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Chapter 1

Biology
of Vegetables

Theodore J. K. Radovich

Introduction

Vegetables enrich and diversify the human
diet. They are the primary source of mineral
nutrients, vitamins, secondary plant metabo-
lites, and other compounds that support
human health and nutrition. Vegetables, espe-
cially roots and tubers, can also possess sig-
nificant caloric value, serving as staple crops
in many parts of the world, particularly in
the tropics. Although vegetables account for
less than 1% of the world’s plants, the ge-
netic, anatomical, and morphological diver-
sity of vegetables as a group is astounding
(Graham et al. 2006; Maynard and Hochmuth
2007). Hundreds of vegetable taxa are grown
for food in subsistence and commercial agri-
cultural systems worldwide. This chapter re-
views and explains the biology and classifica-
tion of vegetables.

Biology and Classification of
Vegetables

A primary reason for the diversity among
vegetable crops is the broad definition of the
word “vegetable” itself. Any plant part con-
sumed for food that is not a mature fruit
or seed is by definition a vegetable. These
include petioles (e.g., celery, Apium grave-

Handbook of Vegetables and Vegetable Processing. Edited
by N. K. Sinha. © 2011 Blackwell Publishing Ltd.

and Classification

olens Dulce group), entire leaves (e.g., let-
tuce, Lactuca sativa), immature fruits (e.g.,
cucumber, Cucumis sativus), roots (e.g., car-
rot, Dacus carota), and specialized structures
such as bulbs (e.g., onion, Allium cepa Cepa
group) and tubers (e.g., white potato, Solanum
tuberosum).

Further expanding this already generous
definition is the inclusion of mature fruits
that are consumed as part of a main meal
rather than dessert (e.g., tomato, Solanum ly-
copersicum). This culinary exception to the
anatomical rule was given legal precedence in
the US Supreme Court decision Nix v. Hed-
den (1893) that confirmed common usage of
“vegetable” in reference to tomato. This has
since been extended to beans and other fruits.
Even dessert melons (e.g., cantaloupe, Cu-
cumis melo Cantalupensis group), which are
fruits by every botanical, legal, and culinary
definition, are frequently “lumped” in with
vegetables because of similarities in biology
and culture that they share with their more
vegetal cousins in the Cucurbitaceae (1ltis and
Doebley 1980) (Table 1.1).

The biological diversity among vegetables
necessitates a systematic method for grouping
vegetables in order to efficiently access in-
formation and make management decisions.
Understanding the biology of vegetable crops
will aid decision making associated with pro-
duction, postharvest handling, and market-
ing. Ultimately, vegetable classification is in-
extricably linked with crop biology. Three
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Biology and Classification of Vegetables 11

Table 1.2 Definitions of selected terms relating to vegetable anatomy, biology, and classification

Term Definition

Andromonoecious Staminate and hermaphrodite flowers on same plant

Annual Plant that completes life cycle (sets seed) and dies in one year

Axillary bud Bud occurring in the leaf axil, as in Brussels’ sprouts

Berry Fruit fleshy throughout

Biennial Plant that completes life cycle (sets seed) and dies in two years

Bolt Develop inflorescence prematurely, as in lettuce and spinach

Bract Modified leaf or scale at base of flower

Bulb Bud surrounded by fleshy and papery scales attached to stem plate

Calyx Sepals or outer whorl of perianth

Carpel Individual unit of compound pistil

Caryopsis Fruit (grain) of grass, as in sweet corn

Corm Vertically oriented fleshy, solid stem at or below soil surface, e.g., taro

Cortex Storage tissues of root or stem, between epidermis and vascular tissue

Cultivar Group of cultivated plants with distinguishing characteristics that are retained when
plants are reproduced

Curd Fleshy inflorescence with flower buds undifferentiated, e.g., cauliflower

Determinant Branch stops growing at flowering

Dioecious Staminate (male) and pistillate (female) flowers on separate plants

Endocarp Inner layer of fleshy fruit wall

Endodermis Inner layer of cortex, adjacent to vascular tissue

Epidermis Thin outer layer of leaf, stem, or root

Exocarp Outermost layer (e.g., rind or skin) of fruit wall

Floret Small flower on inflorescence, e.g., artichoke

Fruit Mature ovary.

Gynoecious Producing predominantly, or only, female flowers

Indeterminant Branch continues to grow after flowering starts

Legume Single carpel fruit with two sutures, seed attached along one suture

Lenticel Raised, unsuberized dot or pore for gas exchange

Mesocarp Middle layer of pericarp or fruit wall

Locule Seed cavity of fruit. Also compartment of ovary or anther

Midrib Pronounced central vein of leaf

Monoecious Male and female flowers on same plant

Node Enlarged area on stem where buds emerge

Pedicel Stalk or stem of individual flower or floret

Peduncle Primary flower stalk of inflorescence

Pepo Cucurbit fruit, leathery or woody exocarp inseparable from endocarp

Perfect flower Flower with both male and female parts

Pericarp Fruit wall

Perennial Plants persisting for three years or more

Petiole Leaf stalk

Rhizome Horizontally oriented underground stem modified for storage, with nodes capable of
forming new roots and shoots

Scales Fleshy or dry modified leaves of a bulb

Silique Specialized fruit of Brassicaceae, with two fused carpels

Stele Central core of vascular strengthening tissue in roots and stems

Tuber Fleshy, enlarged stems occurring at end of rhizomes

basic approaches toward classification of  Allthree of the above approaches toward clas-
vegetables that are based on commonalities sification are based on some level of com-
among groups are as follows: monality in crop biology, with the precision
of classification varying from relatively low
(plant part consumed) to very high (taxo-
nomic). Table 1.2 gives definitions of selected
2. Ecological adaptation terms related to vegetable anatomy, biology
3. Taxonomy and classification.

1. Tissues and organs consumed
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Vegetable Tissues and Organs

The phenotypic diversity among vegetables
is actually based on relatively few types of
specialized cells and tissues. Dermal, ground,
and vascular tissue make up the three basic tis-
sue systems. Ultimately, the structure of these
cells and tissues determine their function.

Dermal Tissues

Epidermal cells, together with cutin and cutic-
ular waxes, make up the outer layers of leaves,
fruit, and other above-ground structures and
protect against water loss and other adverse
abiotic and biotic factors. The periderm (cork)
layer of mature roots and stems is analogous
to the epidermis, but consists of nonliving
cells supplemented with suberin. Stomatal
guard cells are epidermal cells specialized
in regulating gas exchange, and are espe-
cially dense on the abaxial surface of leaves.
Lenticels are specialized, unsuberized der-
mal structures (appearing as raised dots or
bumps) that regulate gas exchange on roots,
stems, and fruits. Trichomes and root hairs
are dermal cells with excretory, absorptive,
and other functions critical to the ecology of
vegetables.

Ground Tissues

Ground tissues are comprised of the
parenchyma, collenchyma, and scle-
renchyma. Parenchyma cells are thin-walled
cells that make up much of the ground tissues
of vegetables. Parenchyma cells often serve
to store starch and other compounds. The
cortex and pith of white potato are examples
of ground tissues dominated by parenchyma.
Collenchyma cells have alternating thin and
thick cell walls that provide flexible support
for stems, as in the strings of celery (Apium
graveolens). Sclerenchyma tissues include
sclerids and fibers with tough cell walls.
Sclerenchyma cells are typically scarce in
edible vegetable organs, but are important
components of seed coats, nut shells, and the

stony endocarps of peaches (Prunus persica)
and related fruits.

Conducting Tissues

Vascular tissues conduct water, minerals, pho-
tosynthates, and other compounds throughout
the plant. The xylem is part of the apoplast and
consists primarily of nonliving tracheids and
vessel elements. The xylem transports wa-
ter, mineral nutrients, and some organic com-
pounds, generally from the roots to leaves.
The phloem is part of the symplast, con-
sists primarily of sieve cells and compan-
ion cells, and is important in conducting sug-
ars, amino acids, and other compounds from
source (usually leaves) to sink (actively grow-
ing meristems, roots, developing fruits, and
seeds). Both xylem and phloem are supported
by parenchyma cells and fiber. Some xylem
cells (i.e., tracheids) have thickened cell walls
that contribute significantly to the structural
support of tissues.

The differentiation and variable structure
of plant tissues result in diverse functions
among the plant organs (stems, roots, and
leaves) and organ systems (e.g., fruits, flow-
ers, buds, and bulbs) consumed as vegetables.
The classification of vegetables by edible
parts has been termed “Supermarket Botany”
(Graham et al. 2006). Although broad and
not always anatomically correct, the group-
ing of commodities as leafy, fruit, and root
vegetables has value to growers, distribu-
tors, and others in the market chain be-
cause of similarities in cultural and posthar-
vest requirements within groups. In addition
to being practical, the division of vegetables
by anatomical structure highlights the im-
pressive crop improvement accomplishments
of the early agriculturalists, which both ex-
ploited and expanded the structural diversity
inherent in the plant kingdom.

Leafy Vlegetables

Leaves are the primary site of photosynthesis
in plants and are generally the most nutrient
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dense and most perishable of the vegetables.
Leaves, particularly dark green leaves, con-
tain relatively high levels of minerals (e.g.,
Fe, Mg, Ca), enzymes (protein), and sec-
ondary metabolites (e.g., carotenes and xan-
thophylls). These compounds, important to
human nutrition, are required by the plant
for light collection, electron transport, pho-
toprotection, carbon fixation, and many other
biochemical processes abundant in leaves.
Stomata are especially dense on the abaxial
surface of leaves and are the terminal point
of transpiration, which is the primary mecha-
nism for dissipating heat accumulated from
intercepting solar radiation. High stomatal
density combined with the high surface area
make leafy vegetables more susceptible to
postharvest water loss than other vegetables.
Subsequently, rapid cooling after harvest and
storage under high humidity are particularly
important postharvest procedures for leafy
vegetables (Kader 2002).

Leafy vegetables are concentrated in
the Asteraceae (Compositae), Brassicaceae
(Crucifereae), and Chenopodiaceae. Culi-
nary herbs, dominated by the Lamiaceae
(Labiatae), are also categorized as leafy veg-
etables. Other vegetables consumed primarily
for leaf structures include Impomea aquat-
ica (Convolvulaceae), celery (Apiaceae),
and Amaranthus spp. (Amaranthaceae). The
leaves of many plants grown primarily for
other organs (fruits, roots, specialized struc-
tures) are often utilized to supplement the
diet. The leaves of taro (Colocasia esculenta)
and cassava (Manihot esculenta), as well as
the young leaves and shoots of sweet potato
(Ipomea batatas) and many cucurbits (Cucur-
bitaceae) are typical examples of vegetables
in this category.

Leafy vegetables that are generally cooked
before consumption to soften texture and im-
prove flavor (e.g., mature leaves of many
Brassica spp. and Chenopodiaceae) are
sometimes classified as “greens” to differ-
entiate them from leafy vegetables that that
are consumed raw, often as salad (e.g., most
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Compositae and the very young leaves of
many Brassica). “Potherb” is used to describe
greens used in small quantity for flavoring in
cooking.

While generally softer and lighter in fla-
vor than cooking greens, salad crops vary in
their texture and flavor, and these differences
are important in differentiating among leafy
vegetables consumed raw. Examples include
textural differences among lettuce (crisphead
vs butterhead types) and variable levels of tex-
ture and pungency in species used in mesclun
mixes. Textural and flavor differences are
caused by variability in leaf structure (cuti-
cle thickness), cell type, succulence, as well
as type and quantity of phyochemicals (e.g.,
glucosinolates) present (Figure 1.1).

Root Vegetables

Root vegetables include true roots (carrot,
sweet potato and cassava) as well as special-
ized structures such as tubers, bulbs, corms
(e.g., taro), and hypocotyls (e.g., radish,
Raphanus sativus). These specialized struc-
tures are classified as root vegetables because
of their full or partial subterranean habit,
their physical proximity to true roots, and
their function as storage organs for starch
and other compounds. Most of these special-
ized structures consist primarily of stem tis-
sue, with bulbs being a notable exception.
Although significant variability in caloric
value and shelf life exists within the roots
crops, they are typically higher in calories and
less perishable than other vegetables due to
their storage function, suberized periderm or
protective skin, and high dry matter content
(Figure 1.2).

True Roots

The biology and anatomy of true root veg-
etables are exemplified by a comparison of
three important crops: carrot, sweet potato,
and cassava. All true roots consist of sec-
ondary vascular tissue arising from a cambial
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Leaf
Lettuce Lactuca sativa

Vegetative bud
Cabbage Brassica oleracea

L Leaf blade

Core—
(Stem)

Figure 1.1 Anatomy of select leafy vegetables.

layer, with phloem (cortical) tissue extend-
ing outward and xylem tissue inward. Sec-
ondary plant products are found throughout
root tissues, but many are particularly abun-
dant in the pericycle, which is closely associ-
ated with the periderm and is removed upon
peeling.

In carrot (a primary tap root), the ma-
jority of the edible portion is comprised
of sugar-storing parenchyma associated with
secondary phloem tissue. Sucrose is the dom-
inant sugar in mature roots, and roots con-
tain little starch. The tissue associated with
the secondary xylem in the center of roots
(pith) is of coarser texture and small pith is de-
sirable in commercial carrots (Rubatzky and
Yamaguchi 1997). In contrast, the majority
of the edible portions of sweet potato and
cassava are internal to the vascular ring of en-
larged secondary roots and consist of starch-
containing storage parenchyma, which sur-
round a matrix of xylem vessels. In cassava,
all cortical tissue is removed along with the
periderm (collectively, the peel) prior to cook-

Petiole
Celery Apium graveloens

Leaflets

Midrib
{petiole)

Stalk
(midrib
Heart + petiole)

ing, and a dense bundle of fibrous vascular
tissue in the center of roots is also removed
before consumption. Although the majority
of sweet potato and cassava starch is amy-
lopectin, variation in the minority quantity of
amylose affects texture of the cooked product.
Glutinous texture, stickiness, or waxiness of
the product increases with a decreasing ratio
of amylose to amylopectin.

Modified Stems

Tubers are enlarged, fleshy underground
stems that share some of the characteristics
of true roots, including development under-
ground, a suberized periderm, and starch-
storing parenchyma. The best-known veg-
etable examples of tubers are the white potato
and the yams (Dioscorea spp.).

Potato tubers form at the end of rhizomes
originating from the main stem. Recessed
buds (eyes) and leaf scars (eyebrows) on the
skin surface are conspicuous indicators that
the potato is derived from stem rather than
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Bulb
Onion Allium cepa

2] Papery scales
'y (outer leaf)
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(storage leaf)

Growing

Hypocotyl
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Potato Solanum tuberosum
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ring
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(bud)
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Taproot
Carrot Dacus carota
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Periderm

_Cortex

Periderm "~ (phloem)

1 . 1 _Cambium
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Tap root
4

A

Figure 1.2 Anatomy of select vegetables classified as “root crops.”

root tissue (Figure 1.2). In the absence of dor-
mancy or chemical inhibition, these buds will
sprout and allow for the vegetative reproduc-
tion of potato from “seed” pieces or small
whole potatoes. In contrast to potato, yam tu-
bers lack conspicuous buds, leaf scars, and
other outward signs of being derived from
stem tissue. Sprouts will form from yam tu-
bers and tuber pieces, but generate most read-
ily from the proximal end of tubers. As with
true roots, cooking quality of tubers is influ-
enced by starch type, dry matter content, and
cell size.

The swollen hypocotyl tissues of table
beet (Beta vulgaris group Crassa) and radish
(Rhaphanus sativus) are closely associated
with the taproot, and the edible portion is de-
scribed as the hypocotyl-root axis. The multi-
ple cambia and differentially pigmented vas-
cular tissues in beet result in the characteristic
banding observed in cross sections of the veg-
etable (Figure 1.2).

Corms are a third type of modified stem
grouped with the root vegetables and are ex-

emplified by taro (Colocasia esculenta) and
other members of the Araceae. Corms are
vertically oriented, apically dominant, com-
pressed starchy stem bases that initiate under-
ground, but continue to grow partially above
ground. Adventitious shoots eventually arise
from the parent corm to form secondary corms
or cormels.

Bulb vegetables, mainly in the Alliaceae,
are comprised primarily of swollen, fleshy
leaves (scales) specialized for storage of
carbohydrates and other compounds (Figure
1.2). These leaves arise in a whorl from a
compressed conical stem called a basal plate.
Dry, papery scales of the bulb exterior protect
the bulb.

Fruit Vegetables

Fruit vegetables are concentrated in the Sola-
naceae, Cucurbitaceae, and Fabaceae, but
occur in other families as well. Large fruited
annual vegetables of the Cucurbitaceae and
Solanaceae are generally warm- and
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Figure 1.3 Anatomy of select vegetables composed of fruits and fruiting bodies (mushroom).

hot-season crops because their wild progen-
itors evolved in tropical and subtropical lati-
tudes where growing seasons are long enough
to produce enough vegetative growth to sup-
port large fruits in a single year (see ecolog-
ical adaptation below). Other vegetables in
this group are okra (Abelmochus esculentus)
and Phaseolus spp. Intensive selection has
since resulted in early cultivars of most fruit-
ing vegetables that will produce fruit in the
short growing periods of northern latitudes.
Among the commercial vegetables, sim-
ple fruits dominate. Berry, pepo, and legume
are the characteristic fruit types of the
Solanaceae, Cucurbitaceae, and Fabaceae,
respectively. Specialized pods produced by
okra (capsule) and the Brassicaceae and

Morigaceae (silique) are dry and at least par-
tially dehiscent at maturity but are consumed
immature green, while still succulent. Each
kernel on an ear of corn is a simple indehis-
cent fruit (caryopsis) (Figure 1.3).

In many fruit vegetables, the whole fruit
is edible although not necessarily consumed.
In tomato, eggplant (Solanum melogenay), cu-
cumber, and other vegetables, the entire peri-
carp along with placenta and other tissue is
consumed. These vegetables may be peeled
to soften texture and lighten flavor by re-
moving toughened dermal cells as well as
cutin, waxes, and other secondary metabolites
that are associated with organ protection, and
which are concentrated in the epidermis and
outer pericarp (exocarp). Immature fruit of



P1: SFK/UKS

c01

P2: SFK
BLBS063-Sinha

September 8, 2010 10:6 Trim: 246mmx 189mm

bittermelon (Momordica charantia) may also
be peeled to reduce bitterness caused by mo-
mordicosides and other compounds concen-
trated in the outer pericarp, while the tough
endocarp and spongy placenta of bittermelon
are discarded along with the seeds. The edible
portion of mature Cucurbita fruit is pericarp
tissue. In Cucumis melo (e.g., cantaloupe and
muskmelon) the most internal portions of the
pericarp (endocarp and mesocarp) are eaten,
with the leathery rind (exocarp and some
mesocarp) discarded. In watermelon (Citrul-
lus lanatnus) the rind includes much of the
pericarp, with placental tissue making up a
substantial portion of what is consumed, al-
though succulent parts of the rind can be pick-
led and otherwise prepared.

Other Vegetables

Other vegetables that are comprised primar-
ily of stem material include stem lettuce
(Lactuca sativa), kohlrabi (Brassica oler-
acea Gongyloides group), asparagus (Aspara-
gus officinalis), bamboo shoot (Poaceae),
and heart-of-palm (Araceae). Also, flow-
ers of many plant taxa are consumed ei-
ther raw or cooked. Important vegetables
comprised of floral structures include broc-
coli and globe artichoke (Cynara scolymus)
(Figure 1.4).

Ecological Adaptation of
Vegetables

The environmental optima (e.g., temperature,
light, and soil moisture) of vegetable crops
will depend greatly on the center of origin of
their wild progenitors. For example, vegeta-
bles whose center of origin lies in the tropics
are often generally classified as warm-season,
short-day plants. In contrast, crops with tem-
perate origins are often considered cool-
season, long-day plants. Our need for food
and fiber has resulted in strong, artifi-
cial selection pressure for broad adaptabil-
ity in many vegetables crops (Wien 1997;
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Sung et al. 2008). Nevertheless, many veg-
etables can be grouped with regard to
their environmental requirements, and knowl-
edge of these requirements is critical for
crop managers to make effective decisions
(Table 1.3).

Temperature

Classification of vegetable crops by temper-
ature is based on three sets of values, or car-
dinal temperatures, that describe the mini-
mum, maximum, and optimum temperature
ranges for crop growth. Minimum and max-
imum temperatures represent the limits at
which growth and development are thought
to stop or at least slow to a negligible rate,
while plant growth and normal development
are most rapid within the optimum tempera-
ture range. Krug (1997) stratifies the simple
classification of “warm” and ‘“cool” season
crops to account for subtle but significant
differences in cardinal temperatures. For ex-
ample, the effective growth range for hot-
season crops does not include temperatures
as low as the minima for warm-season crops,
while heat-tolerant cool crops have tempera-
ture maxima that exceed those of other cool-
season crops (Figure 1.4).

A practical application resulting from the
dominant influence of temperature on veg-
etable crop biology is the use of a heat unit
system (or temperature sum concept) to pre-
dict plant growth. The most simple and oft-
cited example is that used to predict harvest
dates for corn. Daily heat units (HU) accu-
mulated are often calculated using the equa-
tion HU = 3 (Tave — Thase), Where Ty, is
the average daily temperature and Ty, iS
the minimum temperature for the crop, below
which no growth is expected. Cool-season
crops grown during the summer in temperate
zones will frequently be exposed to supraop-
timal temperatures, and HU calculations must
account for the negative effect of high temper-
atures on crop growth. In head cabbage, HU
calculations using upper and lower threshold
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Inflorescence

Broccoli Brassica oleracea Italica group

(Iromllfhead

Bead
(flower bud)

Flower bud

Stem (peduncle)

Artichoke Cynara scolymus

Heart
(receptacle)

. Bud
(capitulum)

Figure 1.4 Anatomy of select vegetables composed of flowers and associated structures. Asterisk (*) indicates
“floret” used as an industry designation for individual branches of inflorescence in broccoli.

temperatures of 21 and 0°C have been used
effectively to explain seasonal variability in
head size and weight (Radovich et al. 2004;
Figure 1.5). If the daily maximum tempera-
ture (Tmax) falls below the upper threshold,
then HU are calculated as described above
for corn. If T, exceeds 21°C, then an in-
termediate cutoff method is employed, where
HU = [(Tmin + 21)/2)] = [(Tmax — 21) * 2].
Using this cutoff method, HU = 0 when
Tmax > 30°C.

Unfortunately, single factor models such
as HU are not adequate to predict all develop-
mental events. In the cabbage example above,
variation in HU fails to explain year-to-year
variability in head density. Similarly, while
estimation of head density changes in lettuce
is improved by the inclusion of light intensity
into the HU equation (i.e., photothermal
units), the inclusion of an additional factor is
not adequate to satisfactorily predict density
changes (Jenni and Bourgeois 2008). This



September 8, 2010 10:6 Trim: 246mmx 189mm

Biology and Classification of Vegetables 19

Table 1.3 Classification of vegetables based on lifecycle, temperature growth requirements, and

photoperiodicity

Classification Examples

Life cycle
Perennial
Biennial
Annual

Hot (18-35°C)
Warm (12-35°C)
Cool (heat tolerant) (7-30°C)

Cool (7-25°C)
Photoperiod
Short day

Day neutral
Long day

Asparagus officinale, Capsicum spp., Ipomea batatas, Solanum sp.
Beta vulgaris, Brassica oleracea Capitata group, Dacus carota
Spinacia oleracea, Cucurbita spp., Brassica oleracea Italica group

Temperature demand* (temperature range for effective growth)

Abelmochus esculentus, Citrullus lanatus, Capsicum chinense

Cucumis sativus, Cucurbita spp., Zea mays, Capsicum annuum

Colocasia escultenta, Allium spp., Cynara scolymus, Brassica rapa L.
Chinensis group

Brassica oleracea, Raphanus sativus, Latuca sativa, Solanum tuberosm

Amaranthus spp., Pachyrhizus erosus, Solanum tuberosum
Solanum lycopersicum, Phaseolus spp., Cucurbita spp.
Allium cepa Cepa group, Spinacia oleracea

Source: After Pierce (1987).
*After Krug (1997).

highlights the potentially complex relation-
ship between ontogeny and environmental
factors.

While heat drives vegetative growth in
most vegetables, a certain number of cold
units (time of exposure to temperatures be-
low some critical minimum) are required to
initiate flowering in many temperate biennial
vegetables. This phenomenon, termed vernal-
ization, is exhibited by Brassica, beets, and
other vegetables. In crops that are insensi-
tive to photoperiod, cold units may be cal-
culated similarly as described above, while
photothermal units are employed for photope-
riodic crops.

Light

All plants require light for photosynthesis.
While a degree of shading will improve the
growth of some vegetables, this is often a tem-
perature response to cooling resulting from
reduced solar radiation. Similarly, while the
quality (i.e., wavelength) of light significantly
affects crop phenology, light quantity (inten-
sity and daylength) generally impacts veg-
etable crops in a similar manner. However,
crops often differ substantially in their re-
sponse to photoperiod.

As a rule, plants exhibit some sensitivity
to photoperiod in their development, partic-
ularly with regard to flowering and storage
organ development (Waycott 1995; Martinez-
Garcia et al. 2002). As mentioned previously,
tropical and temperate crops are frequently
considered short- and long-day plants respec-
tively, although the actual stimulus is the
duration of the dark period and day neu-
tral cultivars have been developed for many
crops. Short-day crops include yam bean,
cowpea, sweet potato, and potato. Onion,
lettuce, and spinach are examples of long-
day vegetables (Mettananda and Fordham
1997).

Taxonomy of Vegetables

Botanical classification is the most precise
and ultimately most useful method of orga-
nizing plants by biological commonality. The
vast majority of vegetables are Angiosperms
(subclass Monocotyledons and Dicotyledons)
in the division Spermophyta. The Tallophyta
(algae and fungi) are also important.

The broadest taxonomic grouping rele-
vant to vegetable production and management
is the Family. Similarities in structure and
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Figure 1.5 Relationship between growing degree-days and head traits of cabbage (Brassica oleracea Capitata
group) grown in 2001 (full symbols) and 2002 (open symbols) at the Ohio Agricultural Research and Development
Center. Treatment means of cultivars “Bravo,” “Bronco,” and “Transam,” are represented by circles, squares,

and triangles, respectively (from Radovich et al. 2004).

adaptation among plants within Families are
generally conspicuous enough to be useful
in olericulture. For example, ecological and
physiological differences among Families are
often adequate enough to be resistant to many
of each other’s specific pathogens. A practi-
cal application of this by crop managers is to
avoid successive planting of crops from the
same Family when designing vegetable rota-
tions in production.

Subordinate to the Family is Genus, fol-
lowed by the species designation. Members of
a species are usually genetically isolated from
those of other species, and can freely inter-
breed with individuals from the same species.
Biological differences tend to be minor below
the species level, but infraspecific variability
in vegetable morphology and ecological adap-
tation is relevant enough to warrant further
classification.



P1: SFK/UKS

c01

P2: SFK
BLBS063-Sinha

September 8, 2010 10:6 Trim: 246mmx 189mm

Significant confusion and a lack of con-
sistency in vegetable nomenclature at the
subspecific level centers around three terms:
subspecies, varietas, and group. All are cate-
gories of vegetables sharing distinct features
of functional relevance and have been used
interchangeably. Subspecies and varietas are
botanical terms, while group is used exclu-
sively by horticulturalists. The differences be-
tween subspecies (ssp.) and varietas (also
variety, var.) have been recognized as sub-
tle but distinct, with the latter subordinate
to the former (Kapadia 1963). However, by
current convention, the terms are used inter-
changeably, with ssp. more frequently used in
Europe and var. more common in the United
States (Hamilton and Reichard 1992). Char-
acteristics that distinguish ssp. and var. are
expected to go beyond the morphological and
have geographic, ecologic, or evolutionary in-
tegrity (Hamilton and Reichard 1992; Peralta
and Spooner 2001). In contrast, horticultural
groups may be defined exclusively by func-
tional similarities in morphology, as governed
by the International Code of Nomenclature
for Cultivated Plants (ICNCP or Cultivated
Plant Code) (Brickell et al. 2004).

Botanical precedence has been cited for
preferential use of “variety” over “group” in
infraspecific classification (Kays and Silva
Dias 1996). However, botanical classifica-
tion is dynamic and botanical variety status
may change. Also, while botanical varieties
of cultivated plants by definition qualify for
status as horticultural groups, the reverse is
not true. Consequently, variety is used for
one species and group for another in some
texts, and important authors differ in their
use of variety and group for the same vegeta-
bles (Rubatzky and Yamaguchi 1997; May-
nard and Hochmuth 2007). This inconsistent
usage can easily lead to confusion. There-
fore, this author proposes that “group” be
used in lieu of “variety” (if not “subspecies”)
as a consistent, inclusive, and uniquely hor-
ticultural term to describe subspecific cate-
gories of vegetables sharing distinct features
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of functional relevance. The vegetables of
Brassica oleracea, including broccoli (Italica
group), kohlrabi (Gongylodes group), Brus-
sels sprouts (Gemmifera group), head cab-
bage (Capitata group), and collards (Acephala
group) are well-known examples.

The cultivated variety (cultivar, cv.) is sub-
ordinate to the group classification, and is
used to distinguish plants with one or more
defining characteristics. Although the term
variety is sometimes used in lieu of culti-
var, cultivar should not be confused with the
botanical variety (varietas, var.) as described
above. To qualify for cultivar status, distin-
guishing characteristics must be preserved
when plants are reproduced.

Although not preferred, the term “strain” is
sometimes used for vegetables derived from
a well-known cultivar, but with minor differ-
ences in form. “Clone” is used to describe
genetically uniform plants vegetatively prop-
agated from a single individual. The term
“line” generally refers to inbred, sexually
propagated individuals.

Writing Nomenclature

As with other organisms, the Latin binomial
of vegetables is written in italics, with the
first letter of the generic name capitalized
and the specific name in lowercase letters.
Current convention is to use single quotation
marks to indicate cultivar status, e.g., Phase-
olus vulgaris ‘Manoa Wonder’, while use of
cv. preceding the cultivar name is considered
obsolete (Brickell et al. 2004). As a desig-
nation, the word “group” may either precede
or follow the group name, and is listed in
parentheses prior to the cultivar name, e.g.,
Brassica oleracea (Capitata group) “Bravo.”
The name of the person (authority) who first
described the taxon may also be included
in the complete name. For example, Cucur-
bita moschata Duchesne indicates that the
species was named by Duchesne, while Cu-
curbita moschata (Duchesne) Poir indicates
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that credit for the naming is given to Duch-
esne in Poir (Paris 2000).
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