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Cultivated Brassicaceae attract a wide variety of pollinators. In both self-compatible and self-incompatible crop
species, meta-analysis indicates that seed yield (), silique set (SQS), number of siliquae/plant (NSQ), and the
number of seeds/silique (NSSQ) increase when plants are insect-pollinated compared to when there is no insect
pollination. The weight of seeds (WS), however, increased in self-incompatible species but not in self-compatible
ones as a result of insect pollination. Overall, the percentage of studies showing a positive effect of insect
pollination on yield parameters was higher in self-incompatible than in self-compatible species. It was shown that
the ability of self-compatible species to reproduce does not fully compensate for the loss of yield benefits in the

absence of insect pollination.

breeding system insect pollination pollinators yield

| 1. Introduction

Pollinators are essential in food production and plant biodiversity conservation B More than 78% of
angiosperm species are pollinator-dependent . This obligatory and facultative cross-pollination makes insect
pollination essential, or at least a positive factor, in maximizing fertilization. Brassicaceae, as most angiosperms,
are xenogamous and either require cross-pollination or can be facultatively cross-pollinated BIBIZEl \with a few
exceptions, flowers in the family Brassicaceae have four sepals, four petals diagonally disposed as a cruciform
corolla, two carpels, and six stamens arranged in a tetradynamous pattern (four longer inner ones and two shorter
outer ones) BRI Except for one species in the genus Lepidium 12, plants in the family Brassicaceae have

hermaphrodite flowers 13,

Plants in the family Brassicaceae attract a broad diversity of pollinators, including honeybees such as Apis
mellifera L. (Hymenoptera: Apidae), solitary bees, such as Andrena spp. (Hymenoptera: Andrenidae), and
hoverflies, such as Eristalis tenax L. (Diptera: Syrphidae) [EI14U15 The family Brassicaceae includes many
economically important species, some of which are widely used as vegetables, oils, condiments, or ornamental
plants 87 For example, oilseed rape Brassica napus L. subsp. napus, which is one of the most cultivated
oilseed Brassicaceae, has seen the price of its seeds rise by more than 30% in the last three years 18], To increase
crop yield and gross margins in B. napus, bee pollination can be more beneficial than pesticide applications 12!,
The potential benefit of pollination is most important in cruciferous crops in which the harvest consists of seeds and
fruits (i.e., siliquae). Among these are all oilseed Brassicaceae, the most important of which is rapeseed, also
known as canola, B. napus [29. Other cruciferous oilseed crops include field mustard Brassica rapa L. subsp.

oleifera, synonymous with Brassica campestris; Indian mustard Brassica juncea (L.) Czern.; Ethiopian mustard
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Brassica carinata A. Braun; camelina Camelina sativa L. (Crantz); radish Raphanus sativus (L.) Domin; and white
mustard Sinapis alba L. These oilseed crops can be used for oil, biofuel, and/or lubricant production [211221[23](241[25]
[261[271[28] The seeds of S. alba are used for mustard elaboration, and the siliquae of R. sativus can be used as a
vegetable (Table 1). Yield parameters in the family Brassicacae are often measured by seed yield, but other yield

parameters such as the number of siliquae/plant and seed oil content are also used [221[20[31],

Table 1. Most common use and breeding system in the cultivated crops of the family Brassicaceae included here.

In self-compatible plants, both outcrossing and selfing occurs, while in self-incompatible ones, the main breeding

system is outcrossing.

Plant

Most Common
Names

Most Common
Use

References on
Breeding System

Main Breeding
System

Brassica carinata

Leaves, seeds for

Outcrossing and

I [32[33]
A. Braun Ethiopian mustard oil selfing
Brassica juncea Brown mustard, Leaves, seeds for Outcrossing and [32[34]
(L.) Czern. Indian mustard oil selfing
. . Outcrossing and
Brassica napus L. Rapeseed, canola Seeds for oil selfingg [22](25]
Brassica oleracea  Cabbage, broccoli, Leaves, Outcrossing, self- 33]
L. cauliflower inflorescences incompatible
Brassica rapa L. Turnip, field Leaves, rooF, seeds Oqtcrossmg, self- [32][34]
mustard for oil incompatible
Camelina sativa Camelina, German Seeds for ail, Outcrossing and [32][36]
L. (Crantz) sesame leaves selfing
: . Outcrossing, self- 29]
Eruca sativa Mill. Arugula, rucola Leaves . .
incompatible
Raph ] . . [ If-
aphanus sgtlvus Radish Roots, seeds oil Oqtcrossmg, =€ [33]
(L.) Domin incompatible
L . Seeds for table Outcrossing and i
Sinapis alba L. White mustard ) . ng [32](34] ndance is
mustard, 0|[_] selfing
7 ducted to

examine the effect of insect pollination in yield parameters across the broad spectrum of cruciferous crops, nor
have there been meta-analyses examining the effects of insect pollination on yield parameters separately for self-
compatible and self-incompatible species. Self-incompatible Brassicaceae species typically have larger flowers
than self-compatible ones in order to attract pollinators, with a significantly reduced seed set in the absence of
pollinating agents (22381, Given the evolutionary advantage of selfing as a reproductive assurance when there is a
paucity of pollinators 22 insect pollination is likely to have more marked positive effects on yield parameters in

self-incompatible Brassicaceae species than in self-compatible ones.
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2. Insect Pollination Effect on Yield Parameters in Cultivated
Brassicaceae

Table 2 shows the crops for which the effect (increase, decrease, non-significant) of insect pollination on seed yield

parameters was studied in the family Brassicaceae (reports from at least seven studies).

Table 2. Publications were consulted for the main yield parameters (a total of seven or more studies found) which
were: seed yield measured as seed weight/(plant, area, or open flower) (Y); weight of seeds (1, 100, or 1000
seeds) (WS); number of siliquae/(plant or area) (NSQ); number of seeds/(silique or open flower) (NSSQ); silique
set (SQS); silique length (SQL); number of seeds/(area, plant, or branch) (NSP); seed germination (G); and oll
content of seeds (O). An increase, decrease, or neutral effect of insect pollination on yield parameters is shown in
red, blue, or green, respectively. Studies included in the meta-analysis for at least one yield parameter are marked

with two asterisks (**) in the Note column.

Plant Species Yield Parameter References Note
Y WS SQS NSQ NSSQ SQL NSP G O

B
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Plant Species Yield Parameter References Note
Y WS SQS NSQ NSSQ SQL NSP G O
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Plant Species Yield Parameter References Note
Y WS SQS NSQ NSSQ SQL NSP G O

= Non-hybrid
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Cauliflower **
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[

*%

B. rapa

(86] -

(87] -

12

g
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[92]

[%] **
e ey v g et o wie v wee -lUE€ Of the

L S S

world agriculture production devoted to human food [LI139 Other studies conducting meta-analysis have also

e

shown the benefits of insect pollination for plant reproduction and yield in crops in general 14014111142] iy the plant

species of particular natural habitats 1431, and in particular crops, such as fava bean 244l oilseed rape B4, and
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PlantSpecies Yield Parameter References Note om insect
Y WS SQS NSQ NSSQ SQL NSP G O
Q Q Q SQ and self-
[95] *k
ompatible
1961 and self-
individual
C. sativa 36) *
E. sativa 29 *
29] i \dvantage
1ost yield
M *% .
cies such
(98] [53][146 wrding the
mpensate
R. sativus 9] *
(541771 NSP and
Lol o when the
[201] NSP can
rtening of
[102]
148][149] turity can
[29]
S-afba
[103]
(140](151][152][153] variety of

pollinators attracted to flowers of cultivated Brassicaceae, honeybees, A. mellifera and other Apis spp., seem to be
the dominant reported species. However, other Apidae, such as bumblebees, mining bees (Andrenidae), sweat
bees (Hlissideshraod feyiflieswBerpiidacd idtisas comminnldernite@asepmbrivis cltiheswerepsegince A.
mellifera is often the most common floral visitor, the higher frequency of visits can make it a more effective
l-4-insectPollinatorsiof Cropsiofthe Family Brassieaceaeraniies,
such as Lepidoptera, were not among the most abundant pollinators found in the studies reviewed. However,
IERfuBL ARlingions LeP@lersioLdhest SRR ShoundeTakle S Yt dor apbinatrrarifingl! RishemhriBe
PomdRsRSHUAR1SER )pSHAART AvATEH e AIsteaRancd dBFEIIRRbA- Rl §faigehmining bees (Andrenidae).

Additional pollinators often reported for these crops are other Apidae (other than Apis spp.), such as bumblebees
BemibtsospgeSvlepbheesorsaigtigray andhaschiesaS\wivpdamaiarsBit/pacaaiotine td\Rideerend £y seftidakeutal
Brelotipus; dialisdicipeand Kitppislasder BoaksacamirSywebidaankigdaisiacasndbdeadiidaartarpBacases Surphiteas
el dtrdintione doingticatie,yadngr AnidassandsSyeeidstoion Forsaivigaens! EREEITAEARESSyrhigaedos RS U,
berbealcaise apfpMatiopus, peisgitiassiit paleoidignesiiniulbase peeraisyvidlionhe) practighesiatoniBenme s spsk
Sngesinidesr, poidofingediieradwviibingepiati poderoDiain ORRISItITS it 3pkaBab, \eher2be sesrefsiuglyig 4 0nnag
BB leUvisirefifiaiensysoniermarabisegrowihgr alusHersisilicepradicetwashighest fedrmlicioeans dais sesidrib
HpBlicasous cHierawesa pollidéivienees dthbpbeyefieiandsbor iebidelyisiyihaovesmaneationl fraisit s ddumbeg
vatipiippofiatdi e sae o UbeBiEd 10 s dughelsenst pafileationtcdelicihaverilmyert Brasiversienarasympasagute
gengisdhnimediiedpBaindupReatsuynoin 1 yunihe snsatof Rsenairsitaienno sivpniby:stigeratitapohesogiskl
denositicfligeh stgle ofisiteofrapsineeridin adlewencwas Bohgsh idBemibs, leaerstisdb&eT uSedrasdaiionary
pléiateriEst! tire ahmngaoasaandl mapiers afitnsesiuvisite geakesrsantbwineestyi pecelienivecaallimaieisctis t athalks
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Belkanse tifetibuAdanesifefayitdtdredscl9i88{&hMbe flonakbrssidcroaifenecmpssidened so T effeiyiviee pefinaiiot
tees bewrauséioiche fotihatsmutbabost BéWers less often 13, However, one or two bee flower visits may be

sufficient to achieve a full seed set in B. rapa flowers 1981109
In conclusion, it is shown that insect pollination has a positive effect on Y, SQS, NSQ, and NSSQ in both self-

Tablealiblasanct psliiztcosnpit e scaidifer tarmilyr @ras $ia ceaee dddtt exsationssidt pbllimsdorgpaiktnasidollonly. lprkde
ofctremeinls syesies), Given Amdapditiectnt theanatbs esmb. SEA)o rpdtdilitiaén (Hre) , sbikeocielad (B)|ir2adish onskze
(O)linGuacineliddea € o)or € plisiiizeeffEoty, obmieidigreaiisiesamseitiarc difpatitakesiplacie -haMiegsahidaapatikly
dhestiddev(dey, Rievaiae (1), el gimaitete(S) rvessighte dS&Y,SStratso thyidael Y SiheStmphidak 1(8Y inatuaveidaes@lj;
aochpéa el ap e sAbb re viesiolh O fan sectinpode atierasl ioBoassicacsead iz r)s, Bhaglzashfd B iz igiosh (&) rt&daad
(dilin&bsaarCApaactnfrgniGaenayspli@aelratid Kalictelaed (Ir), Nepal (N), New Zealand (NZ), Pakistan (P),
Sweden (S), United Kingdom (UK), and United States of America (US).

Number of studies reporting main pollinators in a given
Plant family
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CountriesReferences
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8. Abrol, D.P. Pollination Biology: Biodiversity Conservation and Agricultural Production; Springer:
Dordrecht, The Netherlands, 2012; ISBN 978-94-007-1941-5.

9. Hall, J.C.; Sytsma, K.J.; lltis, H.H. Phylogeny of Capparaceae and Brassicaceae Based on
Chloroplast Sequence Data. Am. J. Bot. 2002, 89, 1826-1842.
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