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Highlights 17 

 Wall rocket leaf morphology is different from other rocket crops. 18 

 Morphological differentiation can be used to enhance and promote it as new crop. 19 

 Significant inter- and intra-population variation was detected among accessions. 20 

 High environmental effects resulted in low heritabilities. 21 

 Field cultivation promotes lobated, dark green leaves, commercially appreciated. 22 
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Abstract 27 

Wild edible plants can be used for developing new crops and diversifying food markets. 28 

Wall rocket (Diplotaxis erucoides) is an annual weed with potential as a new crop. The 29 

present study aims at evaluating the effects of different growing conditions in the visual 30 

quality of this potential new crop. We evaluated eleven accessions of wall rocket, 31 

together with commercial rocket accessions (Eruca sativa and D. tenuifolia). 32 

Experiments were simultaneously conducted under field and greenhouse systems, and 33 

performed during two seasons. Fifteen descriptors related to leaf size, colour and shape 34 

were evaluated. Analysis of variance detected significant differences in size and shape 35 

among the three species studied, revealing the distinctiveness of wall rocket from the 36 

other rocket crops. This distinctiveness may enhance its establishment as a new crop. 37 

Comparison between the wall rocket accessions was also performed. There was 38 

relatively low morphological diversity among them. By contrast, the growing conditions 39 

had a high effect on the visual quality, especially for colour related traits and intensity 40 

of lobation, and also in the flowering time. As a consequence, the heritability estimates 41 

were low to moderate. The principal component analysis (PCA) clustered accessions 42 

according to the growing conditions, thus reinforcing the importance of environment in 43 

the morphology of wall rocket. The most promising quality of the leaves was obtained 44 

under field conditions, where the bright green colour and intensity of lobation were 45 

enhanced. In particular, accession DER006-1 was identified as a good candidate for 46 

developing a new cultivar. These results establish a basis for the management of wall 47 

rocket as a new crop. At the same time, results regarding the low diversity registered for 48 

morphology in the accessions evaluated have important implications for future breeding 49 

programmes of wall rocket.  50 

Keywords 51 
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Diplotaxis erucoides; Field cultivation; Greenhouse cultivation; Leaf colour; Leaf 52 

morphology; New crops 53 

 54 

1. Introduction 55 

Rocket crops are minor vegetables from the family Brassicaceae characterized by the 56 

distinctive pungent taste and aroma of their leaves (Bell and Wagstaff, 2014). This 57 

common name includes different species, from which only two are economically 58 

important as crops: Diplotaxis tenuifolia (L.) DC. (wild rocket), and Eruca vesicaria 59 

(L.) Cav. subsp. sativa (Miller) Thell., also known as E. sativa Mill. (salad rocket) 60 

(Tripodi et al., 2017). Although known since Antiquity, these two species are a perfect 61 

model of modern domestication for becoming cultivated crops (D’Antuono et al., 2009; 62 

Molina et al., 2016). Salad rocket is appreciated and widely cultivated in the Middle 63 

East and Southern Asia, while wild rocket has gained much popularity in European 64 

countries (Cavaiuolo and Ferrante, 2014). However, other related species from these 65 

genera are also edible and have the potential of becoming new crops, although 66 

nowadays they remain underutilized (D’Antuono et al., 2009; Di Gioia et al., 2018). 67 

Among them, wall rocket (Diplotaxis erucoides (L.) DC. subsp. erucoides) is an edible 68 

species of potential interest. 69 

Wall rocket is an annual wild and weedy plant widespread around the Mediterranean 70 

regions of Europe and Africa, Central Europe and Western Asia, but also naturalized in 71 

America (Martínez-Laborde, 1990; Pignone and Martínez-Laborde, 2011). As a wild 72 

vegetable, wall rocket has been traditionally gathered in different countries such as 73 

Italy, Spain or France, for being consumed raw in salads, or added to other dishes like 74 

pasta, soups and omelettes (Couplan, 2015; D’Antuono et al., 2009; Guarrera and Savo, 75 

2016). The edible part of this species is represented by the tender leaves, which are 76 
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mainly gathered during the vegetative stage of the plant. They are appreciated by the 77 

pungent, slightly bitter flavour which resembles the characteristic spicy, even burning 78 

flavour of some Brassicaceae crops such as mustard or wasabi. The flowers can be used 79 

as an edible, decorating component as well (Bianco et al., 1998), and present the same 80 

characteristic flavour of leaves, but at lighter intensity. On the contrary, the flavour 81 

clearly differs from the common rocket crops (D’Antuono et al., 2009). This distinctive 82 

character can be a key feature for promoting its exploitation as a new crop.Wall rocket 83 

can reach the flowering stage in a short period, which varies depending on the season 84 

and region. The species should be harvested prior to the appearance of the floral bud, as 85 

it is common in rocket crops (Bell et al., 2015; Caruso et al., 2018; D’Antuono et al., 86 

2009). This condition, together with the staggered sowing commonly used in the 87 

management of rocket crops, allows the establishment of several commercial cycles 88 

during the year. This means that the crop would have to be grown in different seasons. 89 

However, there is a lack of information regarding the influence of season on the leaf 90 

morphological traits of wall rocket. Environmental conditions such as the quantity or 91 

quality of light received, together with the temperature ranges, determine the duration of 92 

the vegetative cycle and can also affect different morphological traits related to the 93 

quality of the final product (Hatfield and Prueger, 2015; Stagnari et al., 2018). 94 

Moreover, although these conditions are dependent on the season, the use of protective 95 

systems such as greenhouses can modify them. For this reason, in the current study we 96 

have evaluated the field system and an alternative protected system under heated 97 

greenhouse. The aim of this study is to establish a base for the establishment of wall 98 

rocket as a new crop. Two independent experiments were carried out in two consecutive 99 

growing cycles in which environmental conditions differed, so that an indirect effect of 100 

the time of sowing could be also considered. We consider that a better understanding on 101 
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the management of wall rocket as a crop may contribute to its enhancement. Other 102 

studies have analyzed the effect of cultivation practices (e.g., soilless cultivation) on 103 

other species with potential as crops (e.g., Egea-Gilabert et al., 2013; Egea-Gilabert et 104 

al., 2014); even for wall rocket, the effect of cultivation management on nutritional 105 

traits have been tested (Di Gioia et al., 2018). However, we have not found works 106 

analyzing the effect on visual quality. On the other hand, the study was developed with 107 

pre-selected germplasm of wall rocket from the domestication programme that is being 108 

developed at the Universitat Politècnica de València (UPV, Valencia, Spain), in order to 109 

evaluate the effect of season and growing system in the visual quality of the crop. The 110 

use of local germplasm adapted to Mediterranean conditions may be more adequate for 111 

its future establishment as a new crop in countries from this region. 112 

2. Material and methods 113 

2.1. Plant material and cultivation 114 

Ten pre-selected accessions of wall rocket, corresponding to the first generation 115 

seedlings of ten different wild populations collected in the Valencian Community 116 

(Spain), were used in the current study (Table S1). These local populations are 117 

conserved at the UPV. In addition, four commercial cultivars of rocket species from 118 

Shamrock Seed Co. (Salinas, CA, USA) were included: var. SSC2402, and var. Wild 119 

rocket, both belonging to D. tenuifolia; var. S. Rocket SSC2965 from E. sativa; and var. 120 

Wasabi corresponding to D. erucoides. The latter is, to our knowledge, the only 121 

commercial variety available of this species. 122 

Plants were simultaneously grown in two different conditions at the UPV experimental 123 

stations: in a heated glass greenhouse with plants growing in trays (39º 29' 0'' N, 0º 20' 124 

26'' W), and in field under anti-pest mesh (39º 28' 56'' N, 0º 20' 11'' W). Two 125 

independent experiments were carried out during two consecutive growing cycles, the 126 
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late autumn-winter season (from now on, "winter season") and late winter-early spring 127 

season (from now on, "spring season"), with the same experimental design followed in 128 

the four conditions. Thus, for each condition the fourteen accessions (with 129 

independence of the species) were distributed according to a randomised block design, 130 

consisting of five blocks, one replicate per accession and block, and thirty plants per 131 

replicate (Fig. 1). 132 

 133 

Fig. 1. Experimental layout and statistical treatment of data. 134 

 135 

Seeds were treated with 2.5% sodium hypochlorite for 5 min followed by 100 ppm 136 

gibberellic acid solution for 24 h. The treatment was applied in order to break possible 137 

secondary dormancy and ensure a high, synchronised germination (Martínez-Laborde et 138 

al., 2007). Treated seeds were sown in commercial Neuhaus Humin-substrat N3 139 

substrate (Klasmann-Deilmann Gmbh, Geeste, Germany), placed for two days in a 140 

growing chamber with long day conditions (16/8 h, 25 ºC) to promote the fast 141 

germination of seeds, and then moved to a heated greenhouse. Thirty plants per 142 

replicate were used. Plants used for the greenhouse system were directly sown in 40 x 143 

25 cm
2
 trays and remained in the heated greenhouse during all the experiment. Plants 144 

for the field system were firstly sown in seedling trays with the commercial substrate, 145 
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placed into a greenhouse until the second true leaf appeared and then thirty plants per 146 

replicate were transplanted to the field, using the same plant density as in the 147 

greenhouse system. 148 

2.2. Morphological and agronomic traits 149 

A total of eleven quantitative and four qualitative traits were evaluated. Many traits 150 

were adapted from the normalized descriptors for salad rocket (Eruca spp.) (IPGRI, 151 

1999), considering the diversity among the three species. In addition, other traits that we 152 

considered of relevance were also included (Table 1). The fourth leaf of five plants per 153 

accession and replicate were analyzed when fully expanded and before the elongation of 154 

the floral stem. The relative chlorophyll content was measured with a chlorophyll meter 155 

(SPAD-502 Plus, Konica-Minolta, Tokio, Japan), and results were expressed as SPAD 156 

units. The rest of quantitative traits were measured using the Tomato Analyzer v3.0 157 

software (Rodríguez et al., 2010). Qualitative traits were measured using predetermined 158 

values (categorical) or scales (ordinal), as indicated in Table 1. Finally, the days to 159 

flowering were calculated as days after sowing needed to ensure that the floral bud was 160 

visible in at least five plants per accession and replicate, before the floral stem 161 

elongation. This trait was only measured in the accessions of wall rocket. 162 

 163 

Table 1. Descriptors used for the leaf characterization of the wall rocket, wild rocket 164 

and salad rocket accessions. 165 

Descriptor Code Units/scale 

Quantitative   

Days to flowering
a
 FLW-Time days 

Leaf length
b
 LL cm 

Leaf width LW cm 
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LL/LW ratio
b
 LL/LW cm·cm

-1
 

Leaf perimeter
b
 LP cm 

Leaf area
b
 LA cm

2
 

Lamina colour lightness L* 0 = black; 100 = white 

Lamina colour hue angle HUE 0º = red; 90º = yellow; 180º = green; 

270º = blue 

Lamina colour chroma CHROMA 0 = completely unsaturated; 100 = fully 

saturated 

Relative chlorophyll 

content 

SPAD SPAD units 

Number of lobes LOB-Num - 

Qualitative categorical   

Leaf blade shape SHAPE 1 = orbicular; 2 = elliptic; 3 = obovate; 4 

= spatulate; 5 = lanceolate 

Terminal lobe shape T-SHAPE 1 = lanceolate, wild rocket type; 2 = 

acute, salad rocket type; 3 = rounded, 

salad rocket type; 4 = broadly rounded, 

salad rocket type 

Margin shape M-SHAPE 1 = entire; 2 = crenate; 2.5 = crenate-

dentate; 3 = dentate 

Qualitative ordinal   

Intensity of lobation LOB-Int 0-5 (0 absent, 5 deep lobation) 

a
Trait measured for wall rocket accession, considered as days after sowing needed for 166 

developing a visible floral bud in at least five plants per accession, block and system 167 

b
Trait measured including petiole 168 
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 169 

2.3. Data analysis 170 

Statistical treatment of data was different depending on the nature of the traits (i.e., 171 

quantitative and ordinal qualitative traits, or categorical qualitative traits). Two analyses 172 

were performed in both cases: 1) for comparison among species; and 2) for comparison 173 

among accessions of wall rocket (Fig. 1). 174 

For quantitative and ordinal qualitative data, data were subjected to fixed effects model 175 

analysis of variance (Gomez and Gomez, 1984). The analysis among species was 176 

performed using the average values for each accession across the five blocks as data. 177 

Average data were submitted to a multivariate analysis of variance (ANOVA) in order 178 

to test the effects of species (S, with three levels: wall rocket, wild rocket and salad 179 

rocket), environment (E, with four environments: field-winter, greenhouse-winter, field-180 

spring, greenhouse-spring) and S x E interaction. The linear model used was: Xijk = µ + 181 

Si + Ej + (S x E)ij + eij(k), where Xijk is the value for accession k of species i and 182 

environment j, µ is the general mean, Si is the effect of the species i, Ej is the effect of 183 

the environment j, (S x E)ij is the effect of the interaction between species i and 184 

environment j, and eij(k) is the residual error of the accession k. Mean values of the three 185 

species were obtained and significant differences were analyzed using the Student-186 

Newman-Keuls multiple range test (P = 0.05). The second analysis only included the 187 

accessions of wall rocket. The effects of accession (A, eleven accessions), growing 188 

system (GS, field or greenhouse) and A x GS interaction for each season were tested by 189 

means of a multivariate ANOVA, using the values of the five replicates (blocks) for 190 

each accession. The linear model adopted in this case was: Xijkl = µ + Ai + Bj(ik) + GSk + 191 

(A x GS)ik + eijk(l), where Xijkl is the value for replicate l of accession i in block j and 192 

growing system k, µ is the general mean, Ai is the effect of the genotype i, Bj(ik) is the 193 
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effect of block j for accession i and system k, GSj is the effect of the growing system j, 194 

(A x GS)ik is the effect of the interaction between accession i and system k, and eijk(l) is 195 

the residual error of the replicate l. Study of the differences was performed using a 196 

Student-Newman-Keuls test (P = 0.05). Broad-sense heritabilities (H
2
) were calculated 197 

according to Wrickle and Weber (1986). H
2 

for each specific condition was calculated 198 

by the formula: H
2
 = σG

2
 / (σG

2
 + σE

2
), and for each system was calculated by the 199 

formula: H
2
 = σG

2
 / (σG

2
 + σGE

2 
+ σE

2
), where σG

2
, σE

2
 and σGE

2
 are the estimates of 200 

genotype, environment, and genotype x environment variances, respectively. 201 

Categorical qualitative data were expressed as percentage of each category against the 202 

total for each descriptor. Signification of differences were studied by means of the 203 

Marascuilo test (P = 0.05). A first analysis was performed among the three species for 204 

eahc specific environment. The second analysis compared traits among the eleven 205 

accessions of wall rocket and also among environments. 206 

Finally, a Principal Component Analysis (PCA) was performed using the Clustvis tool 207 

(Metsalu and Vilo, 2015) for the accessions of wall rocket. Both quantitative and 208 

qualitative data were used in the PCA. Data were ln-transformed, centred and vector 209 

scaling was applied to rows prior to analysis. The category corresponding to "entire 210 

margin shape" was not included in the analysis since the category was only present in 211 

one accession and specific condition. 212 

3. Results 213 

3.1. Variation among the three species 214 

The contribution of the species, environment and S x E interaction effects to the total 215 

sum of squares varied among traits. The species had great effect in most parameters 216 

related to size (up to 67.8%, for leaf area), and in the number of lobes and intensity of 217 

lobation (51.4% and 39.5%, respectively), while the effect of the environment was 218 
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mainly no significant (Table S2). In addition, there was a significant effect of the S x E 219 

interaction for all traits except for the leaf length/width ratio; the contribution to the 220 

total sum of squares for those traits ranged between 8.1% (lightness) and 46.0% 221 

(perimeter). 222 

 223 

 224 

Fig. 2. Leaves of salad rocket, wall and wild rocket derived from plants cultivated under 225 

greenhouse (left) or field (right) systems. 226 

 227 

Table 2 shows the mean values for the three species for the different traits. Compared to 228 

the other rocket crops, leaves of wall rocket were short in length and had a medium 229 

width value (Fig. 2);the leaf area was intermediate between wild and salad rocket. In 230 

addition, this species developed an intermediate lobation considering both number of 231 

lobes and intensity (Table 2); wild rocket displayed the greatest lobation characters, 232 

while salad rocket developed leaves more entire. 233 

Table 2. Mean values of wall rocket (WallR), wild rocket (WildR) and salad rocket 234 

(SaladR) for the quantitative and ordinal qualitative traits evaluated. 235 

Descriptor
a
 WallR WildR SaladR 
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LL 8.24
a
 8.66

b
 10.74

c
 

LW 3.01
b
 2.80

a
 3.87

c
 

LL/LW 2.78
a
 3.14

b
 2.83

a
 

LP 27.07
a
 29.41

ab
 30.44

b
 

LA 11.86
b
 8.02

a
 21.40

c
 

L* 44.13
b
 44.57

b
 40.96

a
 

Hue 128.60
b
 127.74

a
 128.80

b
 

Chroma 31.75
a
 31.46

a
 30.97

a
 

SPAD 38.60
a
 39.85

a
 40.02

a
 

LOB-Num 6.57
b
 8.29

c
 3.10

a
 

LOB-Intens 2.92
b
 3.99

c
 1.91

a
 

Means within traits with different letters indicate significant differences among species (P = 0.05) 236 

according to the Student-Newman-Keuls multiple range test 237 

a
LL: Leaf length (cm), LW: Leaf width (cm), LL/LW: Leaf length/Leaf width ratio (cm·cm

-1
), LP: Leaf 238 

perimeter (cm) LA: Leaf area (cm
2
), L*: lamina colour lightness, HUE: Lamina colour hue angle,  239 

CHROMA:  Lamina colour chroma, SPAD: Relative chlorophyll content (SPAD units), LOB-Num: 240 

number of lobes, LOB-Intens: Intensity of lobation 241 

 242 

Wall rocket also presented differences for qualitative traits (Fig. 2). On average, 61% of 243 

leaves presented spatulated shape both in field and greenhouse, together with obovate in 244 

greenhouse (33.8%) or obovate and elliptic in field (21.0% and 17.3%, respectively) 245 

(Fig. 3, Table S3). By contrast, wild rocket developed leaves mainly lanceolated but 246 

also elliptic (60.1% and 35.4% on average, respectively), while leaves of salad rocket 247 

were mainly obovate (77.5% on average). According to the shape of the terminal lobe, 248 

both wall rocket and salad rocket displayed salad rocket type, mainly rounded, but also 249 

acute in the former and broadly rounded in the latter (Fig. 3, Table S3). Finally, the 250 
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margin shape of salad rocket and wild rocket was mainly entire, while in wall rocket the 251 

main shape was crenate-dentate. 252 

 253 

 254 

Fig. 3. Percentage of categorical descriptors analyzed in leaves of wall rocket (WallR), 255 

wild rocket (WildR) and salad rocket (SaladR), in the four environments described: 256 

greenhouse-winter season (G-W), greenhouse-spring season (G-S), field-winter season 257 

(F-W), field-spring season (F-S). A) Categories for the leaf shape: 1 = orbicular; 2 = 258 

elliptic; 3 = obovate; 4 = spatulate; 5 = lanceolate. B) Categories for the shape of 259 

terminal lobe: 1 = lanceolate to acute, wild rocket type; 2 = acute, salad rocket type; 3 = 260 

rounded, salad rocket type; 4 = broadly rounded, salad rocket type. C) Categories for the 261 

shape of margin: 1 = entire; 2 = crenate; 2.5 = crenate-dentate; 3 = dentate. 262 

 263 

3.2. Variation among wall rocket accessions 264 

3.2.1. Effect of accession and environment in the quantitative traits 265 
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Significant differences among the eleven accessions were determined for most 266 

quantitative traits and intensity of lobation, in both seasons (Table 3). However, 267 

differences were no significant for leaf length and area, but also for leaf width and 268 

colour hue angle in winter, and relative chlorophyll content in spring. In any case, the 269 

contribution of the accession effect to the total sum of squares was low, ranging 270 

between 1.7% (flowering time) and 25.0% (leaf length/width ratio) in winter, and 271 

between 5.2% (flowering time) and 28.1% (lightness) in spring (Table 3). 272 

The effect of the growing system was also highly significant for most traits, specially 273 

during the winter season (Table 3). The contribution to the total sum of squares ranged 274 

from 0.0% (leaf width) to 90.4% (flowering time) in winter. Eight of the twelve traits 275 

presented percentages > 35%. Specifically, the system was the greatest contributor for 276 

the flowering time, leaf colour lightness and chroma, relative chlorophyll content and 277 

intensity of lobation (Table 3). In spring, this contribution was commonly lower, and 278 

ranged from 0.2% (flowering time) to 58.6% (number of lobes). Only three traits 279 

presented values > 35%: colour hue angle, number of lobes and intensity of lobation, 280 

being the greatest contributor in the latter two. Surprisingly, effects on the flowering 281 

time, leaf colour lightness and chroma were no significant and accounted for < 7% 282 

(Table 3). 283 

On the other hand, A x GS interaction was only significant for three traits in spring 284 

(flowering time, leaf length/width ratio and intensity of lobation), and five in winter 285 

(leaf length/width ratio, colour lightness and chroma, relative chlorophyll content and 286 

intensity of lobation) (Table 3). Nevertheless, the contributions to the total sum of 287 

squares were, in any case, < 17%. 288 
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Table 3. Sum of squares (in percentage, %) for effects of accession (A), growing system (GS), A x GS interaction, block (B), and residuals (R) 289 

for the quantitative and qualitative ordinal descriptors evaluated in the eleven accessions of wall rocket during the winter and spring seasons. 290 

 
Winter  Spring 

Descriptor
a
 A GS A x G B R  A GS A x G B R 

FLW-Time 1.7
**

 90.4
***

 0.4
ns

 3.3 4.1  5.2
**

 0.2
ns

 4.2
*
 77.6 12.8 

LL 6.0
ns

 37.4
***

 3.5
ns

 6.8 46.3  8.3
ns

 0.6
ns

 12.6
ns

 20.6 57.9 

LW 15.1
ns

 0.0
ns

 8.5
ns

 8.1 68.3  11.9
*
 19.5

**
 7.3

ns
 17.2 44.1 

LL/LW 25.0
***

 43.4
***

 5.7
*
 3.6 22.2  21.7

***
 34.4

***
 16.4

***
 3.3 24.2 

LP 23.3
**

 0.8
ns

 5.9
ns

 9.0 60.9  18.0
***

 31.0
**

 4.5
ns

 17.8 28.8 

LA 4.0
ns

 11.5
**

 5.7
ns

 7.1 71.7  10.6
ns

 10.0
ns

 8.5
ns

 18.7 52.2 

L* 8.5
***

 70.3
***

 3.8
**

 6.5 10.9  28.1
***

 6.5
ns

 4.5
ns

 22.7 38.1 

HUE 10.0
ns

 21.7
**

 14.5
*
 6.8 47.0  6.3

*
 37.6

*
 2.5

ns
 30.1 23.5 

CHROMA 6.9
***

 64.2
***

 3.4
ns

 9.9 15.5  13.5
**

 5.3
ns

 5.2
ns

 38.1 37.9 

SPAD 4.7
**

 73.0
***

 3.2
*
 5.9 13.1  5.5

ns
 27.9

*
 3.7

ns
 36.0 26.9 

LOB-Num 23.2
***

 43.9
***

 2.4
ns

 7.6 23.0  10.1
***

 58.6
***

 5.1
ns

 4.2 22.0 
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LOB-Intens 16.8
***

 54.1
***

 4.3
*
 8.2 16.6  14.8

***
 50.9

***
 7.2

**
 6.3 20.7 

 ns
, 

*
, 

**
 and 

***
 mean no significant, or significant at P < 0.05, P < 0.01, and P < 0.001, respectively

a
LL: Leaf length (cm), LW: Leaf width (cm), LL/LW: Leaf length/Leaf 291 

width ratio (cm·cm
-1

), LP: Leaf perimeter (cm) LA: Leaf area (cm
2
), L*: lamina colour lightness, HUE: Lamina colour hue angle,  CHROMA:  Lamina colour chroma, 292 

SPAD: Relative chlorophyll content (SPAD units), LOB-Num: number of lobes, LOB-Intens: Intensity of lobation293 
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3.2.2. Heritability of quantitative traits 294 

Heritability was low (< 30%) to moderate (< 70%) in all cases (Table 4). Moreover, 295 

heritability estimates of 0 were obtained for some traits under specific environments, like for 296 

some size related traits in greenhouse-winter condition, or colour related traits in field-spring 297 

condition. 298 

In the greenhouse system, traits including leaf length/width ratio, colour lightness, number of 299 

lobes and intensity of lobation had moderate values in each specific season and in the system 300 

(Table 4). Moderate values were maintained under field conditions for leaf length/width ratio 301 

and colour lightness, but also for leaf width and area. Surprisingly, flowering time, colour 302 

related traits, chlorophyll content and lobation traits presented great differences between 303 

seasons in the field (Table 4). Thus, values were moderate or almost moderate for winter 304 

(0.21-0.59), while they decrease to very low (< 0.16) or even 0.0 during spring. 305 

 306 

Table 4. Broad sense heritability (H
2
) of the quantitative and ordinal qualitative descriptors 307 

evaluated in the eleven accessions of wall rocket under each growing condition, and global 308 

heritability in each system. 309 

  Greenhouse  Field 

Descriptor
a
 Winter Spring Total  Winter Spring Total 

FLW-Time 0.12 0.35 0.22  0.22 0.05 0.18 

LL 0.00 0.05 0.06  0.20 0.11 0.05 

LW 0.00 0.02 0.01  0.35 0.25 0.30 

LL/LW 0.54 0.52 0.43  0.37 0.42 0.23 

LP 0.04 0.16 0.17  0.41 0.39 0.36 

LA 0.00 0.00 0.00  0.16 0.28 0.15 

L* 0.31 0.40 0.36  0.59 0.16 0.39 
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HUE 0.06 0.20 0.17  0.31 0.00 0.13 

CHROMA 0.15 0.22 0.31  0.42 0.00 0.19 

SPAD 0.23 0.12 0.14  0.21 0.00 0.18 

LOB-Num 0.44 0.27 0.36  0.33 0.13 0.18 

LOB-Intens 0.45 0.43 0.43  0.45 0.03 0.24 

a
FLW-Time: flowering time (days), L: Leaf length (cm), LW: Leaf width (cm), LL/LW: Leaf length/Leaf width 310 

ratio (cm·cm
-1

), LP: Leaf perimeter (cm) LA: Leaf area (cm
2
), L*: lamina colour lightness, HUE: Lamina colour 311 

hue angle,  CHROMA:  Lamina colour chroma, SPAD: Relative chlorophyll content (SPAD units), LOB-Num: 312 

number of lobes, LOB-Intens: Intensity of lobation 313 

 314 

3.2.3. Variation registered for the qualitative traits 315 

No great differences were determined among accessions for the qualitative traits (data not 316 

shown). Thus, all the accessions were analyzed together and only the effect of the 317 

environment was considered (Fig. 3, Table S4). The spatulate shape was predominant in both 318 

systems and seasons (> 52%), representing up to 70.9% of total under field-winter conditions. 319 

Obovate shape represented between 30.9% (spring) and 36.7% (winter) of leaves in the 320 

greenhouse system, while this percentage decreased to 17.3% on average in the field. By 321 

contrast, percentage of elliptic leaves in the latter increased up to 28.5% (spring) (Fig. 4, 322 

Table S4). 323 

The terminal lobe was mainly rounded, with values between 56.7% (field-winter) and 67.3% 324 

(greenhouse-winter). The second main category corresponded to the acute shape, especially in 325 

the field, representing up to 42.9% of total leaves in winter (Fig. 4, Table S4). Finally, the 326 

margin was mainly an intermediate crenate-dentate shape. Interestingly, greenhouse-spring 327 

conditions increased the percentage of dentate margins to 38.3%. 328 

 329 
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 330 

Fig. 4. Percentage of categorical descriptors analyzed in the eleven accessions of wall grown 331 

under the four environments described: greenhouse-winter season (G-W), greenhouse-spring 332 

season (G-S), field-winter season (F-W), field-spring season (F-S). A) Categories for the leaf 333 

shape: 2 = elliptic; 3 = obovate; 4 = spatulate. B) Categories for the shape of terminal lobe: 2 334 

= acute, salad rocket type; 3 = rounded, salad rocket type; 4 = broadly rounded, salad rocket 335 

type. C) Categories for the shape of margin: 1 = entire; 2 = crenate; 2.5 = crenate-dentate; 3 = 336 

dentate. 337 

 338 

3.2.4. Principal Component Analysis 339 

A PCA was performed using both quantitative and qualitative descriptors. The first and 340 

second component explained, respectively, 27.4% and 21.5% of the total variance (Fig. 5), 341 

which increased to 61.8% when the third component was considered. The first component had 342 

strong, positive correlation with colour related traits, leaf length and length/width ratio, 343 

obovate shape of leaves and rounded terminal lobe (Fig. 5a). It was negatively correlated with 344 
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leaf perimeter, relative chlorophyll content, number of lobes and intensity of lobation, elliptic 345 

shape of leaves and acute terminal lobe, and flowering time. The second component had 346 

positive correlations with flowering time, leaf length/width ratio, colour lightness and chroma, 347 

and crenate-dentate margin shape (Fig. 5a). It was negative correlated with leaf width, 348 

perimeter and area, colour hue angle and broadly rounded terminal lobe. 349 
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 350 

 351 

Fig. 4. Principal Component Analysis of the eleven accessions of wall rocket evaluated under 352 

the four growing conditions. A) PCA loading plot for the first (PC1) and second (PC2) 353 
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component analysis. Descriptors correspond to: LL: Leaf length (cm), LW: Leaf width (cm), 354 

LL/LW: Leaf length/Leaf width ratio (cm·cm
-1

), LP: Leaf perimeter (cm) LA: Leaf area (cm
2
), L*: lamina colour 355 

lightness, HUE: Lamina colour hue angle,  CHROMA:  Lamina colour chroma, SPAD: Relative chlorophyll 356 

content (SPAD units), LOB-Num: number of lobes, LOB-Intens: Intensity of lobation, SHAPE: leaf blade shape 357 

(2 = elliptic; 3 = obovate; 4 = spatulate; 5 = lanceolate), T-SHAPE: terminal lobe shape (2 = acute, salad rocket 358 

type; 3 = rounded, salad rocket type; 4 = broadly rounded, salad rocket type), M-SHAPE: margin shape (2 = 359 

crenate; 2.5 = crenate-dentate; 3 = dentate). B) PCA score plot for the first (PC1) and second (PC2) components, 360 

with identification of the specific environmental conditions in which plants were grown: greenhouse-winter 361 

season (coloured circle), greenhouse-spring season (open circle), field-winter season (coloured square), and 362 

field-spring season (open square). 363 

 364 

The projection of accessions in the PCA score plot confirmed that samples were mainly 365 

separated according to the specific conditions in which they were grown (Fig. 5b). The first 366 

component separated between samples from the greenhouse system, with positive values, and 367 

the field system, which had negative values. The second component separated samples 368 

between seasons (Fig. 5b). Samples grown in the winter season had positive values in this 369 

axis, while material from the spring season generally presented negative values. This 370 

distribution corresponded to differences in the mean values among conditions (Fig. 4, Table 371 

5). For instance, plants in spring needed on average 34 days to reach the flowering stage. 372 

However, this time increased from 16 to 33 days in winter (greenhouse and field, 373 

respectively). Plants growing in the field increased the relative content in chlorophyll, 374 

especially in winter, as well as the number of lobes and intensity of lobation (Table 5). This 375 

system also increased the percentage of elliptic leaves (Fig. 4). By contrast, the greatest 376 

values of leaf colour lightness and chroma were found in plants grown in the greenhouse, 377 

winter condition (Table 5).  378 

Finally, some accessions plotted in similar positions within each PCA graph (Fig. 5b). Thus, 379 

DER006-1 was mainly placed in the lower left extreme of the plot, opposite to the 380 
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commercial var. Wasabi. By contrast, accessions such as DER001-1, DER081-1, DER085-1 381 

or DER089-1 mainly plotted close between them, but also close the commercial variety. 382 

Accessions from the greenhouse-spring season, however, formed a more compact plot that 383 

affected comparisons. 384 
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Table 5. Mean values and range of the quantitative and ordinal qualitative descriptors evaluated in the eleven accessions of wall rocket in the 385 

greenhouse and field systems, during the winter and spring season. 386 

  Winter  Spring 

 

Greenhouse  Field  Greenhouse  Field 

Descriptor
a
 Mean Range  Mean Range  Mean Range  Mean Range 

FLW-Time 50.47
a
 (48.60; 52.60)  66.98

b
 (65.40; 70.00)  34.18

a
 (32.40; 36.60)  34.45

b
 (33.80; 35.75) 

LL 8.87
b
 (7.92; 9.25)  7.45

a
 (6.90; 8.03)  8.41

a
 (7.57; 9.13)  8.25

a
 (7.55; 8.93) 

LW 2.82
a
 (2.54; 3.13)  2.83

a
 (2.56; 3.12)  3.04

a
 (2.78; 3.26)  3.37

b
 (3.17; 3.70) 

LL/LW 3.20
b
 (2.75; 3.70)  2.68

a
 (2.50; 3.01)  2.78

b
 (2.39; 3.19)  2.46

a
 (2.20; 2.65) 

LP 25.83
a
 (21.82; 29.77)  26.50

a
 (22.73; 30.71)  25.13

a
 (21.85; 27.91)  30.84

b
 (26.79; 37.40) 

LA 11.23
b
 (10.04; 12.45)  9.76

a
 (8.58; 10.82)  12.39

a
 (10.76; 14.01)  14.06

a
 (12.56; 16.51) 

L* 48.24
b
 (46.90; 50.46)  43.19

a
 (40.88; 44.20)  42.10

a
 (40.35; 45.05)  43.00

a
 (41.76; 44.52) 

HUE 128.52
b
 (127.54; 129.13)  127.49

a
 (126.27; 128.77)  129.89

b
 (129.15; 130.57)  128.50

a
 (128.06; 128.99) 

CHROMA 37.02
b
 (34.79; 40.19)  29.41

a
 (26.31; 31.72)  29.61

a
 (26.32; 32.32)  30.94

a
 (29.71; 31.98) 

SPAD 34.43
a
 (31.14; 37.24)  45.04

b
 (42.58; 48.13)  34.82

a
 (32.00; 37.76)  40.09

b
 (37.87; 42.74) 
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LOB-Num 6.00
a
 (4.44; 7.52)  8.28

b
 (7.40; 9.20)  4.21

a
 (1.60; 6.48)  7.80

b
 (7.08; 8.52) 

LOB-Intens 2.43
a
 (1.68 - 3.16  3.83

b
 (2.96 - 4.40  1.97

a
 (0.67 - 3.28  3.45

b
 (3.05 - 3.72) 

Means within rows for each cycle with different letters are significantly different at P = 0.05 according to the Student-Newman-Keuls multiple range test 387 

a
FLW-Time: flowering time (days), L: Leaf length (cm), LW: Leaf width (cm), LL/LW: Leaf length/Leaf width ratio (cm·cm

-1
), LP: Leaf perimeter (cm) LA: Leaf area (cm

2
), 388 

L*: lamina colour lightness, HUE: Lamina colour hue angle,  CHROMA:  Lamina colour chroma, SPAD: Relative chlorophyll content (SPAD units), LOB-Num: number of 389 

lobes, LOB-Intens: Intensity of lobation 390 
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4. Discussion 391 

Wall rocket is broadly considered as a weed (e.g., Araj and Wratten, 2015; Martínez-392 

Laborde et al., 2007; Pignone and Martínez-Laborde, 2011). However, our research is 393 

pioneering on the study of this species as a crop, with the aim of developing new 394 

commercial cultivars. The development of materials adapted to cultivated conditions 395 

and with distinctive traits increases the chances of the establishment of wall rocket as a 396 

new crop, by encouraging the acceptance of producers and consumers. 397 

In particular, the present work was focused on analyzing the effect that greenhouse and 398 

field cultivations have on morphological traits of interest in the final product. These two 399 

systems present great differences in terms of temperature, light intensity, wind, or air 400 

humidity, among others, factors that can affect growth and development of plants (Figàs 401 

et al., 2018b). Moreover, for vegetable crops with short cycle, differences in the month 402 

of sowing determine the environmental conditions during the growth period, and this 403 

seasonal climate variability can affect visual quality as well (Bonasia et al., 2017). 404 

Commercial materials of salad and wild rocket were included in the analyses in order to 405 

compare with our materials. The three species have been previously compared in terms 406 

of nutritional characteristics (e.g., D’Antuono et al., 2008; Di Gioia et al., 2018). 407 

However, there is little information regarding parameters of visual quality in these 408 

commercial crops (e.g., Bonasia et al., 2017; Egea-Gilabert et al., 2009; Taranto et al., 409 

2016). Our results showed that the three species were clearly differentiated in leaf size 410 

and shape. This indicates that the leaf traits chosen give a good result for comparing and 411 

describing the three species. Thus, they can be used as a basis for the future 412 

development of wild and wall rocket descriptors, since current normalized descriptors 413 

are specifically developed for Eruca spp (IPGRI, 1999). Furthermore, our results 414 

indicate that, even when different species can be considered together as rocket crops, 415 
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they are distinct enough to be presented as different commercial products. In the 416 

particular case of wall rocket, this distinctiveness can play a key role in the commercial 417 

success of the new crop. In fact, food markets are continually looking for new products 418 

for diversification, and in some cases the opportunity derives from the domestication of 419 

wild edible plants (Egea-Gilabert et al., 2013). 420 

When the eleven accessions of wall rocket were compared, results indicated the 421 

presence of genotypic differences. However, this variation was not of big magnitude, 422 

and its effect was low compared to the effect of the growing system. The lack of wide 423 

variation has been previously reported in other species from the same genus, in 424 

particular for wild rocket, in contrast to the greater variation registered for the salad 425 

rocket (Taranto et al., 2016). This relatively low diversity must be considered in 426 

breeding programmes, since breeders exploit genetic variability for developing 427 

materials of interest (Voss-Fels and Snowdon, 2016). Thus, our results suggest that a 428 

limit number of morphological different varieties may be developed with our materials. 429 

Nevertheless, according to the wide distribution described for the species (Pignone and 430 

Martínez-Laborde, 2011), we do not discard that materials from other regions may 431 

increase the morphological diversity. 432 

By contrast, we found a great influence of the environmental conditions in most 433 

morphological traits. Modification of morphology by plants is a common adaptation to 434 

environmental conditions (Stagnari et al., 2018).  Thus, our results support the idea that 435 

the evaluation of genotypes across different environments should be a critical 436 

determinant when new crop cultivars are being developed (Stommel et al., 2015). In 437 

addition, when the crop management to be implemented is unclear, as it happens with 438 

new crops, the evaluation of materials among different environments may help to 439 

identify the best environmental conditions in order to obtain a desirable quality.  440 
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The combined inter-population low genetic diversity and high influence of the 441 

environmental conditions, together with the intra-population diversity registered, 442 

affected heritability estimates. Unlike our results, in an ideal situation, heritability of 443 

morphological traits should be high (Figàs et al., 2018a), thus increasing the success of 444 

the breeding selection. In addition, estimates varied among growing conditions for 445 

many traits, which is described as a general behaviour for broad-sense heritability 446 

(Hoffmann and Merilä, 1999). Thus, estimates should be performed as independent for 447 

different conditions, and materials selected for those specific conditions (Rodríguez-448 

Burruezo et al., 2002). 449 

The PCA did not cluster materials by genotype or origin. Figàs et al. (2018b) found 450 

similar results when clustering materials of tomato corresponding to the same varietal 451 

type that are genotypically close among them. On another study, Egea-Gilabert et al. 452 

(2009) found that, even for accessions of Eruca sp. genotypically different, leaf 453 

morphological traits were not strong enough to group materials by origin. Thus, our 454 

clustering results reinforce the hypothesis that the materials had relative poor 455 

morphological variation among them. On the contrary, leaf morphology was strongly 456 

conditioned, not only by the growing environment but also the season. In this way, field 457 

conditions increased the number and intensity of lobation. Bell et al. (2017) found that 458 

marked leaf lobation in salad rocket increased acceptance in European consumers as it 459 

is the expected shape of rocket crops. In a similar way, growing wall rocket under 460 

conditions that increase the lobation may promote the acceptance of the crop. Colour of 461 

leafy vegetables plays also a decisive role in the acceptance by consumers (Colonna et 462 

al., 2016). In this respect, plants growing under field increased the relative chlorophyll 463 

content, main determinant of the colour in green vegetables (Roshanak et al., 2016), 464 

while the greenhouse-winter combination increased the chroma and lightness. Since 465 
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bright green colour of leaves is desirable for markets, our results indicate that field 466 

conditions will provide a final product with better colour-related traits. However, winter 467 

in the field promoted the accumulation of anthocyanins, visible as purple spots along 468 

the surface (data not shown). This accumulation, induced by low temperatures and 469 

related to stress tolerance (D’Amelia et al., 2018), implied loss of quality in the final 470 

product, and may indicate that the harsh winter is not adequate for the crop. However, 471 

the use of climate crop cover nets may reduce this negative aspect and other related to 472 

the very cold conditions, but new experiments should be conducted for assessing its 473 

effect. 474 

On the other hand, leaves were smaller in winter, especially under field conditions. 475 

Reducing size of leaves is common when plants grow under cold temperatures 476 

(Buitrago Acevedo et al., 2017). During this season, plants also increased the vegetative 477 

stage period, especially under field conditions. This result matches expectations, since 478 

increasing the day length and temperature results in a higher development of rocket 479 

crops (Bonasia et al., 2017). 480 

Finally, despite the low effect of genotype, distribution of accessions within each graph 481 

may be an indicator of the presence of some global similarities among specific 482 

materials. As a promising result, the pre-selected accession DER006-1 seems a good 483 

candidate for the breeding programme, with the goal of obtaining a new, distinct variety 484 

from the existing commercial Wasabi. 485 

5. Conclusions 486 

This work is a basis for the determination of the proper conditions for growing wall 487 

rocket as a new crop. In agreement with our findings, field conditions would be an 488 

adequate option for its development. Under these conditions, plants developed leaves 489 

with a higher number of lobes and also a great intensity of lobation, which may increase 490 
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its acceptance in markets due to similarity with wild rocket. However, wall rocket was 491 

distinct enough to be considered as a new vegetable. Field conditions also positively 492 

affected the colour quality of the product. Nevertheless, the presence of anthocyanins in 493 

the late autumn-winter season may damage this visual quality. Thus, the harsh winter 494 

conditions should be presumably avoided for growing this new crop in the field, unless 495 

protected. 496 

On the other hand, results indicated the presence of low morphological variation among 497 

materials, and also low-moderate heritability of the traits evaluated. This lack of 498 

diversity must be considered for future breeding programmes. Nevertheless, 499 

multivariate principal component analysis was useful for defining the accession 500 

DER006-1 as a good candidate for the development of a new variety, distinct from the 501 

commercial var. Wasabi.   502 
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Table S1. Geographical location of the original ten wild populations of wall rocket 

from which the pre-selected accessions derive. 

Accession Location Province Coordinates 

   Latitude Longitude 

DER089-1 Cabanes Castellón 40º 11' 06'' N 0º 10' 17'' E 

DER085-1 Castellón de la Plana Castellón 39º 59' 42'' N 0º 03' 36'' W 

DER001-1 Alfara del Patriarca Valencia 39º 32' 21'' N 0º 23' 06'' W 

DER006-1 Oliva Valencia 38º 54' 42'' N 0º 06' 49'' W 

DER055-1 San Isidro de Benagéber Valencia 39º 34' 03'' N 0º 23' 49'' W 

DER064-1 Casinos Valencia 39º 41' 49'' N 0º 42' 49'' W 

DER067-1 Losa del Obispo Valencia 39º 41' 48'' N 0º 53' 18'' W 

DER081-1 Benavites Valencia 39º 43' 49'' N 0º 14' 25'' W 

DER031-1 Montroy Alicante 39º 21' 02'' N 0º 38' 05'' W 

DER045-1 Jijona Alicante 38º 38' 30'' N 0º 28' 37'' W 
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Table S2. Sum of squares (in percentage, %) for the effects of species (S, wall rocket, 

wild rocket and salad rocket), environment (E), S x E interaction and residuals (R) for 

the quantitative and qualitative ordinal descriptors evaluated in the three species. 

Descriptor
a
 S E

b
 S x E interaction  R 

LL 39.9
***

 19.5
ns

 20.6
***

  19.9 

LW 43.3
***

 24.1
ns

 12.9
***

  19.7 

LL/LW 15.9
***

 41.2
**

 8.2
ns

  34.6 

LP 9.9
***

 8.4
ns

 46.0
***

  35.7 

LA 67.8
***

 15.4
ns

 9.5
***

  7.3 

L* 17.5
***

 52.5
**

 8.1
*
  21.9 

HUE 18.3
***

 10.7
ns

 39.2
***

  31.8 

CHROMA 0.8
ns

 45.4
ns

 22.1
***

  31.7 

SPAD 1.8
ns

 54.9
ns

 28.7
***

  14.5 

LOB-Num 51.4
***

 9.3
ns

 12.6
**

  26.8 

LOB-Intens 39.5
***

 9.8
ns

 15.9
***

  34.8 

ns
, 

*
, 

**
 and 

***
 mean no significant, or significant at P < 0.05, P < 0.01, and P < 0.001, respectively 

a
LL: Leaf length (cm), LW: Leaf width (cm), LL/LW: Leaf length/Leaf width ratio (cm·cm

-1
), LP: Leaf 

perimeter (cm) LA: Leaf area (cm
2
), L*: lamina colour lightness, HUE: Lamina colour hue angle,  

CHROMA:  Lamina colour chroma, SPAD: Relative chlorophyll content (SPAD units), LOB-Num: 

number of lobes, LOB-Intens: Intensity of lobation 

b
Four environments were considered in the analysis, corresponding to: 1) greenhouse system in winter 

cycle; 2) field system in winter cycle; 3) greenhouse system in spring cycle; and 4) field system in spring 

cycle 
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Table S3. Percentage of categorical descriptors (%) analyzed in leaves of wall rocket (WallR), wild rocket (WildR) and salad rocket (SaladR), in 

the four environments described: greenhouse-winter season (G-W), greenhouse-spring season (G-S), field-winter season (F-W), field-spring 

season (F-S). 

 G-W  G-S  F-W  F-S 

Descriptor
a
 WallR WildR SaladR  WallR WildR SaladR  WallR WildR SaladR  WallR WildR SaladR 

SHAPE                

  1 - - -  - - -  - - -  - - 12.0
a
 

  2 6.5
a
 28.0

b
 -  4.7

a
 42.2

b
 -  13.5

a
 38.0

b
 8.0

a
  28.5

a
 33.3

a
 - 

  3 36.7
b
 4.0

a
 76.0

c
  30.9

a
 - 90.0

b
  15.6

a
 - 64.0

b
  18.9

a
 - 80.0

b
 

  4 56.7
b
 8.0

a
 24.0

a
  64.5

b
 - 10.0

a
  70.9

b
 6.0

a
 28.0

a
  52.6

b
 - 8.0

a
 

  5 - 60.0
a
 -  - 57.8

a
 -  - 56.0

a
 -  - 66.7

a
 - 

T-SHAPE                

  1 - 88.0
a
 -  - 97.8

a
 -  - 94.0

a
 -  - 95.6

a
 - 

  2 30.9
b
 12.0

a
 -  26.5

b
 2.2

a
 -  42.9

b
 4.0

a
 8.0

a
  37.9

b
 4.4

a
 - 

  3 67.3
a
 - 76.0

b
  62.3

b
 - 10.0

a
  56.7

b
 2.0

a
 84.0

c
  60.2

b
 - 32.0

a
 

  4 1.8
a
 - 24.0

b
  11.3

a
 - 90.0

b
  0.4

a
 - 8.0

a
  1.9

a
 - 68.0

b
 

M-SHAPE                

  1 - 82.0
a
 100.0

b
  0.4

a
 100.0

b
 100.0

b
  - 100.0

b
 44.0

a
  - 100.0

a
 100.0

a
 

  2 24.4
a
 18.0

a
 -  13.6

a
 - -  19.6

a
 - 22.4

a
  22.7

a
 - - 

  2.5 61.5
a
 - -  47.9

a
 - -  57.5

a
 - -  53.9

a
 - - 
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 3 14.2
a
 - -  38.1

a
 - -  22.9

a
 - 32.0

a
  23.4

a
 - - 

Different letters within row and environment indicate significant differences (P = 0.05) according to the Marascuilo procedure
 

a
SHAPE: leaf blade shape (1 = orbicular; 2 = elliptic; 3 = obovate; 4 = spatulate; 5 = lanceolate); T-SHAPE: terminal lobe shape (1 = lanceolate, wild rocket type; 2 = acute, 

salad rocket type; 3 = rounded, salad rocket type; 4 = broadly rounded, salad rocket type); M-SHAPE: margin shape (1 = entire; 2 = crenate; 2.5 = crenate-dentate; 3 = 

dentate) 
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Table S4. Percentage of categorical descriptors (%) analyzed in the eleven accessions of wall 

rocket grown under greenhouse or field conditions, during the winter and spring seasons. 

 Winter  Spring 

Descriptor
a
 Greenhouse Field  Greenhouse Field 

SHAPE      

  2 6.5
a
 13.5

b
  4.7

a
 28.5

b
 

  3 36.7
b
 15.6

a
  30.9

b
 18.9

a
 

  4 56.7
a
 70.9

b
  64.5

b
 52.6

a
 

T-SHAPE      

  2 30.9
a
 42.9

b
  26.5

a
 37.9

b
 

  3 67.3
b
 56.7

a
  62.3

a
 60.2

a
 

  4 1.8
a
 0.4

a
  11.3

b
 1.9

a
 

M-SHAPE      

  1 - -  0.4
a
 - 

  2 24.4
a
 19.6

a
  13.6

a
 22.7

b
 

  2.5 61.5
a
 57.5

a
  47.9

a
 53.9

a
 

  3 14.2
a
 22.9

b
  38.1

b
 23.4

a
 

Different letters within row and environment indicate significant differences (P = 0.05) according to the 

Marascuilo procedure
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a
SHAPE: leaf blade shape (2 = elliptic; 3 = obovate; 4 = spatulate; 5 = lanceolate); T-SHAPE: terminal lobe 

shape (2 = acute, salad rocket type; 3 = rounded, salad rocket type; 4 = broadly rounded, salad rocket type); M-

SHAPE: margin shape (1 = entire; 2 = crenate; 2.5 = crenate-dentate; 3 = dentate) 

 


