -70.42 0.17
189#3#4-E 0.50A -64.79 0.33
189#3#2-E 0.58A -59.15 0.36
86#1#2-E 0.67 A -52.82 0.33
120#1#1-E 0.67 A -52.82 0.68
Grand Rapids Albina #3 0.75A -47.18 0.63
189#3#1-E 0.88 A -38.03 0.15
107#1#1-E 0.92A -35.21 0.32
197#1-E 1.00 A -29.58 0.76
199#2#2-E 1.17A -17.61 0.49
189#2#2-E 1.17A -17.61 0.86
197#2#2-E 1.25A -11.97 0.51
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199#1#1-E 1.33A
199#3#1-E 1.33A
Uberlandia 10000 1.42A
75#1#1-E 1.42A
199#6#1-E 1.42 A
189#2#1-E 1.42 A
197#2#1-E 1.42 A
199#2#1-E 1.42 A
TH2#2-E 1.42 A
75#3#2-E 1.42A
75#2#2-E 150 A
197#3#1-E 1.58 A
Belissima 1.58A
184#2#5-E 1.67A
86#2#1-E 1.67A
184#2#1-E 1.75B
125#14#1-E 1.83B
107#1#2-E 1.83B
125#2#2-E 1928
206#1#4-E 1928
184#2 2.00B
189#1#2-E 2.08B
206#1#2-E 2.08B
117#1#1-E 2.25B
117#1#3-E 2.33B
75#3#1-E 2.33B
75#1#2-E 242 B
199#5#2-E 2.50B
206#1#6-E 2.58B
75#1#3-E 2.58B
189#3#3-E 2.67B
190#1#2-E 2.75B
2064#3#1-E 2.75B
TH2H#1-E 2.92B
189#2#3-E 3.58 B

-6.34 0.67
-6.34 0.49
0.00 0.76
0.00 0.80
0.00 0.44
0.00 0.64
0.00 0.59
0.00 0.44
0.00 0.65
0.00 0.42
5.63 0.68
11.27 1.00
11.27 0.69
17.61 0.80
17.61 0.61
23.24 0.36
28.87 0.33
28.87 0.67
35.21 1.13
35.21 0.79
40.85 0.76
46.48 0.59
46.48 1.09
58.45 0.94
64.08 0.94
64.08 1.15
70.42 0.36
76.06 0.67
81.69 0.50
81.69 0.50
88.03 1.21
93.66 0.82
93.66 1.02
i5.63 1.34
152.11 0.84

*Means followed by distinct letters within columns differ statistically by the Scott-Knott test at 0.05. ** Relative superiority of gall scores [Genotypes versus Uberldndia 10,000 (S)] = SRN

Table 4. Grouping of 49 lettuce lines by the Tocher method.

Group Members
199#2#1-E; 75#24#2-E;199#3#1-E;199#1#1-E;199#6#1-E;184#2#1-E;184#2;189#2#2-E;75#1#2-E; 197#2#2-
E;197#3#1-E;197#2#1-E;189#2#3-E;107#1#2-E;7#2#1-E;107#1#1-E;125#2#2-E;189#1#2-E;189#3#3-E;75#3#2-

| E;197#1-E;189#2#1-E;199#5#2-E;189#3#2-E;206#1#2-E;206# 1#4-E;7#2#2-E;75#1#3-E;Crespa 125#1#1-E;
Robusta;86#1#2-E;206#1#6-E;75#3#1-E;190#1#2-E;Uberlandia 10000;117#1#1-E;184#2#5-E;206#3#1-E;86#2#1-
E;199#2#2-E; Grand Rapids Albina #3;120#1#1-E;1894#3#1-E;189#3#4-E; Grand Rapids Albina #2;

1] 117#1#3-E;75#1#1-E

1]l Grand Rapids Albina #1

\% Belissima

Table 5. Relative contribution of six characteristics to the genetic divergence of 49 genotypes of biofortified lettuce, according to

the criteria of Singh (1981).

Characteristics S.j S.j (%)
SPAD 156.24 24.84
Leaf temperature (2C) 127.01 20.19
Plant diameter (cm) 81.59 12.97
Stem diameter (mm) 90.12 14.32
Number of leaves 99.88 15.88
Fresh weight (Kg) 74.23 11.80

found that the fresh weight of winter lettuce (346.97 g) was
always greater than that of summer lettuce (247.15 g),
regardless of cultivation system (hydroponic or in the field).
Even though the current experiment was conducted under
high summer temperatures (February to April in the
southern hemisphere), some of the genotypes yielded fresh
weight values were similar or higher than those reported by
Feltrin et al. (2009).

Several authors (Carvalho Filho et al., 2011a; Ferreira et al.,
2011) have reported the resistance of the Grand Rapids
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cultivar to root-knot nematodes. While gall incidence may
not be the most efficient way to demonstrate nematode
resistance or susceptibility, it is still be the best option for
selecting genotypes in breeding programs because it is
practical and does not destroy the plants (Carvalho Filho et
al., 2011b).

Although the number of groups found by the optimization
method of Tocher and the hierarchical method of UPGMA
were equal (four groups), there were noticeable differences
in the number of genotypes per group. Similar disagreement



between multivariate methods was also observed by Nunes
et al. (2011), who worked with other species.

Nick et al. (2010) stated the importance of identifying
characteristics that most contribute to genetic diversity and
those that could be discarded due to their insignificance.

Materials and Methods
Plant material and location of the experiment

The experiment was conducted between February and April,
2017, at the Vegetable Experiment Station of the Federal
University of Uberlandia, Monte Carmelo Campus (873 m
above sea level, 18942'43.19 "S, 47929'55.8"W). The
treatments consisted of 43 genotypes from the fifth self-
fertilization of a cross between the Uberlandia 10000 and
Belissima cultivars and six commercial cultivars (Belissima,
Uberlandia 10000, Robusta, Grand Rapids Albina 1, Grand
Rapids Albina 2 and Grand Rapids Albina 3) (Table 1).

Experimental design and treatments

A randomized-block experimental design was used with 49
treatments (Table 1) and three replications. The following
statistical model was used: Yij = i + bj + ti + eij, where: Yij is
the observation of the i-th genotype in the j-th block; u is
the fixed effect of the global average; gi is the effect of the i-
th genotype; bj: the effect of the j-th block; and eij the mean
experimental error. Each plot consisted of 16 plants, where
only the four centermost plants were considered.

Procedures

Seeds were sowed in 200-cell polystyrene trays that had
been filled with a commercially available substrate of
coconut fiber. After sowing, the trays were maintained in a
hoop-style greenhouse (area: 5 x 6 m, height: 3.5 m) that
was covered with UV resistant polyethylene film (150
microns) and anti-aphid side screens.

Forty-four days after sowing, the seedlings were
transplanted to beds in the field that had been prepared and
fertilized according to soil analysis and crop
recommendations.

Before setting up the experiment, soil samples were taken
from a depth of 0 - 20 cm and analyzed at the Soil Fertility
Laboratory of the Federal University of Uberlandia. The
physical/chemical analysis showed the following: clayey
texture (> 50%); pH in CaCl, = 4.9; SOM = 3.9 dag kg'l;
P(rem) = 79.1 mg dm'3; K =0.29 cmoI-dm'3; Ca = 3.3 cmolc
dm’a; Mg=1.3 cmochm’a; H+Al=49 cmolcdm’?’; SB =4.90
cmolcdm’a; CEC=9.80 cmolcdm’3; BS% = 50.

The soil analysis, crop requirements and recommendations
of Ribeiro et al. (1999) were used to calculate the fertilizers
needed for planting, broadcasting, and liming. The
experiment was conducted in a naturally infected soil. After
soil preparation and before transplanting, eleven simple
samples were collected (0 - 25 cm depth) from each of the
three blocks to determine the existence, genus types, and
quantity of nematodes present. The nematode analysis
(Jenkins, 1964) showed the incidence of Meloidogyne sp.
with 174.9 adults per 100 cm?® of soil, 54.0 adults per 100
cm? of soil and 92.25 adults per 100 em? of soil in blocks I,
and lll, respectively.
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The plants were irrigated by sprinklers (spaced 12.0 x 12.0
m) with an individual flow rate of 0.45 m¥h™.

Variables

The following evaluations were carried out 48 days after
transplanting: a) chlorophyll content: measured in the
morning from a central leaf using a SPAD chlorophyll meter
(Minolta SPAD-502, Konica Minolta, Nova Jersey, USA); b)
leaf temperature (°C) using an infrared thermometer (300-
EN-01, Quick-Temp, China) that was held at a constant
distance from the leaf; c) plant diameter (cm) using a ruler;
d) stem diameter (mm) using a caliper; e) number of leaves
per plant; (f) fresh weight (kg); g) incidence of root gall using
a grading scale (0 to 5), where O represents less than or
equal to 5 galls; 1 represents more than 5 but less than or
equal to 20 galls; 2, greater than 20 but less than or equal to
40 galls; 3, greater than 40 but less than or equal to 60; 4,
greater than 60 but less than or equal to 80 and 5 = more
than 80 galls (Gomes,1999).

Statistical analysis

The data were submitted to an analysis of variance (ANOVA)
F test (p = 0.05) and the means were compared by the Scott-
Knott test (p = 0.05). Then, multivariate analyses were
carried out to determinate genetic dissimilarity among the
genotypes. This yielded a dissimilarity matrix based on a
generalized distance of Mahalanobis (Di')'

Genetic divergence was represented by a dendrogram,
which was obtained via the Unweighted Pair-Group Method
Using Arithmetic Averages (UPGMA) and the optimization
method of Tocher. Grouping by the UPGMA method was
validated using the co-phenotype correlation coefficient
(CCC) (Mantel test, 1967). The relative contribution of
guantitative characteristics was calculated according to
Singh (1981).

The cut-points in the dendrogram were established by
determining the locations of abrupt level changes (Sudréet
al., 2005). All data were analyzed using Genes v. 2015.5.0
(Cruz, 2013).

Conclusion

We found genetic diversity among the crisphead lettuce
genotypes evaluated in the present study. The genotypes
199#1#1-E, 199#2#1-E, 199#2#2-E, 199#3#1-E, 199#6#1-E
and 75#2#2-E are noteworthy because of their strong
agronomic potential, and because they are biofortified and
have a similar reaction to the root-knot nematode
(Meloidogynesp.) as that of the Grand Rapids cultivar, which
is considered resistant.
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