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Abstract
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this cogrewth key anabobdbmimaai gidededufLé e nccud ti var s, I nca (drou
Bonanza (drought sensitive), to water deficit conditions v
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Introduction architecture depending upon the extent and duration of
water stress. Anatomical alterations in the leaf, stem and
Marigold (Tagetes erecta L.) is a drought resistant root of a plant, can also be used as successful indicators of
plant (Riazet al., 2013) in the familyAsteraceae which is  drought stess (Shacet al., 2008; Leukovicet al., 2009;
an annual flowering herb with pinnately divided leavesOliveira et al., 2018. For instance, reduced cell size and
(Dole & Wilkins, 2005).Tagetes erecta commonly known  vascular tissues arrangements have been shov@lem
as African marigoldYasheshwaet al., 2017),is native to  europaea under drought stress (Guerfet al., 2009).
Mexico and has ornamental, aromatic and medicinahlteration in xylem/phloem ratio and mifidation of cell
properties Cicevanet al., 2016) It is widely used as cut architecture can also be indicators (Makbuhbl., 2011).
flower, and as bedding plant in landscape because &fylem and phloem vessel reduction under limited water
diverse flower size and availability throughout thearye regimes has been reported (Boughallgbal., 2014).
(Chkhikvishvili et al., 2016 Younis et al., 2018a). Thickness of phloem and xylem in the leaf vascular system
Marigold flower petals are enriched with lutein, carotenoidsof Astragalus gombiformis decreased under water deficit
and various other important secondary metabolites (Pandepnditions (Boughallekt al., 2014). Plants growing under
et al., 2015). Presence of carotenoids, flavonoids, triterpentow to moderate drought stress reduce xylem vessel
alcohol, tanninssterol, mucilage, saponins and resin indiameter, and increase thickness of epidermis, phloem, and
Tagetes species have been reported and evaluated for theinesophyll tissues of wheat plants-@ty et al., 2012).
therapeutic benefits (Riat al., 2013). Water availability is an important factor affecting the
Environmental stresses such as salinity and wategrowth and quality (pre and post production) of
deficit have adverse effects on plant morphology anarnamental plants (Cirillcet al., 2017). While deficit
survival (Abideenet al., 2019; Mahmoudet al., 2018 irrigation, the practice of less water application than usual
Zulfigar et al., 2020. Increasing water scarcity in arid to plants to conservevater or to slow the growth in
regions is considered as a serious environmental isswegetables (Rouphaedt al., 2008; Casa & Rouphael,
restricting sustainable agriculture worldwidé\Marez  2014) and fruits (Egeet al., 2010) has been reported, this
Floreset al., 2018 Ali et al., 202Q. Thee is a great interest practice in ornamental plants has not been studied as
in the adoption ofsustainable and resource conservingintensely (Cirillo et al., 2017). In these aspects, it is
strategies inagriculture andhorticulture (Zulfigar et al., necessary to understand their mechanisms under drought
2019, b). Similar to other abiotic stresses, plantvén  stress especially througkarious growth, anatomical,
various strategies to survive undeater stressondition physiological and morphological attributéiseukovic et
They can increase root biomass and length, reduce shaat, 2009; Akramet al., 2016;Cicevanet al., 2018. It is
growth, or alter leaf orientation to escape from watemecessary to understand the tgugial of marigold
limitations. Reduction in leaf area, leaf shedding, andyenotypes and their reaction to deficit irrigations to attain
change in the anatomical features can be importargustainable production of marigold in suboptimal
parameters under water scarce céonit Plants also conditions.Selection of genotypes with drought tolerant
triggers specific modifications in plant anatomical ability is one of the main research focus to increase the
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yield unde limited water supply (Chaves & Davies, infection. Air-dried seeds were sown in germination trays
2010), to conserve natural resources and to meet futufdled with peat moss. Twenty eight days after
demand of xeroscaping and water conservatiticgvan  germination, healthy seedlings were transplanted and
et al., 2019. Additionally, exploration of the drought maintained one per fredrainingplastic pots (24 cm x 28
resistance mechanisms in plants can help in titerd  cm) filled with 5 kg air dried, sieved (2.0 mm), uniform
breeding of drought tolerance in economically importantmixture of silt, sand, leaf compost and farmyard manure
crops. On the other hand, study of plants with respect tfl:1:1:1(v/v)]. Each pot was watered to -88% field
water deficit conditions is becoming even more importantapacity with the tap water having 7.8 pH2 0 0 mg
under the changing climatic scenariBugrtolaset al., total solble salts and 1.2 dSnelectrical conductivity
2017). However, therera still no studies available until the imposition of the drought stress treatments.
describing the marigold root, shoot and leaf anatomy imMhree weeks after transplanting, different watering
relation to water deficit stress conditionBakistan is regimes viz.control (To; 100% FC) and water deficit
blessed with a diverse range of climatic conditionsconditions (.60 FC and 7, 40 FC) were appdd to the
favoring the production of high value crops includingtransplants. All transplants were allowed to grow for 30
ornametals (Youniset al., 2016; Fiazet al.,, 2018; days at varying water regimeA. factorial experimental
Youniset al., 2018b) but also has to face drought spellsarrangement of treatments was followadcording to
due to arid and serairid climate with annual rainfall completely randomized design (CRD) with two cultivar
below than 60 cm. A complete understanding of thglnca and Bonanza) levels dirthree watering regimes
anatomical, physiological and biochemical medbms (100, 60 and 40% field capacity). Each treatment had four
by which plant responds toormal andwater deficit replicates for material sampling and measurements.
conditions with or without using exogenous chemicals

such as plant bioregulatoiis,therefore essentialot only = Growth and biomass production: At the end of the

to improve water use efficiencput the ornamental study, (one month of drought treatments), each plant of
quality of plants especially undechanging climatic treatment was upoted carefully and rinsed with
scenario (Zollingeret al., 2006; Mansoort al., 2015 deionized water. Afterwards, the plant is separated in root
Zulfigar et al., 201%). Two marigold cultivars planted and shoot. Length of root and shoot was measured using
widely in Pakistan were used in this study. These twauler in centimeterFresh and dry mass (ovelnied plant
cultivars differ widely in their drought tolerance ability material at 70°C until constant weight was reagheere
previously confirmed and characterized by morpho taken to perform growth analyses. Root and shoot mass
physiological traits by Younist al., (2018a). The cultivar fraction was calculated as the ratio of root and shoot fresh
Inca is known as drought resistant while cultivar Bonanzanass to plant mass (g%g Specific root length was
as drought sensitive (Youngs al., 2018a). In view of the calculated as the ratio of root length to root mass (émn g
above discussion, we hypothesized that change i8imilarly specificshoot length was measured as the ratio
morpheanatomical characteristics in these marigoldof shoot length to shoot mass in crh dRoot length ratio
cultivars leads to adaptation undeirought stress. was calculated as the ratio of root length to plant mass
Therefore, the present study was performed with the kegcm g?).

focus on two popular and commercially important

marigold cultivars for characterizing their leaf, stem andAnatomical analysis of leaf, stem and root: Anatomical
root anatomical adaptations towards water str@se  characteristics of leaf shoot andot of both marigold
knowledge about similittes and specific differences in cultivars 4 weeks after drought treatments were examined.
both cultivars responses to water deficit will be useful inFor this purposea piece of 2 cm was excised between 8:00

planning of (i) breeding strategies, (ii) irrigation. to 8:30 am, from the leaf base of fully expanded leaves for
leaf anatomy, from the base of the internode of the stem f
Materials and Methods shoot anatomy, and from the thickest adventitious root near

the rootshoot connection for root anatonfyhe root, stem
Plant materials and growth conditions: In 201718, a and leaf samples were dipped farmalin-acid-alcohol
pot experiment was conducted dside under rain (FAA; formalin 10%, acetic acid 5%, ethyl alcohol 50%,
exclusion shelterat Floriculture Research Area of and distilled water 35%golution for 48 h and subsequently
Institute of Horticultural Sciences, University of shifted to acetic alcohol solution comprising 25% acetic
Agriculture Faisalabad, Pakistafihe climatic conditions acid and 75% ethanol for long storage. Then,-lfraed
of this area in the growing season recordedsections were arranged via series of dehydration in ethanol
temperature/day averag&®.1 + 2.8C, and air relative applying doublestained technique of safranin ardst
humidity/day averaged was 58.4 + 5.1Fealthy seeds of green applications were followed to preparermanent
two widely grown marigoldTagetes erecta L.) cultivars  slides of various cells and tissues of root, stem and leaf
in the region]i.e., Bonanza(Pan America Seed1999) (Ruzin, 1999). The observations (measurements and
andinca R (1982) were sown on 25 August 2013eeds micrographs) of transverse sections (root, shoot and leaf)
were purchasedrom local seed distributor in Lahore, were taken using ocular maneter on compound
Pakistan. Seeds were selected on the basis of uniformityicroscope. The stained sections were photographed using
in size and colorSelected seeds of both cultivars weredigital camera (Nikon FD>35) equipped light microscope
then disinfected with sodium hypochlorite (0.58%) for 1(Nikon SE, AntiMould, Tokyo, Japan). Four
min followed by double rinsing using distilledater.  characteristics were measured regarding noetaxylem,
Seeds were air dried at room temperature to avoid funga&pidermis, cortex andagcular region; three characteristics
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regarding shoot: vascular bundle, cortex, mgtam and improvement and survival in cv. Inca under these
epidermis; five characteristics regarding leaf: leafcircumstances ensure optimum biomass that can be used
thickness, vascular bundle, mesophyll, the lower and uppers potent source afrnamental, medicinal and aromatic
epidermis of leaf were recorded. For these animtdm benefits. The survival of these cultivars under drought
traits, data were recorded using all four plants from eachonditions might expand its cultivation on pategraded

replication at random. lands with water conservation. Reduction of biomass of
Tagetes erecta were supported by lower shoot mass
Statistical analysis fraction levels in cv. Bonanza exposed to botramd T

treatments than cv. Inca. The root mass fraction of both
The collected data for various attributes werecultivars decreasedsignificantly (p< 0 . Owith) the
analyzed using ANOVA (Steet al., 1997). Means were increase in drought stress leveBig, 1; Table 1). In
compared using least significance difference (LSD) testontrast, shoot mass fraction of cv. Inca decreased

following Snedecor & Cochran (1980). substantially at T (Fig. 1). Specific shoot length was
increased in cv. Inca as compared to cv. Bonanza plants
Results and Discussion underwater deficit conditions while specific root length

was unchanged in each treatmdfig. 2). Increased
Plant fresh and dry mass of both marigold cultivarsbiomass in cv. Inca is correlated with higher shoot length
decreasedsignificantly < 0 . O @énlexposure to all (lower stem thickness) that improved the area of
drought stess levels, however, the decline was morephotosynthetic foliage under drought condits. In
prominent in Bonanza than Inca at 40% followed by 60%addition, the stem functions as a photosynthetically active
FC (Fig. 1; Table 1) Reduction of biomass is a good area in many cases that allowed an increase of
strategy inTagetes erecta to improve water uptake under photosynthetic active area with minimal biomass
drought stress for loaterm survival. Growth investment, transpiration and water loss at dry habitats.
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Table 1. Analyses of variance (ANOVA) of the data (mean squares) for vegetative parameters of marigold cultivars subjected
to water stress conditions (Mean = S.E.).

Source of df Plant fresh Plant dry Root mass Shoot mass Specific shoot Specific root Root length
variation mass mass fraction fraction length length ratio
Cultiv 1 130.66153.4010.0030 2.0441n7<0. 0170 0.021 1. 6 656n7s
Treatm 2 189.3963.4010.042910.024610.65180.2849 0.0166"71
C x 1T2 3.88790.18160.0018 0.00480.02160.0867 6. 2941n7s
Error18 5.608¢ 3.706 2.0947: 9.6840€¢ 0.010(0.005¢ 3.86411
ns Neingni ficawt=; STgnifamaant at O0.05, 0.01 and 0.001 1| e
- . . . . Substanti al reduction in ro
;,“3'5 @ nca' Ml Bonanza at different drought stress |
> 30 - a @ l ength ratio was promoted in
e ab be (Fi g. 2) . Slgn|f.|c'ant i ncreas
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z2 cd g total root biomass wunder drou
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@ 7 strategy t o i mprove soi l wat
S 15 acquisition, which bsomaseci a
o cCVv. I nca than cv. Bonanza (Fi ¢
< ol . . :
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1'8_ Howeversxxylmen a ar e a i n roots
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A 1.6 = decrease i n cCV. Bonanza espe
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Table 2. Analyses of variance (ANOVA) of the data (mean squares) for the anatomical attributes of root, stem and

leaf of marigold (7agestes erecta L.) cultivars subjected to water stress conditions (Mean + S.E.).

Source of Root endodermal . Root metaxylem Root vascular Leaf vascular
variation df area Root cortical area area bundle area bundle area
Cultivi 1 9909183 2768014 1538803 1.4690* 6529948:
Treat me 3 720213. 4985275 1332285. 617617t 285984¢
cC x T 3 689115. 729963. 1286265. 1.08321 470212.
Error 24 1316401 1364126 1604311 543219¢ 637733,
omarar STy conatarea ST e S e
Cultivi 1 237793. 2195806 3327627 5.53464
Treat me 3 877302. 5506483 508864. 1.2190"
cC x T 3 20226 2. 5038016 723459 .| 1032209C
Error 24 541916. 1397207 2974677 245576 ¢
Al gt el Ll i
Cultivei 1 5218953 2372582 694902.( 41997. 8
Treat me 3 720587. 12326614 1429531 3953.95
CcC x T 3 296478. 250651. 8056.74¢ 88.8510
Error 24 1920827 271218. 319369. 3260. 37

Table 3. Anatomical characteristics of marigold (7agates erecta L.) growing under different water deficit conditions.

Bonanza Inca

Control

Control

| nclTahhe vascul ar area was afBoetcht emarsiegvoelrde !l yulitni viaetsh wer
cultivars under water(Fdegbp¢der miondaté@nsndelr drought

Tabl e Tdgdtes erettar 0 0t ar ea istqi@gemn@e]rﬂg 0ahn d cultivars i

proportion of vascul ar re@dﬁwmt,%%% i ceayl Q%%%n%@mmqo%@
centr al pith. So changes ég £®¢é@ gEQ BoRdaad A %6?%
water conservation by efprq dfee'? i £0 Qgﬂﬁt'oqnsﬂggt at g§
storPaeggiéa I(darav.i,a 00Whi l e HcreecB ntasdrought stress (Fi
oberved on xylem Il ength an n u er .

(100% FC) 60% FC 40% FC (100% FC) 60% FC 40% FC
Root anatomy
Endoder maf) area 8049. 7270. 6144. 545.0 1333. 617.
Corticafh area 8016. 7686 . 6691. 11130. 9262. 7919.
Metaxyl gm ar ea 5641. 4198. 3590. 7325. 5626. 4890.
Vascul ar phidndl e 43507. 36041 26609 54110. 50669 39836
Stem anatomy
Epider maf ar ea 5341. 4792. 4253. 5769. 5058. 4228.
Corticafh area ( 26362. 24276 19738 28213, 24469 19873
Metaxyl gm ar ea 8112. 6989. 3918. 9559. 8045. 6646 .
Vascul ar phdndl e 41142. 36031 29022 47994, 44481 38066
Leaf anatomy
Abaxi al epiuder m 5322. 40009. 2801. 6561. 5042. 3113.
Adaxi al epudher 3957. 3603. 3075. 4558. 4232. 3527.
Mesophyu® area 4030. 3576. 2900. 4354. 3870. 3085.
Leaf thimkness 927.0 858. 1 806 . 1 982. 2 923. ! 893.
Vascul ar phndl e 7990. 7676 . 6930. 9425. 8113. 7618.
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Mild stress Control
(watering after 4-day interval)  (watering after 1-day interval)

Severe stress
(watering after 8-day interval)

Tagates erecta L. cv. Inca F1

Fig. 3. Root t luguesswens e asesctuinadres dfi fferent waterin

The performance oboth marigold cultivars were pn?) metaxylem area than cv. Bonanza (7840 3unin
unaffected regarding epidermis of shoot undes Tresponse to drought stress, both cultivars showed least
treatments (Table 1). Epidermis area @ftragalus metaxylem area under 60% FC as illustrated in Figure 2.
gombiformis (Pomel) shooincreased with increasing levels Reduction in metxylem cells diameter is linked with
of irrigation drought intervals as reported Bgughallebet  reducing embolism risks as well as water flow (Soeiza
al., (2014). Decrease in epidermal area and vegetatival., 2009). Short distanceansport of nutrients and water
growth can be interlinked witiagetes erecta water stress through stem metaylem vessels in annual crops like
tolerance.Significant variation in shoot cortex area waserecta may not be as important as in tall perennial and
observed under different water stress treatments. Differendkerefore, reduction in meteylem area may have a little
between both cultivars Inca @Bonanza were significant impact {/asellatiet al., 2001).Shoot vascular bunellarea
with respect to cortex area under drought str€sstex  was found higher in cv. Inca as compared to cv. Bonanza at
area of both marigold varieties were found maximumnormal watering (TO) (Fig. 4). Shoot vascular bundle area
(26507 un) in control (To) while it was decreased with the generally decreased with the increase in water deficit stress
increase in drought stress severity. Cv. Inca showed highér both marigold cultivar§Table 1).Similar results have
stem cortex area (27540 @nwhile the cv. Bonanza been repogd by Kutluet al., (2009) about the reduction in
remained lower in response te(Fig. 2). Shoot cortex area vascular area as a result of drought stress. Under well
of cv. Inca was optimum as compared to cv. Bonanza iwatered conditions, cultivar Inca, subjected ¢gpiiesented
response to all water stress treatments. Drought strgss (thigher upper epidermis region area than the other cultivar
significantly decreased the ntex area of shoot in both Bonanza(Table 1) On exposurdo drought stress, leaf
cultivars as illustrated in Table 1. Environmental factorsupper epidermis area decreased more severely in cv.
especially shortage of water significantly influence theBonanza than cv. Inca especially at (Fig. 5) These
plant anatomical characteristics (Sleaal., 2008), and this results were in agreement with an earlier studiraria
may have a direct impact on overall growth of plargans retusa, a drought resistant plant, in whidihe upper
(Shabala, 1996). Shoot metglem area ofboth marigold epidermis, palisade mesophyll thickness, stomata and
cultivars showed differentesponse under drought stresstrichomes density increased under drought stress
(Table 1). Under 100% F@v. Inca showed higher (9230 (Boughallebet al., 2012) Adaxial leaf surface is more
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exposed directly facing the sun. Thicker adaxial epidermigpidermis area as well as palisade mesophyll thickness was
(along with cuticle) is important for a plant wrdwater observed under drought stress conditigBeughallebet
shortage conditions to resist environmental stress (Mulroal., 2012) Changes due to drought were also observed in
& Rundel, 1977). However, leaf hairiness and stomataleaf thickness (Table 1). Cv. Inca had considerabibkén
size, density and orientation are equally important for strickkaf in comparison with cv. Bonanza under controlled
controlling of transpiration rate and stomatal conductanceonditions (Table 1; Fig5). A significant reduction was

in plants lke T. erecta (Xu & Zhou, 2008).Leaf lower observed in leaf thickness of both genotype§.odrecta
region epidermal area was increased in cv. Inca, buinder water deficit treatments. Succulence or leaf thickness
decreased in cv. Bonanza under water deficit conditionss an important stctural modification in plants to cope
(Fig. 3). Similar results were reported on olive in whichwith dry habitats (Balsamet al., 2006).The length of the
comparison of olive cultivars under water sfewas palisade parenchyma cells determines leaf thickness, and in
observed. Cv. Zalmati produced thinner leaf lowerthis regard, a thicker leaf has more ability to efficiently use
epidermis while, cv. Chemlali was not affected in terms ofwvater to manage drought conditidi@oeger &Wisniewski,

leaf epidermis areéBoughallebet al., 2012) Leaf is the 2002). The results are supported by an earlier study on
main photosynthetic organ ih erecta, and protection of olive cultivars, therein drought stress decreased the
this organ fronphotodamage is crucial for the survival of epidermal and mesophyll cells size with increased cell
plants under unfavorable conditions. Thicker epidermiglensity (Bosabalidisand& Kofidis, 2002).Furthermore,
may play a vital role to minimize water loss through leafEnnajehet al., (2010) reported that drought resulted in 24%
surface (Ristic & Cass, 1991). The marigold plants growrdecrease in the leaf area of olive. In the present study,
under watedeficit conditions showed a ggiificant  imposition of drought stress treatments significantly
reduction in the leaf mesophyll area (Fig) of both reduced the leaf vascular bundle area of both marigold
marigold cultivars. Of both cultivars, cv. Inca, was cultivars (Table 1; Figs). Comparisonsfovalues between
comparatively better in mesophyll area at high water stredsoth marigold cultivars revealed that leaf vascular bundle
level (T2) (Fig. 5). In an earlier study with a drought area was higher in cv. Bonanza than in cv. Inca under water
resistant plantNitraria retusa an increase in upper deficit conditions.

Mild stress Control
(watering after 4-day interval) (watering after 1-day interval)

Severe stress
(watering after 8-day interval)

Tagates erecta L. cv. Inca F1

Fig. 4. Stem t foparescwd rtd ev agesc tuindres dfi f ferent waterin
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Control
(watering after 1-day interval)

Mild stress

(watering after 4-day interval)

Severe stress
(watering after 8-day interval)

Tagates erecta L. cv. Inca F1

Fig. 5. Leaf thamsuétseoeasscuindes di fferent waterin
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