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Abstract

Pre-release treatments have long been neglected in plant translocation science, altheughdespite

being -ef crucial mpertanee—for reintroduction success. Practitioners sometimes adopt
acclimation and hardeningpre-treatment to reduce environmentally-mediated shocks at the recipient site,

although the effects of these techniques are unclear. Iadeed;—+tThe conditions experienced
during the-cultivation phase-may affect the performance of plants once released, but alse—ef
the offspring via transgenerational effects. Bireet-The influence of cultivation environment and

the-transgenerational maternal effects produeed—byfrom fertilizer and salt addition treatments on post-

release performance
were investigated on pest-release-performanees-of-Kosteletzkya pentacarpos, a threatened

plant species growing in coastal wetlands. Two experimental translocation  sites,
representing the opposite ends of the ecological range of K. pentacarpos were chosen, One was: a

nutrient-rich, freshwater site and the other was a nutrient-poor, brackish water site. SakThe salt
addition had
negligible effects on performance, while fertilization positively affected the vegetative andreproductive

performance of maternalether plants; with—durable—effeets—throughout the growing season.

However, hardeningpre-treatment effects were mostre evident at the site—charaeterized-by—the-highest
nutrient eententsite, suggesting that hardeningpre-treatment could be connected to memory in plants. No

transgenerational maternal effects were observed. Overall, results show that hardeningpre-treatment can
increase the chances of survival and improve the performance of translocated plants at

recipient site.
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1
2
3
4 .
5 1. Introduction
6
7
8 Plant translocations are increasingly used to conserve species threatened with
9
10 eExtinction_:
(Seddon,
1 Armstrong, & Maloney, 2007; Maschinski & Haskins, 2012; Abeli & Dixon, 2016).
13 Several plant translocations have been performed worldwide (Godefroid et al., 2011;
14
15 Dalrymple, Banks, Stewart, & Pullin, 2012), but still mest-many efthem—weare
unsuccessful
17 (Godefroid et al., 2011). The primary objective of a translocation aeties-is the restoration of
18
19 long-term viability ef-within target populations (IUCN, 2013;- Rossi, Amosso, Orsenigo, &
Abeli,
20 2013). Reasons—forfailure—are—manifold,—but kKnowledge of ecological and
21 biological
22 requirements of the species and selection of ecologically suitable translocation sites can
23
24 reduce the failure rate (Abeli & Dixon, 2016 and references therein). However, knowledge
2—5 7

of -biology—and—ecology—is—peor -for- many plant— species, —we still know very little, ~— «_

whieh—kmphes—tha{hence most
translocation projects will have to proceed enthe-basis-efwith partial or incomplete

28 information
29 (Falk, Millar, & Olwell, 1996; Godefroid et al., 2011} —petentialyleading—to—vain
30

3+————~conservation—efforts). When there is limited-few -data -are- available for a target species,*
experimental
32

33 translocation can help to identify suitable release sites characteristics and appropriate

reintroduction

34

35 techniques direeted—to improve the—suecess—of-the—aetionestablishment. Since several
years of monitoring may be

36 necessary to reveal-determine the outcome of a translocation action, inadequate

37 planning and

38 preparation can seriously compromise long-term efforts (Drayton & Primack,2012).

39

40 The existing literature on plant translocations basieally-focuses on post-translocation

41

42 outcome (Colas et al., 2008; Alonso et al., 2014), but issues related to pre-release phases

43 can alse-be-ef crucial impertanee—for translocation success (Godefroid et al., 2016). The

48 selection of appropriate source plant material and its genetic diversity is one of the aspects
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47 that are receiving more attention in reintroduction science (see Crawford & Whitney, 2011;
48

49— Breed et al, 2013; Herman et al. 2014; Basey, Fant, & Kramer, 2015). Additionally;

5049 tIranslocations often go through a phase of ex sifu propagules conservation (e.g., in seed<+- -

83
53
54
the -ex situ
55

56 conservation and propagation phase are-is the maintenance of adequate genetic variation
and

bank; Maxted & Guarino, 2003; Hoban & Schlarbaum, 2014), plant propagation and

cultivation,- that-which may strongly affect- translocation outcome. MA major- issues- in-
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1

2

3

g the avoidance of genetic drift due to limited source material (Basey, Fant & Kramer, 2015;

6 Ensslin, Tschope, Burkart, & Joshi, 2015), even if seed collection aims to maximize sample

7

8 genetic variation (ENSCONET, 2009). For- example, plants cultivated ex situ (e.g.,

9

10 cultivation in botanical gardens), exhibit lower genetic variation than natural populations

1 and this variation decreases with increasing duration ef—thein ex sifu cultivation (Ensslin,

12 Sandner, & Matthies, 2011). Another important aspect is that nursery conditions are

14

15 unaveidably—different- from -the- natural envirenmental—conditions- of at—the- recipient sites (e.g.,
16

17 cultivation in greenhouses; Atkinson & Lacroix, 2013), but this issue_has received less attention

18

19 (Dumroese, Kasten Luna, & Landis, 2009). The strenger-larger the difference in ecological
20 conditions between cultivation site and recipient site, the greater the potentially negative

NDO
N

impact ef-the-envirenment-on survival and fitness of the translocated plants (Dumroese,

-«

<’\
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23
24 Kasten Luna, & Landis, 2009). To reduce environmentally-mediated shocks, practitioners
25
26 often adopt acclimation_techniques -and-(hardening)-techniques prior to relocating ex situ propagules to
27 the recipient site. These include gradual acclimation to external temperatures fror—plant
% 29 grown-in-am greenhouse to outdoor (Atkinson & Lacroix, 2013), reduction in water availability, reduced
et
- 3
3%+—fertilization_and; decreased or increased shading, and even salt addition (this paper))—and-so-on
(Vallee et al., 2004; Jacobs &_
32
33— Landis, 2009).
34
35 However, the environmental conditions experienced during the cultivation phase
36— may have multi-generation affect, such that the performance of the offspring predueed-by-theof cultivated
37 o ;
plants eriginathy-eultivated-ex
— 3% it (hence tencan be impacted
- 39
36 40—(heneeforth;-offspring)-via transgenerational maternal effects (Saarinen, Lundell, Aastrom,
ar—
42— & Hénninen, 2011; Gesch et al., 2016). Environmentally induced Eor—example,—mMaternal effects
Licited—byet
4342 environmental-conditions—experienced—by—mother—plants- are known to modify several
48 offspring plant traits, such as biomass (Kou et al., 2011), fruit and seed production (Whittle,
46
47 Otto, Johnston, & Krochko, 2009), seed germination and longevity (Galloway, 2005;
48
49 Mondoni et al., 2014), thus increasing or decreasing the fitness of offspring. Recently, Caiio
50 et al. (2016) demonstrated that moderate salt stress in the maternal environment influences
gg the performance of the invasive species Baccharis halimifolia L. Hence, transgenerationalmaternal
57
58
59
60
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BAOWON -

success, and long-term maternal effect have been se—far-overlooked in the scientific
?iterature despite the important

6 implications thatmaternal-effeetsthey may have in translocated populations derived from ex
Situ

7

g cultivation.

10 This paper reports on experimental translocation (i.e. reinforcement) of seashore
41@ mallow [Kosteletzkya pentacarpos (L.) Ledeb.], a threatened plant species growing in

coastal wetlands, with a speeifie-focus on the pre-translocation effects of pre-transloeation-
fertilizer and salt

15 addition treatments_on successful establishment. Seashore mallow plants-were planted in two
recipient sites-i-the—wild,

16

17 characterized by nutrient-rich freshwater and nutrient-poor brackish water, respectively. A
18

19 previous study, aiming to define appropriate ex situ cultivation protocols for seashore
20 mallow, demonstrated that fertilizer application generates a trade-off between parental plant
2 growth and seed performance, the former being enhanced and the latter being reduced by
23

24 fertilizer application while salt application has no effects either on growth or on seed
25

26 performance (Abeli et al., 2017). The aim of this study was to evaluate the direct influence
27 of cultivation environment and the transgenerational maternal effects produced by fertilizer
2 and salt addition treatments on the performance of seashore mallow subjeeted—
toin

30

31 experimental translocations. In particular, two main-outstanding questions were addressed:
32

33 1. H—and+tTo what extent, if at all.;— does the pre-treatments applied during—ex—situ-
cultivation direetly

34

as——enhanced the performance of the plants released in the recipient sites-through-hardening
es) effeets. 2. H,—andtTo what extent, if at all, does the pre-treatments applied to

37 methermaternal plants affected

38 indireethy-the performance of non-treated offspring via transgenerational-maternal effects.
39

40 Answers to these questions are expected to increase the success of restoration aetions—based
41

42 enfor this species, which that-is important for the rehabilitation of salinized lands
(Flowers, 2004)

42 and as-a crop species in saline agricultural systems (Ruan et al., 2008), but also
44 outside its

45
46

native range.
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2. Material and Methods

2.1. Study species
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1

2

3

g Seashore mallow is a perennial halophytic herb belonging to Malvaceae. The

6 species is listed both in the 92/43/CEE ‘Habitat’ Directive (Annex II) and in the Bern

7

8 Convention (Annex I) and is eensidered-classified threatened-with-extinetion-in Italy as  ‘critically
endangered’ and in Europe,

9

10— —where—seashore—mallowas—is—elassified—as—eritically—endangered™—and ‘vulnerable’;

14110 respeetively (Rossi et al., 2016; Bilz, Kell, Maxted, & Lansdown, 2011). Seashore mallow

13 grows in brackish to saline, nutrient-rich habitats. This species occurs in coastal wetlands,

14

15 river deltas and estuaries of southeastern USA, Western Asia and Southern Europe (Pino &

16

17 De Roa, 2007; Ercole et al., 2013). However, its distribution range is strongly shrinking in

18

19 Europe, and-especially in Italy. At the beginning of the Twentieth century seashore mallow

20 populations were found in six Italian regions. In 2005, its eecurrenee-was restricted to three

2 regions, and- Newadays,—seashore—mallowcurrently is—pepulations—are -documented in only two regions,
23

24 Veneto and Emilia-Romagna, within the Po river delta area (Ercole et al.,2013).

25

26 Fhe-biological-eyele-ofsSeashore mallow_growing season starts in May and ends in late October —
27 early November. Several shoots developing from rhizomes in late July preduee-producing many feven
%2 29 50)-solitary pink flowers that eventaally-produeedevelop into a capsule with five seeds. The seeds are
31 equipped with air sacs that ensure flotation (Poljakoff-Mayber, Somers, Werker, &

32

33 33— QGallagher, 1992), while waterproof teguments allow the preservation efthe-seeds-even in
34

35 saline habitats. However, seed vitality is often jeopardized by parasites, especially insects responsible for
seed abortion

32& (eg. Oxycarenus lavaterae Fabricius 1787;res
on the seed surface (Monés, 1998). Seashore mallow does not preseant—reproduce via vegetative

39

40 reproduction.

41

42

22 2.2. Study area and translocation protocol

45

46

49 47  The experimental translocations ef-seashore—mallow—waswere carried out_at +Bosco della Mesola
Northern

Italy,-in the-a nature_

481
80  [fReserve, and and Site of Community Importance (IT4060015), Besee-della-MeselasNesthery

51 Halsy=(44°, 50’ N, 12° 15’ E, 1088 ha, 0-2.8 m above sea level, Fig. 1) The study area lies

gg on a dune system formed-consisting of sand-dunes and dune-slacks with North-South orientation (Fig.

57

58

59

60
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54 1). Bosco della Mesola is the main locality of seashore mallow in Emilia-Romagna, where
55

56 the presence of seashore mallow was last confirmed in 2014 after-along period-without-any
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27
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29
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31

lagoon,
32
33

34

35
36
37

38
had been

39
40

Ferrara with a
41

42

nature reserve.
The experimental translocation was carried out at two sites within Bosco della

Agquatic Conservation: Marine and Freshwater Ecosystems

report—(L. Brancaleoni, unpublished). Beseo—della—MeselaThe site is mostly

woodlands, representing—a remnant of ancient coastal forests that have almost totally
disappeared in the North-Adriatic coastal region (Gerdol, Ferrari, & Piccoli, 1985). This

area is newadays-located in a reclaimed territory equipped with a dense network of canals
supplying freshwater to the forest ecosystem. The south-eastern peripheral sector is in.a

hydraulic eentinuity-continuum with—theleading to brackish water efin a a-nearby lagoon
and—is—therefore-covered

with halophytic vegetation. The entire coastal area in this region is subjected to subsidence

which determines increasing levels of salt-water ingression towards the inner part of the

Mesola (Fig. 1). The two sites were chosen because they represent opposite ends of the
ecological range of seashore mallow. The first site (Elciola) is located in a permanent 7-ha

lentic pond fed with nutrient-rich freshwater inflow from the canals. Consequently, the
Elciola pond mainly depends on the hydraulic management of the canals se-hence theat

of salt water from the lagoon is everall-peerlow. The second site (Goara) is located in

south-eastern saltmarshes, which—Fhis-site is naturally fed with brackish water from the

with-and no hydraulic control. The water at Goara hais poorer- nutrients content
compared with Elciola

because a dense fringe of reeds effectively filter the nutrients dissolved in the lagoon water.

Seashore mallow plants effrom two generations (methermaternal plants and
offspring) were used

for the translocation experiment in 2015. The year before, the methermaternal plants

subjected-to—experimental-cultivatedien in the Botanical Garden of the University of

under—factorial combination of three levels of salt addition (none (0S), low (LS) and

http://mc.manuscriptcentral.com/aqc
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Z

49 seeds collected from methermaternal plants but received no further treatment. The 1-yr old
mothermaternal

50 plants sprouted from rhizomes and the germinated offspring seedlings were pre-cultivated

gg for about 1 month at the Botanical Garden in pots containing a commercial soil mixture of

54 perlite and peat with no fertilizer or salt(Terflor s.r.l., Capriolo, Brescia, Italy). At

the end of the pre-cultivation_
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to the two sites. Each plant was tagged and randomly placed in the ground in a 100 x 25 m
area at each of the two sites. Fhere—wereThis represented five replicated plants per—for each of the

treatment ceombinations-efthe-previous-treatments. Although salt addition and fertilizer addition were

actually performed prior to the experimental translocation, we will henceforth use the terms
fertilization and salt addition for brevity.

2.3. Response variables

Environmental support data

Data on air temperature and precipitation were obtained from a weather station,

located about 1 km apart from the study sites (Bosco Mesola). Soil temperature was
recorded continuously by two data loggers (Hobo, Onset Bourne, MA, USA) placed 5 cm

belowground at each of the two sites. Water-table depth was measured on seven days
during the growing period. Water-table measurements were taken manually in a graduated

PVC pipe placed into the soil at each of the two sites.
Five soil samples were collected from the top 5-cm layer at each of the two sites,
using a stainless steel eylindriecylindrical corer (inner diameter 6.6 cm). The soil samples were earried taken

to the laboratory, and stored in a refrigerator for 3-4 days before the analyses. Soil pH was
measured in aqueous 1 : 20 (vol/vol) solutions with a pH-meter (Hanna Edge, Villafranca

Padovana, Italy). Salinity and electrical conductivity were measured in the same solutions
with a conductivity-meter (Crison CM 35, L’Hospitalet de Llobregat, Spain).

About 50 mg of fresh soil was analyzed colorimetrically for available dissolved
nutrients using a micro flow automated continuous-flow analyzer (Systea Flowsys, Anagni,

Italy). Concentration of extractable ammonium was determined at 690 nm wavelength, on
6% KCI digests. Concentration of extractable nitrate was determined at 420 nm
wavelength, on distilled water digests. Concentration of extractable phosphate was

determined at 700 nm wavelength, on digests obtained using the Truog’s solution (Allen,
1989).

http://mc.manuscriptcentral.com/aqc
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1

2

3

g Vegetative growth and reproductive performance

6

7

g The two sites were surveyed at about 20-day intervals during the growing period (4
10 June to 20 October) for acquiring data on vegetative growth and reproductive performance.
11 Plant height and plant diameter were measured several times during the growing period
13 using a measuring tape and a manual caliper, respectively. The diameter was measured at
14

15 the first (lowest) node—On-the-same-oceasions;, as well as the number of branches oin each
plant.-were

16

1; also—counted—From 7 August to 20 October, plant senescence was visually assessed
19 according to the BBCH phenology scale (BBCH 90-99) that records senescence based on
20 leaf abscission (Meier, 2001). Three times during the growing period net CO, exchange
2 rates was determined in three to five seund—healthy leaves from one individual plant
for each

23

24 treatment. Net-The net CO; exchange was measured with-using an open infrared gas
analysis system

25

26 (LCA-4, ADC BioScientific LTD, UK) by enclosing the leaves in a broad-type- leaf
27 chamber. All measurements were made at saturating photon flux density (>1000 pmol
2 photons m? s™) and about 30 °C air temperature. From 17 July to 1 October
30

31 presence/absence of flowers on each plant was visually assessed. The duration of the
32

33 blossoming period was also recorded for each plant. From 17 July to 20 October the total
34

35 number of fruits on each plant were counted.

36

37

38

39

40 2.4. Statistics

41

42

ﬁ The data on soil chemistry were statistieally—analyzed by—using one-way
ANOVAs, while the-

45 Growth-in-height, and-diameter, branching and fruit production were all-were-statistically
analyzed

46

47 by-using a four-way factorial ANOVAs with site, generation salt addition and fertilizer additton:~ {Formatted: Right: -0.35"
as

48

49 fixed factors. Duration of senescence was assessed through linear regressions of
50 51 phenophas
57

58

59

60
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es 90-99 against time. The periodic data on net CO> exchange were-statisticall
analyzed by repeated-measures four-way ANOVAs with site, generation, salt addition and

fertilizer addition as between-subject factors and time as within-subject factor.

Homogeneity of variance was tested, whenever appropriate, by Levene’s tests. The data
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1
2
3
g were log-transformed when the homoscedasticity assumption was violated. Significance of
6 differences between treatments were assessed by Fisher’s post-hoc LSD tests. All ANOVA
7
8 computations and regressions were carried out using the package Statistica 7.0 (StatSoft©;
9
10 Version 7; StatSoft Inc., Tulsa, OK, USA).
11
12
13 3. Results
14
15
16
17 3.1.Environmental data
18
19
g? During the growing period, the mean air temperature and total precipitation were 20.5
22 ° : : g g _ - | Comment [A1]: What would be useful to
2 C and 124 mm, respectively (Fig. S1). The [first part of the growing period fwas hot and ) {kmw T [ vl ol e ml}
- 24 24—dry, with mean monthly air temperature of 27.3 °C in July. Afterwards;—air-Ttemperature <+~ —  Formatted: Numbered + Level: 1 +
. . . . e Numbering Style: 1, 2, 3, ... + Start at: 24 +
gg—graduglly Qecreased over the growing season with and-several- increasing precipitation events, eecurred- AIignment:g Lefyt + Aligned at: 1" + Indent
especially in late September_ at 1.25"
gﬁ apgi October (Fig. S1). ,591,1‘ ,tQmpﬁzazu,reﬁ,sylgs}@npallx ml,‘rrp,rqd,.tb@ air temperature grgn,d ,,,,,,,,,,, - { Formatted: Font: 12 pt )
2 (Figs. S1 and S2). Mean soil temperature during the growing period was somewhat higher \{Formatte d: Indent. Hanging: 107", Space
31 at Elciola (23.4 °C) compared with Goara (22.4 °C). Before: 0 pt, Line spacing: Exactly 13.25
32
33 The water table fluctuated during the growing period, with a-seasenally-contrasting
34
% trends at the two sites, i#elose—relationshipassociated with hydraulic management. At _the beginning of the
growing period -beth-sites—the
% the water-table depth was positive_for both, i.e. the soil was flooded —at-the-beginningof-the-growing
3 pertod—(Fig—2)however: Subseguentlyas the growing season progressed, the water table dropped below
the-ground level at Goara
39
40 whereas—the-setlbut was-stilremained flooded at Elciola—, and At-by the end ef-thegrowingperiod-the
water
a1
42 table rose at Goara but sank eensiderably at Elciola (Fig. 2). The soil was weakly acidic at
43 both sites, with mean pH of about 5.9. The soil at Elciola was richer in nutrients, although
48 only nitrate concentration was significantly higher than at Goara. In contrast, salinity and
46
:; electrical conductivity were both significantly higher at Goara (Table 1). [ Formatted: Indent: Left: 0.11", First line:
/ 0"
53 )
2‘5‘ HGrewth-in-height and grewth-in-diameter were-was beth-significantly affeeted-different «
6 by site,
57
58
59
60
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1

2

3

g motherPlant were taller and wider at overall at Elcolia, and Maternal plants srew-merewere

bigger than offspring at both sites-and-growth-performance-was-overall-better-atEleiola.

6 Growth—was—stimulated—by—fFertilization during cultivation,- especially at high

concentration—, produced bigger plants, hHowever, the

7

8 after-effeets—of fertilization—it was weremore effective on methermaternal plants enly—

(Fig. 3), as shown by

9

10 significant generation x fertilizer interactions (Table 2). Branching-alse was -greatestr
in

11 methermaternal plants at the Elciola site, but was unaffected by fertilization (Table 2, Fig.3).

13 Net CO, exchange rates were overall higher in methermaternal plants (Fig. 4). ,

Net CO

14

15 exchange rates differed-mueh more between the twe-generationsoffspring and maternal

plants at-ef Goara-plants- compared

16

1273 with Elciola-plants. Net CO, exchange rates generally decreased across the growing period

19 but at-the-end-of-the growing periodnet-CO, exchangerates-declined more strengly-
rapidly in

Goara than in Elciola, especially in methermaternal plants (Fig 4). Fertilization generally
21 enhanced

22 net -CO, exchange, especially in the methermaternal plants. However, the repeated-

measures

24 ANOVA revealed significant interactions of fertilization with—for all other between-

subject

25

26 factors and time as—weH-(Table S1), which mirrors erratic trend of fertilization across site,
generation and salt addition (Table S2).

2 Senescence occurred at different times with—regard-to—bethfor site and

§8neration.

31 Indeed;tThe plants at Goara presented higher phenological codes compared to the plants at

32

33 Elciola (Fig. 5}), meaning that This-means—that-the-plants—at-Goara experienced earlier

leaf abscission,

34

35 thus-and showeding only few yellow leaves at-by the end of the growing period. In
contrast, almost_

51

gg The length of the flowering period differed everall-little between sites and among

gg treatments (Fig. 6). However, the methermaternal plants presented-somewhatflowered

56 longer-duration and

57

58

59

60
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36 half 50%-of the leaves of Elciola plants were still green at-by the end of the growing
37 period.-At

38 beth-sites;-the-metherMaternal plants started senescence earlier than the offspring (Fig.

5)., however—While

39

40 differences—were—found—in—timing—of senesecence—initiation;the duration of senescence

was_similar

41

42 comparable-betweenacross sites, generations and treatments. The senescence period varied
from

43 20 to 50 days, with broader ranges in the methermaternal plants compared with the

44 offspring (data

45 not shown).

46

47

48

49 3.3. Reproductive performance

50

51

gg The length of the flowering period differed everall-little between sites and among

gg treatments (Fig. 6). However, the methermaternal plants presented-somewhatflowered

56 longer-duration and

57

58

59

60
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46
47
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sites (Fig. 6). Fertilization and salt addition had peer—no influence on the length of the

. . . = 7 7 7| Formatted: Body Text, Indent: Left: 0",
sattaddition (OSAF-and-0S-HEY at-both-sites(Fig. 6). “J Line spacing: Exactly 12.8 pt, Tab stops:
Fruit production was significantly affected by all factors (Table 2, Fig. 3). Overall SO | 118 Left

N

Exactly 12.8 pt, No bullets or numbering,

higher number of fruits were recorded at Elciola— and in Methermaternal plants. presented— Formatted: Body Text, Line spacing:
Tab stops: Not at 1.18"

performance—in—terms—offruitproduction—However,—tThe difference between the two

generations was higher at Goara (see the significant site x generation interaction; Table 2).

Fertilization stimulated fruit production except at high fertilization levels. However, the
difference was significant only for methermaternal plants, as shown by the significant generation x

fertilizer interaction (Table 2, Fig. 3).

4. Discussion

Survival-Aside from survival of transplanted plants, is-the-main-eriterion-to-assess-the-sueeess-ofa

aAn additional important criterion is the ability of transplanted plants to reproduceand

contribute to a self-sustaining population in the long-term (Primack & Drayton, 1997;

Maschinski & Haskin, 2012). Source population, individual-genetic traits and ecological
characteristics of the recipient sites are all factors affecting the outcome of atranslocation

aetion-(Godefroid, Le Pajolec, & Van Rossum, 2016). The quality of the released plantsis

alse-important for establishment success, but is scarcely considered se-far-(Havens, Guerrant, Maunder, &

For example, plants propagated and grown ex situ under optimal common garden
conditions may not perform well when exposed to selective pressure at a recipient site,

andwhieh can leads to higher initial mortality (Rossi, Amosso, Orsenigo, & Abeli, 2013). Forthis

reason, it is often considered best practices suggest-to mimic theking ex situ conditions that the plants will

%periencec—epe et

49

50
671
58
59
60

if plants are kept for multiple generation in cultivation, the-field;-to simulate-a-sort-of natural selection-and-

avoid the {domestication syndrome’l _ - 7| Comment [A2]: This is only really
********************************************** considered important if you are maintaining

(Havens, Guerrant, Maunder, & Vitt, 2004; Basey, Fant & Kramer, 2015). However prior to translocation plants in multiple generations in cultivation
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Contrary-tothis
53 praetice;-our-pre-transleeation treatment of plants to produce robust larger plants cans increased the
performance. We found with -efseashore mallow

52

54 _plant plants-grown with fertilizer ex situ performed better, althoug:h s-Salt addition had a negligible effect. - -~ { Formatted: Font: 12 pt, Not Italic
while-Ffertilizationaffeetedimproved

55

56 vegetative and reproductive performance of the methermaternal plants, with-durableeffeets

57

58

59

60
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throughout the growing season. Although we found no interaction Plantresponse-to-the-
wmteractive-effeet-efbetween salinityand

6 nutrients, -vary-across and within the-sameour species, it was as found in Spartina patens
(Aiton) Muhl

7

8 (Delaune, Pezeshki, & Jugsujida, 2005; Merino, Huval, & Nyman, 2010). The lack of seant
effect

9

10 of salinity feund-in our experiment may be due to the low concentration of salt appliedis
—1—1466&1-1%911—%&1:4% compared with the sahnlty in the-eaepeﬂmeﬁta-} fieldsites.

1 1

14

15

exchange

16 g

17 rates, and reproduction compared with non-fertilized plants. Moreover, the fertilized

18

19 methermaternal plants generally showed higher performance than the offspring. OurThis

confirmed our firsthypothesis_that pre-treatments applied during cultivation

19———=¢ nhanced the performance of the plants released in the recrprent srtes

0 2 c
30 zz_perfem&aﬂee-eilplafﬁs—feﬁﬂ&ed—&beemmeﬂ—g&rée&eeﬂé&eﬂs Fertlhzatron increasedthe
23—
24 performance of seashore mallow plants for several months, which has also beensas found
forthe case for example-intree
25
26 species (Oliet, Puértolas, Planelles, & Jacobs, 2013; Garcia-Pérez et al., 2015). Hardening

Pre-treatment

27 induces substantial morphological and physiological changes in plants grown ex sifu, but

2 the type and intensity of pre-treatments affect the outcome of such modifications (Garcia-

30

31 Pérez et al., 2015). In addition, it is interesting to note that hardening pre-treatment was

effective only

32

33 with respect to fertilization at the nutrient-rich site (Elciola). At the nutrient-poor site Goara,

34

35 differences between treatments generally were non-significant suggesting thathardeningpre-
treatment

36 effects were wealk-less evident at this-a harsher site. ISuch remarkable pattern is difficult to

37 explain.However,

38 ingpre-treatment seems directly connected to memory in plants (Bruce, Matthes,

pre-treatment y ymp

Napier, &

39

40 Pickett, 2007). For example, Walter et al. (2011) showed that plants can ‘remember’ stress

41

42 conditions and react steadily-when a stress event is repeated. Stress memory applies to both

57

58

59

60
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45
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47
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50
83
53

54

experiment maybe
explained threugh-by this mechanism. In-etherwerds;pHence plants that experienced high

levels during pre-treatment may have acquired the ability to use nutrients better and faster

than hlntreated plants‘. In principle, stress memory may be passed to non-treated offspring

plants (Igbal & Ashraf, 2007), but this did not happen in our study.
A previous common garden experiment, showed that fertilized seashore mallow plants

produced low quality seeds, suggesting there is a trade-off between methermaternal plant

vigour and quality

55
56

of the offspring (Abeli et al., 2017). This behaviour was aseribed-attributed to different seed
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provisioning by methermaternal plants under various levels of stress, via transgenerationalmaternal
effects (Galloway & Etterson, 2007; Kochanek, Steadman, Probert, & Adkins, 2011)and

was-at-the basis of our second hypothesis.-Fransgenerational maternal-Maternal effects werenot

lobserved in our study as differences in offspring performance (growth and reproduction)

across methermaternal plant treatments fwere not significant. Mechanismsunderlying __ - "| Comment [A6]: Did you compare offspring
. . . . I ithout maternal plants)> Again — si
transgenerational-maternal effects are manifold-multiple and include for-example-seed provisioning zf(;::;;z p:rléoﬁ];ezn;g:&:; i

plants you might not see an impact as the

and epigenetic effects (Feng, Jacobsen, & Reik, 2010; Kochanek, Steadman, Probert, & difference to maternal plants was so large. You
. L . . could you look at relative response to see if the
Adkins, 2011). However, it is possible that the treatments applied to methermaternal plants weretoo offspring of certain parents performed better or

worse.

weak to induce a transgenerational responses.
Nevertheless, maternal effects may strongly modify offspring performance and fitness

(Mondoni et al., 2014; Gesch et al., 2016). Hence, further studies ontransgenerationat
maternal effects applied to translocation are needed, especially to evaluate to-whatthe extent

they can contribute to the low success rate of this type of conservation actions (Godefroid
etal.,, 2011). In Baccharis halimifolia L. a strong positive effect of parental growth

conditions (salinity) on offspring performance was found, also explaining its invasiveness
(Caiio et al., 2016). This has further implications for more extreme translocation actions

such as introduction and assisted migration (Ricciardi & Simberloff, 2009 ));-ifmaternal

= 7 7 7] Formatted: Body Text, Indent: Left: 0",
N
N

effeetslead non-native speeiestospread. “ Space Before: 0 pt, Line spacing: Exactly
N

12.75 pt, Tab stops: 1.18", Left
In conclusion, hardeningpre-treatment can effectively increase the chances of survival and performance 1

Formatted: Body Text, Line spacing:
Exactly 12.75 pt, No bullets or numbering,
Tab stops: Not at 1.18"

of translocated plants and possibly increase their competitive ability in therecipient

community. This latter aspect deserves further investigation, and open the way tonew

practices of ex situ propagation and seed care. A balanced ex situ cultivationmediating
between ne-minimal care_for maintain long-term and eentroHed-eare-increased care praetices-mayto produce

better performing plantspropagules forand
1gher survival of transplante ants. Although no evidences o
high ival of pl d pl Although id. f :

maternal effects were found in our experimental translocation of seashore mallow, we

suggest that further studies with other species and ecological factors will be performedto
better understand the role, if any;-ef transgenerational plasticity in translocated populations.
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Table 1

Soil chemistry at the two sites. Mean (+ SE) concentrations of nitrate, ammonium,
phosphorus and mean (+ SE) values of salinity and electrical conductivity are shown with

corresponding F-values and associated P levels obtained by one-way ANOVAs. Significant
(P<0.05) values in bold character. N =5

Page 22 of 32

NO; (ug g') NHs (uggh POs (ngg')  Salinity (mgl") EL conductivity (uScm™)

Elciola 3545107 3.1940.57 4205106 249.28+56.22 118.82427.49
Goara L1£0.09  2.51:0.46 503097  1209.6+258.17 506.24130.53
F values and P 57 0.86 (P=0.38) 0.31(P=0.59)  0.05 (P<0.01) 0.05 (P<0.01)
levels (P=0.05)
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F-values and associated P levels resulting from factorial ANOVAs for height, diameter,

number of branches and number of fruits in seashore mallow plants of two generations. The

year before, the methermaternal plants had been subjected to three levels of salt addition x three

levels of fertilizer, in factorial combination, during ex situ experimental cultivation. The

offspring plants were germinated from seeds collected from methermaternal plants but received no

further treatment. Significant values (P<0.05) in bold character.

Site

Generation

Salt

Fertilizer

Site x generation
Site x salt
Generation X salt

Site x fertilizer

Generation x fertilizer

Salt x fertilizer

Site x generation X salt

Site x generation X fertilizer
Site x salt x fertilizer
Generation X salt x fertilizer

Site x generation X salt x fertilizer

Height df Diameter df  Branches df Fruits df
232.58 (P<0.001) 1 66.18 (P<0.001) 1 7.14 (P=0.009) 1 31.94 (P<0.001) 1
54.23 (P<0.001) 1 71.23 (P<0.001) 1 5.50(P=0.02) 1 547 (P=0.02) 1
0.59 (P=0.55) 2 1.82(P=0.17) 2 1.16(P=032) 2 3.05(P=0.05) 2
5.94 (P=0.003) 2 6.46 (P=0.002) 2 2.30(P=0.10) 2 4.76 (P=0.01) 2
3.83(P=0.05) 1 287(P=0.09) 1 1.05(P=0.31) 1 5.03(P=0.03) !
0.01 (P=0.99) 2 0.06(P=094) 2 0.57(P=0.56) 2 0.02(P=097) 2
0.80 (P=0.45) 2 437(P=0.01) 2 1.90(P=0.15) 2 2.01(P=0.14) 2
1.94 (P=0.15) 2 129(P=0.28) 2 0.15(P=0.86) 2 1.15(P=0.32) 2
9.69 (P<0.001) 2 7.88(P=0.001) 2 2.59(P=0.08) 2 5.10(P=0.008) 2
091 (P=0.46) 4 1.59(P=0.18) 4 0.92(P=0.45) 4 1.04(P=039) 4
0.20 (P=0.82) 2 0.18(P=0.83) 2 0.58(P=0.56) 2 039 (P=0.68) 2
0.95(P=0.39) 2 3.04(P=0.05) 2 0.73(P=0.48) 2 042 (P=0.66) 2
0.38(P=0.82) 4 023(P=092) 4 0.70(P=0.59) 4 1.11(P=0.36) 4
0.67 (P=0.61) 4 0.76 (P=0.55) 4 0.56(P=0.69) 4 022(P=093) 4
0.85(P=0.5) 4 0.76(P=0.56) 4 0.40(P=0.81) 4 045(P=0.77) 4
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Table 3
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F-values and associated P levels resulting from factorial Generalized Linear Model for seed

germination percentage in seashore mallow plants of two generations. The year before, the

methermaternal plants had been subjected to three levels of salt addition x three levels of fertilizer,
in factorial combination, during ex situ experimental cultivation. The offspring plants were

germinated from seeds collected from methermaternal plants but received no further treatment.

Significant values (P<0.05) in bold character.

Germination %

Site

Generation

Salt

Fertilizer

Site x generation
Site x salt
Generation x salt
Site x fertilizer

Generation x fertilizer

Salt x fertilizer

Site x generation x salt
Site x generation x fertilizer

Site x salt x fertilizer

Generation x salt x fertilizer
Site x generation x salt x fertilizer

13.580 (P<0.001)
12.818 (P<0.001)
7.801 (P=0.020)
34.613 (P<0.001)

115.950 (P<0.001)
26.242 (P<0.001)
2.933 (P=0.231)
23.215 (P<0.001)
1.520 (P=0.468)
10.125 (P=0.038)
5.665 (P=0.059)
7.714 (P=0.021)
11.844 (P=0.019)
8.490 (P=0.075)
2.566 (P=0.464)
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Fig. 1 .

Map of the study area with-and the two experimental translocationsites.

Fig. 2

Water-table depth at the two sites across the growing period.

Fig. 3
Mean (+SE) values-of-height (A), stem diameter (B), number of branches (C) and number

of fruits (D) of seashore mallow plants ef-from two generations. The year before, the

plants had been subjected to three levels of salt addition x three levels of fertilizer, in

factorial combination, during ex situ experimental cultivation.
0S/0F = no salt addition, no fertilization

0S/LF = no salt addition, low level of fertilization
0S/HF = no salt addition, high level of fertilization

LS/OF = low level of salt addition, no fertilization

LS/LF = low level of salt addition, low level of fertilization
LS/HF = low level of salt addition, high level of fertilization

HS/OF = high level of salt addition, no fertilization
HS/LF = high level of salt addition, low level of fertilization

HS/HF = high level of salt addition, high level of fertilization
Different letters indicate significant (P<0.05) differences between treatments for the
mothermaternal

plants. No significant differences were found for the offspring.

Fig. 4
Mean (+SE) values-ofnet CO2 exchange rates recorded on three dates across the growing

period in two generations o f seashore mallow plants —eftwe—generations—at the two
letters
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indicate significant (P<0.05) differences among dates. Lowercase letters refer to the

plants, capital letters to the offspring. Asterisks show significant (P<0.05) differences
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between plants of the two generations on each date. Effects of fertilization and salt addition

are shown in Table S2.

~N OO WN =
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11 Phenological codes across time for the BBCH9 phenophase in two generations of seashore mallow plants spacing: Exactly 9.3 pt
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26 Fig. 6
27 Box-plot diagrams for length of the flowering period of seashore mallow plants of two
28
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31 addition x three levels of fertilizer, in factorial combination, during ex situ experimental
32

33 cultivation.
34

35 Legend of abbreviations as in Fig. 3. The box indicates the mean (inner square) +SE; the
bars indicate +SD. The circles and the asterisks indicate outliers and extreme values,

generations. The year before, the methermaternal plants had been subjected to three levels of salt

36
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