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ABSTRACT

Talinum triangulae (Jacq.)Willd, known as Ceylon spinach, Surinam purslane, or waterleaf, is cultivated for
medicinal and food purposesmong environmental factors, light is an important regulator of primary production,
contributing to plant growth. Howevedhe success of each plant species depends on its morphoanatomical responses
to light. The aim of this study was to determine whethériangulare leaf micromorphometry is fgfcted when grown
in full sun and under shade, and if so, which plant biometric variabledectedfT. triangulare cultivation was tested
in beds arranged in blocks under shade levels of 0, 18, 30, and 50%. Each bed was considered a basic experimental unit,
totaling four replications per treatment. Plant height, stem dianle&érarea, leaf fresh weight, stem fresh weight,
specific leaf area, leaf area ratio, abaxial epidermis, and mesophyll thickness were higher as shade levels increased.
However there was a decrease in the number of leaves, root to shoot ratio, stomatal density on abaxial and adaxial
surfaces, and palisade parenchyma thickness. Nevertheless, root length, leaf and stem dry weights, leaf weight ratio,
adaxial stomatal index, adaxial epidermis, and spongy parenchyma thickness remained constant. Plants responded
differently to shade, with morphological and anatomical changes, suggesting a phenotypic plasticity and raising the
possibility of being grown both in shaded environments and in full sunlight.
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RESUMO

Caracterizacdo biométrica da planta e mioomorfometria foliar deTalinumtriangulare (Jacq.)
Willd cultivada sob sombreamento

Talinum triangulae (Jacq.Willd, conhecida como espinafre do Ceil&o, beldroega gradda e folha d’agua € cultivada
com fins medicinais e alimentares. Entre os fatores ambientais, a luz € um importante regulador da producédo primaria,
contribuindo para o crescimento das plantas. No entanto, o sucesso de cada espécie de planta depende das respostas
morfoanatdmicas a luz. O objetivo deste estudo foi determinar se a micromorfometria daTothartgulare e qual
das variaveis biométricas da planta sao afetadas quando cultivada em pleno sol e sob sombreamento. @ cultivo de
triangularefoi testado em canteiros dispostos em blocos com niveis de sombreamento de 0, 18, 30 e 50%. Cada canteiro
foi considerado uma unidade experimental basica, totalizando quatro repeticdes por trataatemsoda planta, o
diametro do caule, a area foliaTmassa fresca da folha, a massa fresca do caule, a area foliar especifica, a razdo de area
foliar, a espessura da epiderme abaxial e do mesofilo foram maiores a medida que aumentaram os niveis de sombreamento.
No entanto, houve uma diminui¢cdo no nimero de folhas, relagdo raiz: parte aérea, densidade estomética das superficies
abaxial e adaxial e de espessura do parénquima palicadico. O comprimento da raiz, as massas secas das folhas e do caule,
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arazéo de peso foliar indice estomatico da face adaxial, a espessura da epiderme adaxial e do parénquima esponjoso,
por sua vez, permaneceram constateqlantas responderam de forma diferente ao sombreamento, com mudancgas
morfolégicas e anatdmicas, sugerindo uma plasticidade fenotipica e aumentando a possibilidade de serem cultivadas
tanto em ambientes sombreados quanto em pleno sol.

Palavras-chavecrescimento; anatomia; plasticidade; luminosidade.

INTRODUCTION 2011), and watercress (Hirata & Hirata, 2015), among
others.

The intensity of photosynthetically active radiation
({)ﬂlays an important role in plant acclimation to UV radiation.
i eorphological and physiological characteristics influenced
. . high irradiance are also affected by blue light (Hoffmann
flower, lagos bologi, and waterleaf (Fasuyi, 208j4 et yhigh irraci yblue light

. : . . __etal, 2015). In pepper plants, these authors found that a
al., 2010; Liacet al, 2015). This species has pantropica] . . . A _
_“high amount of blue light triggers specific biochemical and

distribution and adapts well to low fertiity soils (Fasuy"physiological processes, resulting in better acclimation and
2007; Nyfeler & Eggli, 2010). Native to tropicAfrica, itis recovery of plants from stress produced by UV radiation.

cultivated for medicinal (Agbonoet al, 2010) and food Among cultivated species, the ability to use light for

purposes in SoumericaAsia, andifrica, especially in biological production is variable, and morphoanatomical

Nigeria (Ifon & Bassir1979, 1980; Fasuyi, 2007). . .
. . responses are responsible for the success of each species
In Brazil, leaves and stemsbftriangulare are sold as ~
Aragéoet al, 2014).

unconventional greens, mainly in the North, Northeasg, Plant biometrics and anatomical measurements help

and Midwest regions, by smallnolders as a source of exﬁﬁderstand differences in growth of plants cultivated in
income (Brasileiro, 2010Alexandre, 2016). Brazils’

. o ._different environments. Therefore, evaluating the
agricultural agencyEmpresa Brasileira de Pesquisa : . o
L Rroductwe and anatomical characteristicE.afiangulare
Agropecuaria (Embrapa), has conducted research on this . . .
. . . own under different shade levels and in full sun is
species, to promote its use as an unconventional le . -
: . . extremely important when aiming to develop a base of
vegetable (Brasil, 2010). The species has agronomic and. : . . . .
. . . . reliable information to guide agronomic practices
economic potential, mainly by smallholders in need of : ; .
o necessary for its economic exploitation. The purpose of
alternative income sources. . . .
. . . . . this study was to determine whethlertriangulare leaf
Since climatic and genetic factors influence the . . . -
L mhcromorphometry is affected when cultivated in different
performance of plants, it is necessary to conduct researgl . . . . .
. . . . shade levels, and if so, which plant biometric variables are
with genotypes under various climatic conditichisong

. . : affected.
physical environmental factors, light levels regulate the

primary production and influence plant growth (Dalmoli
et al, 2015). In this sense, shade screens have been u TERIAL AND METHODS

alone or in combination in protected environments, making The experiment was carried out from October 2014 to
the resulting microclimatic conditions appropriate for cropjarch 2015 in Rioverde, Goias, Brazil (geographical
growth. Thus, the harmful effects of high incidence of sazoordinates: 17°48'55" S and 50°56'2&" altitude of 753

lar radiation are reduced, also protecting against extrem®. According to the Képpen and Geiger classification,
temperatures (Moragt al, 2011). the local climate is tropical (). Annual precipitation va-

It is crucial to understand the physiology of planties from 1500 to 1800 mm and occurs mainly from October
development, as well as the impacts of abiotic and biotie May, with the dry season from June to September
factors, so that management practices can be adopted\t@rage annual temperature ranges from 20 to 35 °C.
improve plant productivity (Goenaga, 1995). Several Seeds for seedling production were obtained from
studies have reported the benefit of using shade for thrints in RioVerde, in an area of natural occurrenge.
cultivation of different plant species, such as leaf cactugucher herbarium specimen (MR68) was deposited with
(Queirozet al,, 2015), taro (Oliveirat al, 2011), rocket the herbarium of the Federal Institute of Goias in\RiB
salad (Grangeiret al, 2011), coriander (Grangeiedal,  de.After collection, seeds were germinated and developed

Talinum triangulae (Jacg.Willd belongs to the family
Talinaceae, previously Portulacaceae (Briltetad, 2016).
Its common names include Surinam purslane, Ceyl
spinach, sweetheart, cariru, Florida spinach, potherb fa
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during 21 days in polypropylene trays containing The effects of differenenvironments were assessed
commercial substrate, in which thinning was also carriesh the anatomical structure Bftriangulare leaves using
out. Subsequentlyseedlings were transplanted to bedsstaining with toluidine blue. Leaf tissue thickening was
The soil in the experimental area was classified asnaeasured with 0.5 chsamples removed from the middle
clayey Oxisol with the following physicochemicalthird of leaves of each plant from the experimental treatment
characteristics, at a depth of 0-20 cm: pH (Qa6l17; 0.13,  (in full sun and 18, 30, and 50% shade) using a disposable
4.07,1.21,0.01, 2.89, 5.43, and 8.32 cmot*of K*, C&*,  razor These samples were then fixed in Karnovsky’
Mg?,Al, H+Al, SB, and CEC, respectively; 27.74, 0.36, 5.0solution (1965) for 24 h, dehydrated in ascending ethanol
5.75, 18.55, 44.56, and 21.34 mgWiP, B, Na, Cu, Fe, Mn, series, and pre-infiltrated and infiltrated in historesin (Leica
and Zn, respectively; V% of 65.3%, and particle sizes &it) according to manufacturarrecommendations.
590, 100, and 310 g k@f sand, silt, and clayespectively Subsequentlythe material was cut into 5 pm-thick
The greenhouse used in the trial was built with agections with a rotary microtome (Ciencor Scientific Ltda,
arched metal structure, with an ordinary ceiling height ghodel 1508R). The sections were stained with toluidine
1.4 mand a high point of 3.0 m, length of 30 m, and width ®ue at 0.05% in 0.1 M phosphate buffer at pH 6.8 (O’Brien
5.2 m, in north-south direction. The tunnel had galvanizest al, 1964) for structural and micromorphometric analysis.
iron structure with top and side closure with black shadgubsequentlyimages were obtained using an Olympus
screens for each shaded environment, representing 18, @fsroscope, model BX61, with camera DP-72, described,
and 50% radiation attenuation and full sun (100% afnd quantitatively estimated by using the software ImageJ
incident radiation). For each shaded environment, begmage Processing addalysis in Java), version 1.47.
were made by using a rotary tillércorporating an ganic The results were subjected to analysis of variance and,

compound at a dose of 1 kfnThebeds had dimensions when significant, a regression test at 5% probability was
of 5 x 1 m (length x width). The spacing used was 0.25 Barried out using the Sisaoftwae.

between rows and 0.25 m between plants. Each bed was
considered a basic experimental unit, with four replicatiolRESULTS AND DISCUSSION
per treatment. _ _ _

No phytosanitary products were applied during plant. Depending on the enV|r0mnt§ t(_) Wh'Ch plants ot
cultivation and weed control was manudter harvest, at triangulare were_ exposed, _a variation in growth pattern
118 days after transplanting, plant height, stem diar,net(l.(\‘_aS observed in plant height, number of leaves, stem

number of leaves, leaf area, length and volume of rog{ameter and leaf area (Figures 1A-DJ. triangulare

system, and fresh and dry weight of leaves, stems, aﬁt&owed an increasing linear behavior for plant height as

roots of T. triangulare were assessed as a function 0§hade intensity increased, with an increment of 0.31 cm for
treatmentsTo measure plant height and root length, gach unit increase of the shade level within the tested
ruler was used and for stem diamegecaliperTo obtain  '@nge (Figure 1A). The increase in heights represented
root volume, roots were washed in tap water over a sie¢¥8-43. 14.39, and 37.74% for 18, 30, and 50% shade,
until the complete removal of soil residues. SubsequentlFSPectivelyas compared with the plan height grown in
the root system volume was measured by displacement®f Sun (Figure 1A). These results are in line with those
the water column in a graduated cylindeesh weights of reported by Oliveirat al. (2009), who studieArtemisia
leaves, stems, and roots were obtained by weighing on'4#garisL. under red and blue Chromatinet-colored shade
analytical balanc&o determine dry weight, these material§50%) and full sun. They found that plants exposed to full
were placed in paper bags and kept in a convection ov@#n presented lower height (36.68 cm) when compared with
at 65 °C until reaching constant weight, which waglants exposed to shade with blue (122.12 cm) and red
expressed in g per plant. Leaf area was determinedin cth25.87 cm) screens, which did nofeiiffrom each other
by integrating the digital image of leaves using the software Converselythe number of leaves linearly declined by
ImageJ (Image Processing akaalysis in Java), version 1.16 per unit of increase in shade levels, representing
1.47. decreases of 5.9, 14.48, and 15.53% for 18, 30, and 50%
The micromorphometric analyses of the leaveshade, respectivelgs compared with the number of leaves
regarding stomatal density index of the adaxial and abaxialplants grown in full sun (Figure 1B). FGuratella ame-
surfaces and thickness of the adaxial and abaxial epidermiganal. under full sun or 76% red screen shade, the larger
and palisade and spongy parenchyma were performed withf area growth counterbalanced the number of leAves.
theANATI QUANTI® software (Aguiaet al, 2007).To 240 days, plants in full sun had a higher number of leaves
obtain the stomatal density and index, the epidermiand lower leaf area compared with plants grown under
imprinting technique with cyanoacrylate was used, ashade (Dalmoliet al, 2015), in agreement with our results
described bylveset al (2014). for both number of leaves and lea¢a.
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For some species, stem diameter is a highly plastic trafensity to enlarge the capture of incident light and increase
and this is desirable because it ensures a greater suppopHetosynthetic diciency.
shoots (Leet al, 1997)With increased shade, stem diameter  No significant effects were observed for root length of
linearly increased by 0.0369 mm per shade unit, representingriangulare plants in function of the shade levels (Figu-
gains of 7.12, 6.22, and 17.78% for plants under shade levgis2A). However the variables root fresh weight, dry
of 18, 30, and 50%, respectivetpmpared with stem growth weight, and volume were affected with increased shade,
of plants in full sunlight (Figure 1C). Nevertheless, Metra having quadratic behavior with maximum points at 16.30,
al. (2012) observed that environments with full light and 25.6.87, and 11.19% shade, with values of 58.63 g, 9.62 g, and
50, and 75% shade did not affect stem diametetetifsa  59.45 mL per plant, respectively (Figures 2B—DAlysia
officinalisL., which presented values of 0.43, 0.68, 0.49, angtatissima(Gill et Hook) Tronc., a significant effect was
0.69 mm, respectivelynot corroborating the behavior observed in root dry matter of plants grown in full sun and
observed in this study shaded by 40 and 80% wituminet® screens, obtaining

Similarly, with increased shade, leaf area presentedsalues of 32.8, 43.8, and 15.8 g, respectively (Rihtad,
linear increase of 70.84 érper shade unit, representing2007).According to Gongalvest al (2012), plants that
increases of 37.60, 30.42, and 94.81% for 18, 30, and 5@ffow in full sun present higher transpiration flows and
shade, respectivglgompared with the leaf area in plantsequire larger and more efficient root systems, with a better
grown in full sun(Figure 1D)According to Lamberstal  developed vascular system.
(2008), plants under environments with low irradiance In relation to leaf and stem fresh weight, significant
invest a higher amount of photoassimilates and otheffects were observed, with linear increase in production
resources, aiming to increase leaf area and decrease weygit increasing shade levels (Figure 3A and B). For leaf
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Figure 1:Plant height (A), number of leaves (B), stem diameter (C), and leaf areald@ijnafn triangulae as a function of shade
levels.
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fresh weight, the increment for each shade unit was 0.61&#io in full sun because of their ability to adapt to different
g per plant, which represented increases of 20.79, 14.58hting conditions. IrMentha arvensik. plants, Chagas
and 36.09% under 18, 30, and 50% shade, respectivedy al, (2010) observed that shade levels (0, 30, 50, and
compared with plants grown in full sun. Similafigr stem  70%) imposed bpluminet® and black screens led to line-
fresh weight, the increment for each shade unit was 0.88Bincreases in specific leaf area, leaf area ratio, leaf weight
g per plant, which represented increases of 13.11, 16.1&tio, and specific leaf weighccording to the authors, for
and 29% under 18, 30, and 50% shade, respectivedwvery 10% increase in shade, increases of 0.223y4m
compared with plants grown in full sun. Howevao 0.087 dmg?, 0.00747 g @, and 0.0497 g dfarespectively
significant effects were observed for leaf and stem dryere estimated.
weight of T. triangulare plants in function of the shade Linear decreases of 16.21, 18.91, and 54.05% were
levels (Figure 3C and D). observed for root-to-shoot ratio of plants under 18, 30,
As shade levels increased, increases were observeaim 50% shade, respectivatpmpared with plants grown
specific leaf area (Figure 4A) and leaf area ratio (Figuiia full sun.According to Oliveiraet al. (2009), root-to-
4B). Leaf weight ratio of plants grown under shade did nshoot ratio can be changed by the interference of
change (Figure 4C), but their root-to-shoot ratio showe®allocating and distributing photoassimilates inside the
lower values (Figure 4D). For specific leaf area, increasetant due to environmental changes. In addition, plants of
of 11.64, 40.56, and 81.09% under 18, 30, and 50% shadetemisia vulgaristhat were in full sun showed higher
respectivelywere observed compared with plants grownoot-to-shoot ratio, suggesting priority allocation of dry
in full sun. Likewise, for specific leaf area, valuesweight to the root system as a consequence of light
represented gains of 11.39, 25.15, and 98.62% under 18, iB0ensity
and 50% shade, respectivetpmpared with plants grown  Distribution of the dry weight of leaves, stems and
in full sun. Shaded plants usually present low leaf areaots ofT. triangulare for 18, 30, and 50% shade levels
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Figure 2:Root length (A), volume (B), fresh weight (C), and dry weight (DJatihum triangulae as a function of shade levels.
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were 23.15, 55.55, and 21.3%, respectively (Figure 5). Plants In environments where plants were exposed to higher
grown under 50% shade showed the highest dry weightrafdiation intensities, greater stomatal density was
leaves (24.4%) and stems (61.1%). Plants grown in full sebserved, especially on the abaxial epidermis (Figure 6B),
had the highest root dry weight (25.2%). which presented values more than twice the stomatal
Leaves ofT. triangulare are amphistomaticThe density on the adaxial surface (Figure 6D). For both
stomatal index of abaxial surface epidermis showegbidermises, a linear decrease in the stomatal density was
decreasing behavior (Figure 6A) compared with the adaxiabserved as shade levels increased. On the abaxial
surface epidermis, whose stomatal index remained consteptdermis, this reduction was more significant, with a value
regardless of shade levels (Figure 6C). Stomatal indexaff 1.16 stomata per nfhof leaf, whereas on the adaxial
abaxial surface reached the highest value (13.58%) undeirface this reduction was 0.2017 stomata pet ofiieaf
5.4% shade, and lower values were observed as shéaeeach increase in shade unit (Figures 6C and 6D).
levels increased, representing reductions of 0.22, 4.80, and The increase of stomatal presence in leaves exposed
14.93% at levels of 18, 30, and 50%, respectively (Figute high irradiance may be an important adaptation
6A). There are specific advantages of using differentiatedechanism of species that tolerate arid environments. In
screens that influence the microclimate, changing theuratella americana plants under shade showed
composition and intensity of the light that reaches plantamphihypostomatic characteristics, with a reduction in
to optimize productivityln addition, this light interferes stomatal density on the adaxial epidermis of leaves. These
with leaf anatomy at both the early and adult stages oharacteristics are observed in plants growing in
development due to the plasticity of the leaf internahesophytic environments, evidencing leaf plasticity

structures to adapt to ambient light (Olivestal, 2009).

Shade levels (%)

(Dalmolinet al, 2015).
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Figure 3: Leaf fresh weight (A), stem fresh weight (B), leaf dry weight (C), and stem dry weight TR)rafm triangulae as a
function of shade levels.
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The abaxial epidermis thickness (Figure 7) of the plants Palisade parenchyma thickness was influenced by
was influenced by shade, showing an increasing lineseatments: higher thickness values were observed when
behavior with an increment of 0.196 um per shade unit triangulare was grown in full sun and decreased linearly
(Figure 7A) and an increase of 55.9% for this variable ias shade levels increased (Figure 78Jcording to
plants grown under 50% shade compared with plantamberset al (2008), spongy parenchyma thickness is
grown in full sun. In contrast, shade levels did not affeétientical when leaves from shade and full sun are
either the thickness of the adaxial epidermis (Figure 7B) oompared, whereas palisade parenchyma thickness is
the spongy parenchyma thickness (Figure 7C). Full sueommonly lower in leaves under shade, which was also
as well as 40 and 80% shade levels, significantly influencetserved forT. triangulare. Pintoet al (2007) also
the spongy parenchyma éfloysia gratissimawhich observed significantly lower palisade parenchyma
presented values of 59.1, 50.7, and 4410 respectively thickness of plants grown in full sun and under 40 and
(Pintoet al, 2007). 80% shade, with values of 154.4, 102.9, and 75.7 um,

In leaves ofAloysia gratissimaPintoet al. (2007) respectivelyLikewise, in plants of peanut forage grown in
observed that the abaxial epidermis thickness wdsll sun and 50 and 80% shade, the palisade parenchyma
influenced by environments, with values of 9.5 um for fulthickness decreased linearly in order of 82.6, 73.9, and 65.6
sun, 8.1 um for 40% shade, and 11.2 um for 80% shaglen, respectively (Goblet al, 2011). InArtemisia vulgaris
According to the authors, those effects were alsgrown in full sun, a thicker palisade parenchyma (62.70
significant on the thickness of the adaxial surface epidermisn) was observed compared with plants under red (54.15
of leaves, being higher in plants cultivated in full sun (40.8m) and blue (54.57 pm) Chromatinet-colored shade
pm) compared with 40% (34.8 um) and 80% (31.1 um) shadereens (50%) (Oliveiret al, 2009).
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Figure 4: Specific leaf area (A), leaf area ratio (B), leaf weight ratio (C), and root to shoot ratio Ta@ljnoim triangulae as a
function of shade levels.
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Figure 5: Dry weight distribution of leaves, stems, and root$adihum triangulae as a function of shade levels.
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Mesophyll thickness was reduced with increasingresent higher levels of auxin in the mesophyll. In shaded
shade levels, showing quadratic behavior with a minimutaeaves, auxin is located in the entire leaf, even the epidermis
point at 34.66% shade with value of 500.83 um (Figure 7EMoraiset al, 2004).

Structural modifications found among leaves subjected to The presence of reduced number of stomata and other
different radiation levels can be attributed to concentratioglls, but larger in size, for all shade levels characterized in
the epidermal imprinting (Figure 8) was observed on the

enables greater distension of epidermal cells in leavesleaf adaxial surface. On the other hand, on the abaxial
shaded plants since it is concentrated in less illuminatedrface, an increased number of stomata and other cells,
regions of leaves. In contrast, more illuminated leavdsit smaller in size (Figure 8), was observed.

of distinct phytohormones, particularly auxiuxin
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Figure 7:Talinum triangulae abaxial leaf (A) and adaxial leaf (B), epidermis spongy parenchyma (C), palisade parenchyma (D), and

mesophyll thickness (E) as a function of shade levels.
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Es = Stomata.

A-B: 18% shade; C-D: 30% shade; E-F: 50% shade; and G-H: full sunlight.

Photos on the left correspond to the abaxial surface and photos on the right correspond to the adaxial surface.
Bars: 10Qum.

Figure 8: Epidermal imprinting of both leaf surfaces of plantaiinum triangulae (Jacq.Willd as a function of dierent shade
levels.
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CONCLUSIONS Dalmolin AC, Thomas SEOAImeida BC & Ortiz CER (2015)

Alteragdes morfofisioldgicas de plantas jovensQieratella
Increasing shade levels increased height, stemamericanal. submetidas ao sombreamento. Revista Brasileira
diameterleaf area, leaf and stem fresh weight, specific leaf 9¢ Blociéncias, 13:41-48.

area. leaf area ratio. and abaxial epidermis thickness FasuyiAO (2007) Bio-nutritional evaluations of three tropical
' ' leaf vegetablesTglfairia occidentalis Amaranthus anentusand

Increasing shade levels decreased the number of leavealinum triangulae as sole dietary protein sources in rat assay
root-to-shoot ratio, stomatal density of abaxial and adaxialFood Chemistry 103:757-765.

epidermis, palisade parenchyma thickness, and mesopt§dbbi KF Garcia R Ventrella MC, Frées\, Neto G & Rocha GC
thickness (2011) Area foliar especifica e anatomia foliar quantitativa do
’ capim-braquiaria e do amendoim-forrageiro submetidos a
Root length, leaf and stem dry weight, leaf weight ratio, sombreamento. Revista Brasileira de Zootecnia, 40:1436-1444.
stomatal index of the adaxial surface, adaxial epidermissenaga R (1995)ccumulation and partitioning of dry matter in
thickness, and spongy parenchyma thickness of plantgaro [Colocasia esculentdL.) Schott]. Annals of Botany
remained constant in full sun and 18, 30, and 50% shadd®:337-341.
levels.T. triangulare plants subjected to full sun and 18,G0nsalves JFC, Melo GERilva CEM, Ferreira MJ & Justino JC
. . (2012) Estratégias no uso da energia luminosa por plantas jo-
0,
30, and 50@ shade levels res.pondeﬁbrhhtly showing _vens deGenipa spuceanaSteyerm ao alagamentdcta
morphological and anatomical changes, suggestingBotanica Brasilica, 26:391-398.

phenotypic plasticity and the possibility of being grownsrangeiro LC, Freitas FCL, Negreiros MZ, Marrocos TPS, Lucena

both in shaded environments and in full sun. RRM & Oliveira RA (2011) Crescimento e acumulo de nutrien-
tes em coentro e rlcula. Brazilian JournalAgfricultural
Sciences, 6:11-16.
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