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ARTICLE INFO ABSTRACT
Article history: The agronomic, chemical, chemical detergent fiB&HK) and anatomical charastics
Received 12 February 2016 forageArachis pintoi Amarillocultivar were evaluated. The plants were grownats
Accepted 18 March 2016 and subjected to different levels of shade anddwiages (60 and 120) days. The st
Available online 20 April 2016 was conducted the relatively recent introductiod@fchis pinta cultivars in Brazilian
pastures, as well asa certain lack of agronomic, bromatological
Keywords: morphophysiological studies regarding the the tiatral quality of this forage. Th
Leaf anatomy, Arachis pintoi, DM levels linearly reduced with increasing shadeele, but increased due to t
epidermis, legumes, mesophyll increase of the cut ages. There wasgaiicant effects for interaction shade x cut .

on thickness (um) of the palisade parenchyma, sppagenchyma and mesophyll, &
there was linear reduction (P <0.01), accordintpéoshade levels, and a linear incre
in thickness depending on the cut ages. ifiheitro dry matter digestibility increase
linearly with increasing shade levels.

INTRODUCTION

The effects of climate on the nutritional valudafage have been evaluated, as such climatic fa¢light,
humidity, and temperaturéhfluence the nutritional quality of forage the nt (VAN SOEST, 1994 Plants
respond to irradiance levels through genetic adiaptand phenotypic plasticity, when plants arposed tc
shade they can exert this plasticity, which ocauesnly during he growth and differentiation of assimilati
organs, resulting in morphological, biochemical &iglological alteratior.

Generally these alterations are related to theeas®d uptake and utilization of incident light @asing the
photosynthetic eftiency of the plant, a feature that limits growttthe shad(GOBBI et al., 2011).

Research evaluating the anatomical characteriatick their correlation with nutritional value hasebh
developed over the years, but because they areesthese dennstrate the importance of aggregat
knowledge of plant anatomy to diverse nutritic assessments, correlating thelAKIN, et al, 1973;
QUEIROZet al, 2000).

The digestibility influences the use and the passagfood through the rumen, which in turn has reat
influence on voluntary feed intake and thus, innali production. The leaf anatomy influences notyahke
fodder production, but also its nutritial value and animal performance. The plant tish#a& potential fo
differentiated digestion, from which occurrs thesties proportion and nutritional value of foragasge:
(BRITO et al, 1999).
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MATERIAL AND METHODS

The experiment was conducted in the field in apeexnental area of the Beef Cattle Division of the
Federal Institute of Goias, Rio Verde Campus, aggaphic coordinates 17° 47 '58' 'S and 50° 54"\&8 from
February, 2012 to December, 2012. In this peridtdcatlections were carried out in the 0 to 20 cydr for
chemical and physical characterization in condustadples after air drying and sieving in a 4 mmesie

After the laboratory analyzes results, 5.0 dmp were placed in each plastic pot with a 6.0 dnpacity
after the correction of acidity with the applicatiof limestone filler, which has total relative melization
power (TRNP) of 100%, increasing the base saturgti®o) to 70%. Soil analysis was performed befard a
after incubation, to ensure proper soil correction.

The pots were organized on a wooden support, avitteight of 0.70 cm and a width of 1.00 mm, and
remained in incubation for 30 days after the additf limestone filler, aiming to increase the baaturation
(V%) 70%. After the incubation period, 20 ForageuRé seeds were sown per pot, an average deptb of0
After 15 days of seedling emergence thinning wasezh out leaving only 10 plants. After a week egdling
emergence basic fertilization was done in the fofmutrient solution containing macro and micromarits, the
nutrient solution being reapplied after the firstting. The cuts were performed at 60 and 120 dajspractice
was carried out manually with the aid of shears,hhight being between 3 and 5 cm above the sddaiin
the pots.

The dry matter (DM) was measured by moisture lhysvolatilization caused by heat. The percentage wa
calculated by weight difference of the sample befamd after drying treatment in forced ventilatoven at 55°
C for 72 hours, removing a sample for the detertibnaaccording to the method described by SILVA &
QUEIROZ, 2002.

The experimental design was completely randomizedfactorial 4 x 2, four shading levels (0, 30,d&nd
70%) and two cut ages (60 and 120 days), with aighetitions, totaling 64 experimental units. Dgrimhole
experimental period the pots were properly watenetb three times a day in order to maintain fegddditions.

To determine the IVDMD, the technique describedTiley & Terry (1963) was adopted, adapted to the
artificial rumen developed by ANKON®, and using tiizaisy incubator instrument " from Ankom Technojog
(in vitro true digestibility IVTD). The collection of ruminal fluid was doney lusing fistulated animals using
two male animals with an average weight of 550tkg, animals being maintained in the pasture inrotde
repeat that which occurréd vitro during 24 to 48 hours of fermentation.

For the species anatomical assessments five [{g)developed leaves from each plot (pot) wereexi#d
and taken to the IF Plant Anatomy Laboratory - GdRio Verde Campus, where the samples were fixed in
FAA,,and after 24 hours were removed from the fixatioitson, washed and stored in 70% ethanol solution
and subjected to analysis (Kraus & Arduin, 1997%.dEtermine the stomatal density in the adaxial abrakial
sursurfaces of the leaf blade, the leaf clearimprigjue was used described by Kraus and Arduiny 198e
cuts were made on an LPC type microtome tablewallp the observation of plant structures, and then
transferred to a container with distilled water atained with Safrablau.

All the material contained on the slides was pbmphed using an optical light microscope with an
attached LEICA DM 500 camera, the variables weragueed through softwakenatiquanti

The height and width of the leaves to calculate tittal leaf area, and also the length of stolevese
determined using a graduated scale, measuringldéaees and stolons from each pot. After all thevabo
mentioned analyzes, the soil from the of each pas wemoved and the roots separated by washing under
running water over a 0.5 mm mesh sieve. The cogmfrthe total number of seeds per pot was thedwted
and subsequently the average of the treatments.

RESULTS AND DISCUSSION

For the dry matter a significant linear decreass wbserved due to the increased shade levelsr¢Fldy),
these results were similar to those of Goebial, (2009), who evaluated shade levels (0, 50 artb)7i®
intercropping withBrachiaria decumbensv. Basilisk andhArachis pintoicv. Amarillo forage peanut and
obtained similar results in their second cut.

Gobbi et al, (2010), evaluating the nutritional value of fgeaBrachiaria decumbensv. Basilisk and
Arachis pintoicv. Amarillo, submitted to three artificial shade levels, répdrsimilar results where the peanut
showed a quadratic reduction on as a function efatiificial shade levels, the 50% shade resultelbvest
DM content. The same author reports that the loW&étcontent can be attributed to lower transpinatiates,
this behavior is very common in plants submittedhade, resulting in a higher concentration of watesent
in the tissues.
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Fig. 1. Percentage of dry matter in relation to shadelteyA), percentage of dry matter with respectdesa
cuts (B).

As for the cutting days, there was a growing limiearease in relation to the physiological agehef plants
(Figure 1B), this is due to climatic environmentattors the plants are subjected, the factors phainote
growth also accelerate plant maturity, thus compsong its nutritional value via the participatiof siructural
components with the advancing age of the plantrethe increasing the DM due to the increase in plant
physiological age.

The DM reduction due to shading is related to loplant development speed under shading conditods
also the microclimatic conditions of the shadedimmment, predominantly mild temperatures and higiual
and air moisture (GOBBI, 2007). When determining #verage length of stolons a linear increase (P130
was observed due to the increase of the shadeslamdlthe two cut ages, in relation to the avelegth of the
stolons, recording the highest average lengthsruhdehighest shade level (70%) (Figure 2).
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Fig. 2. Average length of stolons (cm) in relation todddevels (A), in relation to cut ages (B).

The results were similar to those of Andrade &etfiah, (2004), who found that the height of thepintoi
plants increased linearly and positively with thade levels in January, February and March.

The legumeéA. pintoihas a stoloniferous growth habit, sending out st®loorizontally in all directions. At
the 50 and 70% shade levels thenarillo cultivar presented further growth both horizontahd vertically, this
fact certainly can be explained by the etiolatiomfation mechanism that the plant used trying &k $ight. As
a function of the shade levels and cutting agdedifices in leaf area were detected. A positivealirgrowth
was observed (Figure 3A) and a 10% increase, appabely, also occurred in the leaf area as atfanof the
cut age (Figure 3B).
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Fig. 3: Leaf area (cm?) as a function of shade levels §8)a function of the cut ages (B).

Gobbiet al, (2011), evaluating the leaf specific area oftihe species found similar results, the leaf area
increase being linear due to the increase in thdeslevels, but with the grass the increase irgakspecific
area was accompanied by a linear reduction inghkthickness, with increasing shade levels, aaddaf area
of forage peanut leaves did not change signiflgamith increasing shade, unlike in the presentkyavhich
obtained opposite results. Gobbi, (2007), foundilainresults, there being a significant increaseaifinear
manner, due to the increase in the shade leve)(and 70%) in all evaluated cuts.

Environmental factors, in particular the intensatyd distribution of the light, can have substdrdféects
on leaf development, size and thickness; incredessfdarea of the forage, due to low irradianceresents a
strategic adaptive response to compensate forotlierIphotosynthetic rate per unit leaf area asnatfon of
THE REDUCTION of light. (GOBBIet al, 2009). The increase in leaf area under shadeitcmmglis linked to



100 Freitas Nulciene Firmino deet al, 2016
Australian Journal of Basic and Applied Sciences,A(8) April 2016, Pages: 97-105

anatomical changes such as thinner epidermisthedsmesophyll, palisade and spongy parenchyma,eaen
smaller proportion of support conductive tissues] eell wall thickness, with higher proportionsiatiercellular
spaces and lower stomata density (ALLARDal, 1991). Plants subjected to shade invest relgtitigher
proportion of photoassimilates and other resouirt@sder to increase leaf area, trying to imprdwe gathering
of available light (GOBBI, 2007). Tharachis pintoicv. Amarillo demonstrated significant effects, when given
increasing levels of shade, as to the number afssdbere being a linear increase, as can be sdé&igure 4).
Macedoet al, (2012), when evaluating different forms of uping the seeds of the forage peanutAmarillo,
found an increasing linear increase in the penothfFebruary to June.

* Y x -

0 10 20 30 40 50 60 70
Shading (%)

Fig. 4 Number of seeds depending on the shade levels.

It was observed that the forage peanut presemtatihcious flowering. This behavior was also obsévg
Fergusoret al, (1992), who reported that the pintoi species flowered constantly during the periodhefirt
evaluations. There was a significant interactidieaffor shade x age on the number of seeds, ard thas a
linear increase as a function of the shade levetk the cut ages (Figure 5). Macedbal, (2012), when
evaluating the development of the number of flowarforage peanut c\vAmarillo found an increasing linear
increase in the period from February to June.
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Fig. 5: Number of flowers ofrachis pintoicv. Amarillo.

Differences were observed in stomatal densitynfata/mmz2) on the abaxial leaf surfacefoéichis pintoi
cv. Amarillo, where a linear decrease can be observed in sibd®tsity due to the shade increase (Figure 6).
Commonly, an increase in the number of stomatdsewed with increasing irradiance (MORAdEal, 2003).
The stomatal density is related to the photosymthepacity of the leaves, since, the higher thelmer of
stomata/mr the lower the gas diffusion resistance of thé [€aus, the lower density may contribute to lower
photosynthetic rate of leaves under shade (LIMA DDRIet al, 2006; GOBBI, 2007; MEDEIROSt al,
2011). However, the increased leaf area of theeshpthnts can compensate for the lower densityoofiata.
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Fig. 6: Stomatal density of the abaxial surface (SDAF B} {stomata / mm?) in relation to levels of shading
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Gobbi, (2007) obtained results similar to thos¢hed research, wherein the stomatal density (statmen?)
on both sides of the forage peanut Amarillo leaves decreased linearly with the increase idestevels in all
evaluated cuts, and the number of stomata was thahé¢éhe adaxial surface. Medeiresal, (2011), reported
that the stomatal density is a factor that directfluences the gas exchange process and the st@rapresent
according to the plant transpiration rate. Thisawdr has been observed in other species in whietretwas a
greater stomatal density in plants subjected tt igadiance (LIMA JUNIORet al, 2006). This increase in
stomatal density can be related to higher irradgignonhich the plants are submitted (LEtal, 2000).

Comparing the average stomatal density as a famaf cut days, it is observed that on both sides,
highest density was observed at 60 days compar#d Mi0 days Figure (7 - A and B). The density and
dynamics of the opening and closing of the ston@asociated with reduced leaf area become produyctivi
limiting mechanisms, since they cause a decreasbeirCQ absorption and light interception, respectively
(Medeiroset al, 2011 ). The stomatal density can be relatedhto age of the plants in various species
(RICHARDSONet al, 2000; 2001).
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Fig. 7. Adaxial stomatal density (AdSD) (stomata/mm?)).(Abaxial stomatal density (AbSD) (stomata/mmg2),
as a function of the cut days (B).

The ED/PD ratio (equatorial diameter and polanditer {im)) had no significance when submitted to the
artificial shading treatments, but there was aiigant difference regarding the cut ages (Figure 8
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Fig. 8: Equatorial and polar diametem{) ratio (ED/PD), as a function of cut age.

More elliptical stomata can be more functionatjugng transpiration (CASTRE@t al, 2009). To evaluate
the functionality of the stomata the equatorial anthr diameters are usually measured and therdlosie ratio
is to 0.1 the more functional the stomatal operang closing will be, since the elliptical shapeulesin a
higher ratio of polar and equatorial diameters.

Khanet al (2003), reported changes in shape of the stomehvdirectly affected their functionality; the
more elliptical shape is characteristic of funciibetomata, while the spherical form is more oféssociated
with stomata of low functionality.

The thickness of the epidermis in both the adaxia abaxial surfaces was influenced by the interaof
shade levels x cutting age. In Figure 9 it candenghat there was a reduction in epidermal thiskma both
sides as a function of shade levels. Gobbi (200H)s study of the morphological and anatomicarations of
forage peanutArachis pintoi cv. Amarillo) in response to different shade levels, found that shading
promoted a linear reduction in leaf thickness, andsequently the thickness of the epidermis, a\fdgth
corroborates the results obtained in the presseareh.

As s function of the cut ages, there was a sicpnifi difference of (P> 0.01) in relation to the tewd ages,
on both surfaces; at 60 days the average thickwassless than that at 120 days (Figure 9 —B andTbis
behavior was expected, because with the increatfeegshysiological age of the plants the replaceméthe
cell content by the cell wall occurs, and withhietonset of the secondary wall, there being areass in the
participation of cellulose and lignin. Furthermotiee senescence process begins, which accelenaté@xctease
of fiber content in plant structure (Descharepsal.,2002).
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Fig. 9: Epidermal thickness (um) in the adaxial surfaseadunction of shade levels, (A) Epidermal thickne
(um) in the adaxial surface as a function of theage, (B) Epidermal thickness (um) in the abaxial
surface as a function of shade levels (C) Epidethmekness (ium) in the abaxial surface as a funatio
cut age (D)

Lima Junioret al, (2006) and Pint@t al, (2007), observed in leaves Gupania vernalisand Aloysia
gratissima respectively, that the thickness of the epiderofidoth surfaces altered under different shade
conditions. Plants maintained under higher irrackashow a thicker epidermis on one or both sursesfa
According to the author, the leaf plasticity isligihced, changing the thickness, area, and ottaacteristics
of the plant body due to the higher or lower prdaturcof primary and secondary metabolites (ke¢al, 2000),
in plants with thicker epidermis there is the pb#isy that bacteria do not have quick access toagll wall to
begin the digestion process.

Shade can cause a decrease in the proportiorsofilea and support tissue, as well as reductialinwall
thickness, this is due in part to the low rib dgnsiue to the expansion of the leaf area when thetp are
subjected to shade (DICKSON, 2000;).

The plant cell wall thickness hinders plant digesby reducing the accessibility of rumen micraomigms
to the material. The digestibility of the cell wakn range from 0% to 100% according to the thiskrend
composition of plant tissues (SILVAt al 2012). A linear reduction in the thickness of #mdermis of both
surfaces explains the high percentage of digeiyiile to the shade level increase.

The above has been demonstrated in the workaiiliRg (2008), who reported that low digestionsoime
tissues arises from dense arrangement of cellsheadhigh cell wall thickness and also the presewoiclignin.
Therdigestibility shows a marked decrease witha@asing physiological age of the plant showing tiat
developmental stage is one of the factors thatémite the nutritional value of forage (PACIULLO129.

There was an effectof the interaction shading &xage on thickness (um) of the palisade parenchyma,
spongy parenchyma and mesophyll, where there viasar reduction as a function of the shade levats, a
linear increase in thickness as a function of thteages (Figure 10).

The thickness of the palisade parenchyma (PP)edsed due to shading and cut ages. Results asfthat
Gobbi et al, (2011), are similar, in part; the reduction wasrelation to shade levels due to the reduced
thickness of palisade parenchyma subjected to siaddh reduced the size and/or number of its célisiay
also have contributed to the decrease in the pdadder leaf density.

In leaves subjected to shading, characteristich s thin palisade parenchyma, the lower numbefoan
smaller size of the cells, as well as a higher pribpn of intercellular spaces, may represent aengit to
decrease the resistance to diffusion of gases)(@hin inside the leaf, seeking to increase i®fosynthetic
efficiency (GOBBIet al,2011).

The spongy parenchyma (SP) showed the same behasidhe palisade parenchyma, the thickness
presenting significantly linear and negative aarecfion of the artificial shading levels and cueagThe results
were the opposite of the work of Golaial, (2011), which did not present an alteration dsretion of the
treatment employed, however the lowest averag&rnbigs was presented at the 50% shade level, aigaani
thickness increase at the 70% level, unlike tlesemt work where the reduction in the SP thickmesslinear
due to the increased shade levels, in the first cut

In the second cut the results of Gokbial, (2011) were the opposite of those of the presenk; they
presented an increase in the SP thickness inaeladiincreased shade levels. Ivanova & P'yank6@Z2 found
a higher proportion of spongy parenchyma, whictrasgnts a form of photosynthetic acclimation todgig
since its cells promote better light dispersioagcteng results opposite to those of the presenk.wor
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Fig. 10 Palisade parenchyma thickness as a function adesttevels (A); Palisade parenchyma thickness in
relation to cut ages (B); Spongy parenchyma thisknas a function of shade levels (C); Spongy
parenchyma thickness in relation to cut ages (D3sdphyll thickness as a function of shade levels
(E); Mesophyll thickness in relation to cut ages.(M

There were significant effects on the thicknesshef mesophyll presenting a linear reduction ickhess
due to the shade levels and cut ages, these @atheaopposite of those of Goldtial, (2011), where there was
no significant difference between the evaluatedttnents. When evaluating the effects of three el
shading (0, 40 and 70%) on leaf anatomy of fesitweas found that the mesophyll in the cross sectibthe
leaves also showed no significant difference betwhe treatments when submitted to different sHadels
(Allard et al, 2007).

The coefficients of dry mattén vitro digestibility increased linearly in relation to slealevels (Figure 11).
These results were similar to those obtained byiuRacet al, (2007), who also found an increase in
digestibility in plants subjected to shade.
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Fig. 11 Coefficients of dry mattein vitro digestibility, in relation to shade levels (A); Gheents of dry
matterin vitro digestibility, as a function of cut ages (B).

However, works evaluating shade levels are coiti@gy, since the lower cell wall thickness foumdthe
present study explains the high digestibility cmééhts in relation to the shade levels by the fhet a lower
proportion of secondary walls, and therefore adinacrease, can increase the digestibility of {slaubjected
to shading (ANDRADE & VALETIM, 2004).

When working with forage peanut subjected to iasheg shade levels (0, 50 and 70%), Godtbal,
(2009) found that digestibility was not significenaffected in relation to shade levels. Petral, (2007) found
similar results in which there were no significaffects of artificial shade levels on digestibildgefficients.

Regarding cut days coefficients, the dry maitewitro digestibility decreased linearly as a function of
increased plant physiological age (Figure 11 Byeneral this happens because the plants losentligitional
value with advancing age due to increased ligrtifice Paciulloet al (2002) observed that the digestibility
presents a sharp decline with increasing age, dstnatimg that the stage of development is the rimogbrtant
factor influencing the nutritional value of foragkants.
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The shade levels and cut ages influence the yéldry matter, leaf area epidermis and mesophyll,
thickness and also in flower production and coneatijy seed production. Leaves Afachis Pintoicv.
Amarillo presented adaptational plasticity to the enviramnte which they were submitted, influencing the
density and equatorial and polar diameter of tenata. Higher digestibility coefficients were alsbserved
due to the increased shade levels. It was aslfiectthat at 60 days of age the plants showed |amgmatter
coefficients, but demonstrated higher digestihility

Conclusion:

The leaves oA. pintoicv. Amarillo presented adaptational plasticity to the enviramnie which they were
submitted, influencing the anatomical properties tiesult in higher or lower utilization by rumirtamimals, in
which we observed higher digestibility coefficieatscording to the shade levels.

With the data obtained in this study we observed the forage in question presents good adaptatidn
tolerance to shade, its use being possible in agrsf and silvopastoral systems without developabent
production and nutritional value losses.
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