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Morphology and stability of aggregates of an Oxisol according to tillage
system and gypsum application

Fabio Régis de Souza&dgard Jardim Rosa JunigrCarlos Ricardo Fietz Douglas Martins Pereira Pellfn
Anderson Cristian Bgamir?, Evando Gelairf, Yara Brito Chaim Jadim Rosa

ABSTRACT

Morphological characterization and aggregate stability is an important factor in evaluating management systems.
The aim of this paper is to evaluate the stability and morphology of the aggregates of a dystrophic Oxisol managed
with no-tillage and conventional tillage with and without the residual action of gypsum. The experimental design was
randomized blocks arranged in split-split plot, where the treatments were two soil management systems (plots) with 0
and 2000 kg h&of gypsum (subplots) and five depths (0-0.05, 0.05-0.10, 0.10-0.15, 0.15-0.20 and 0.20-0.30 m) as the
subsubplots, with four replications. The aggregate morphology was determined through images and later evaluated by
the Quantporo software. Stability was determined by the wet method. The results showed that the no-tillage system,
with or without gypsum residual effect, provided the aggregates with the largest geometric diameters. The combination
of no-tillage system and the gypsum residual effect provided rougher aggregates.

Key words: soil structure, gypsum, til

RESUMO

Morfologia e estabilidade de agregados de um Latossolo em funcéo do manejo e da gessagem

A caracterizacdo morfolégica e a estabilidade dos agregados constituem fatores importantes na avaliacao dos
sistemas de manejo. O objetivo deste trabalho foi avaliar a morfologia e a estabilidade de agregados de um Latossolo
Vermelho distroférrico, manejado com plantio direto e plantio convencional, com e sem acao residual de gesso. O
delineamento experimental foi em blocos casualizados, arranjado em esquema de parcelas subsubdivididas, em que os
tratamentos foram dois sistemas de manejo do solo, (parcelas) e com 0 e 2008ekgdss0 (subparcelas) e cinco
profundidades (0-0,05, 0,05-0,10, 0,10-0,15, 0,15-0,20 e 0,20-0,30 m) sendo as subsubparcelas, com quatrédrepeticdes.
morfologia dos agregados foi determinada por meio de imagens e, posteriormente, avalsdayaetuantporo;

a estabilidade foi determinada pelo método da via Umida. Os resultados demonstram que o cultivo em sistema plantio
direto, com ou sem efeito residual de gesso, proporcionou maiores diametros geométricos de @gcegatioacao
entre plantio direto e efeito residual de gesso proporcionou agregados mais rugosos.

Palavras-chave estrutura do solo, gessagem, preparo do solo.
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INTRODUCTION Cremon (2007) discuss that the use of digital analyses
. . to measure the quality of the soil allows the
The anthropic impact on esgstems has been a major o . .
. . characterization of the aggregates according to their
factor for land degradation, through practices that cause

A . . . . ﬂeometrlc shapes, using measures and indices of
rapid disintegration, rainfall effects and the direct action . o
. \ . micromorphometryOlzeviskiet al (2004) and Cremon
of agricultural machinenchanging the structure of macro

.. 2007) also argue that the soil structure represents its own
and microaggregates (Lacerefal,, 2005; Gajicet al, ( ) g P

. . .,_copstitution, as expressed by the size, shape and
2006). The destruction of soil aggregates can be con&degad1 L P y P
o . . istribution, or the arrangement of empty spaces and
as the beginning of the erosion process and this has been

i fimary or secondary solid particles.
used as an index of erodibility (Castilébal.,, 2008). prt Y . ¥ SOl p' I. .
: ) Understanding and quantifying the impact of the use
The dynamics of aggregation results from an

. . : _ and management of soil in its structural quality are funda-
interaction of factors that include the environment, root : . :

. o . . ‘mental in the development of sustainable agricultural
growth, mineral composition of the soil texture, soil organic

. N . s{xstems. Therefore, the objectives of this work were to
carbon, pedogenic processes, climatic factors, microbi

. . o ) ) evaluate the morphology and stability of soil aggregates
activity, nutrient reserves, variation in the soil moisture

and leaching of ions (Smucker & Horn, 2005; Pullemian Z;ZJ;C;?(;;;;X? types of managements and the residual
al., 2005, Bronick & Lal, 2005).

The management, use and duration of soil use
promote different changes in soil properties, such j\éATERIAL AND METHODS
structure, which is related to the aggregation. The The study was conducted in an experimental field of
changes in aggregation caused indirectly affect otheie Faculty ofAgricultural Sciencesrederal University
physical properties such as densitgrosity aeration, of Grande Dorados, located at the coordinates 22° 12' S
the retention capacity and water infiltration (Bayer &nd 54° 56W, with 452 m of attitudeThe climate,
Mielniczuk, 1999). according to Képpen classification, is of type Crhe

Water stable aggregates contribute to improving thgil of the experimental site is classified as Oxisol (Embrapa,
porosity and thereby greater infiltration and erosion999), originally under cerrado vegetation in the transition
resistance (Matost al, 2008). The unstable aggregateszone with the rainforest. The area has not been previously
when on the surface, tend to disperse and disappear unglgitivated and the current predominant vegetation is a
the impact of raindrops (Assis & Bahia, 1998). mix of grasses.

According to Calonego & Rosolem (2008), soil  The natural vegetation was initially incorporated into
aggregation can be induced, as the roots exert presstiie soil by ploughing and harrowing.
on the mineral particles during its growth in the pore space, The granulometric composition of the soil, wich was
promoting the approximation of the particles. determined by the pipette method (Embrapa, 1997), was:

Besides aggregation induced by roots, the stability 844 g kg clay, 203 g kg silt and 153 g k§of sand, within
aggregates is also determined by cementing agents stigdfirst 0.20 m.
as organic matter and iron oxides (hematite and goethite), The experiment was conducted in a randomized block
aluminum (gibbsite) and calcium. (Shairdp&rLevy, 1995; design with a split-split plot arrangement: the treatments
Silva & Kato, 1997Albuquerqueet al, 2000). consisted of management (tillage and conventional tillage,

Gypsum is one of the main sources of calcium of the plots); gypsum doses of 0 and 2000 kg(Bglit plots)
relatively low cost. Its effects on the flocculation of soiland five layers (0-0.05, 0.05-0.10, 0.10-0.15, 0.15-0.20 and
particles reflect in the improvements of soil structure angl.20-0.30 m) as the split-split plots, with four replications.
aggregation (Rosa Juniet al, 1994; Rosa Juniat al, In August 2003, after the soil analysis, liming was
2006, Souzatal, 2010). performed in all treatments to raise the pH to 6.5. In the

Types of soil management are characterized by theeatment with gypsum, the lime was broadcasted and
continuous intake of plant waste and minimum soihcorporated with harrows, in the first 2 weeks of October
disturbance by practising conservation tillage, whicR003.
favours the improvement and conservation of soil Three test pits (0.50 m wide x 0.50 m long x 0.40 m
aggregates, while the management with preparation bgep) were excavated in each plot for soil sample
ploughing pulverizes the surface layer and promotes rapidllections. The plot size was 4056.in the conventional
decomposition of crop residues added to the soil, astitlage system, the operations consisted of a primary pre-
the conventional tillage, with ploughing and harrowingpare with an intermediary harrowing and a secondary pre-
reducing the stability of aggregates and increasing tipare with a levelling harrowing. The operations of soil
rate of organic matter oxidation (D’Andretal, 2002).  preparation were always conducted Ivefine sowing of
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the crops, in the harvests of 2003/2004, 2004/2005, 20@B£ combination of wavelengths of red, green and blue.
2006, 2006/2007 and 2007/2008. The species grown ovidrese colors according Ybana (2001), are combined to
this period were, in succession, soybean/corn amdoduce color images and the information contained in
soybean/oat. each pixel is composed by their relative values.

To determine aggregate stabilitypamples were The RGB image is then subjected to filtering by the
collected from the soil in the pits, with the structurenedian filter that operates by replacing the valuesg
preserved, in the study layers of each @éter being air each pixel by the median value of the pixels in the
dried and clod crushed by hand, the fraction that passsarroundings. Its main effect is to reduce stray pixels,
through a sieve with 9.52 mm mesh and was retained omost of these, constituting noises that cause distortions,
the 4.76 mm mesh was separated. The stability ekpecially in perimeter measures.
aggregates was obtained by sieving in wateing a ver Allimages were converted into their binary form, i.e.,
tical oscillator of amplitude of 0.08 m and frequency of 4@onstituted only by the colors black and white, through
oscillations per minute, based on Kemper & Chepil (196%he threshold by which the images were segmented using
and the adaptations proposed by Reichetdtl, 1993; the threshold technique. The images can be obtained using
Embrapa, 1997; Castro Filled al, 1998 and Palretal, any image software and after the processing by
1999. Quantporo.

The separate fractions corresponded to aggregates >The variables evaluated in the aggregates weez
8.00 mm:; 8.00 to 6.00 mm:; 6.00 to 4.00 mm; 4.00 to 2.00 MIMR): corresponding to the number of pixels of the
2.00t0 1.00 mm; 1.00 to 0.50 mm; 0.50 to 0.25 mm; 0.2polygon; Perimeter (PER): length of the projection of the
0.105 mm and < 0.105 mriwvith these values, it was outer limit of the aggregatéyppearance (APP), which
calculated the mean weight diameter (MWD) by thgrovides the result between zero and one, and as the
equation 1, and the geometric mean diameter (GMD), Ibigher the value, the greater the degree of rounding;

the equation 2. Elongation (ELO), which is the ratio between the length
MWD=Z{1(MDi.xi) (1)of the smaller axis and the I_ength of th_e larger aX|s._
- The results were submitted to variance analysis and
GMD=103", (MDilogxi)/ 3" MDi ) when the F test showed significance, the trea_t_meljt means
B B were compared by thieukey test at 5% probabilitysing
where: the statistical softwarkssistat (Silva &Azevedo, 2006).

MDi = the proportion of aggregates in the different CIaSRESULTS AND DISCUSSION

ses of sieves, and

After 55 months of the implementation of the

nagement systems and gypsum application, there was
To determine the morphological characteristicssignificant effect on following aggregate characteristics:

aggregates were collected in the screens of 4.76 to 9§2ometric mean diametemean weight diameter

mm and 2.00 to 4.76 mm, in the layers 0-0.05, 0.05-0.10, O.é[bngation, aspect, area and perimeter

t0 0.15, 0.15-0.20 and 0.20-0.30Awthe time of sample  There was interaction of soil management with the
collection, the aggregates were separated by sieving Wigsidual effect of gypsum for geometric mean diameter
ten light and constant movements, then they were pack@siviD), and influence only of the type of soil management
in a smooth and rigid plastic containprotected by two for this variable (@ble 1), and no &fct for mean weight
foam layers (top and bottom) and transported withoiameter (MWD). The soil management that had higher
agitation that could change the original structure. TheMD was no-tillage with and without residual action of
samples were air dried before being subjected to analysjypsum. Florest al (2008) analyzed the structural

Approximately 60 aggregates were randomlyecovery of the soil by the no-tillage system and also
distributed on a scanner (HP 6000C, with optical resolutidound similar effect, resulting from the untilled surface
of 1200 dpi) for imaging. The images were processed usif@yer. Possibly the decrease observed in conventional
the software Quantporo. The resolution used in the imagkage is due to the greater degree of tillage, also observed
acquisition was 300 dpi, for both classes of aggregatbg Carvalho Filh@t al. (2007) According towendlinget
analyzed. This resolution has the capacity to process aald (2005), the use of characteristics such as GMD and
analyze different images and measure or evaluate thBVD to analyze the effects of management systems allow
morphological characteristics of objects in general.  greater sensitivity in assessing soil structure.

The RGB colour system was used in the preparation There was significant interaction (p <0.05) between
of images for further analysis, with the colors formed bthe layer and soil managemenglle 2).The no-tillage

xi = the average value of aggregates of each class (mr;r1])é1
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system showed higher value$ geometric mean diameter ~ The stacking of the units of dehydrated 1:1 minerals,
in the layers 0-0.05, 0.05-0.10 and 0.10-0.15 m, and for mesunch as kaolinite, may promote the approaching of ions
weight diameter in the layers 0-0.05 and 0.05-0.10 n@* and OH. This effect makes the mineral more cohesive
compared with the conventional planting, which agreeand less crystalline, leading to a change in the direction
with Calegarket al (2006), who observed the same trendof the expansion of the structure and to a preferential
However within the type of management itself, it wasdirection of growth, making it longer and wid€he shape
found that, the depth increases with the diameter of tloe the relations of length of the axes partly controls the
aggregates, which corroborates the data of Sousagletdehavior of the axes during transport and deposition,
al. (2008) and Saltomt al. (2008) These authors foundwhile rounding (or angularity) reflects the distance and
that this behavior is due to the organic matter content aEcuracy of the transport. Thus, aggregates that have
the soil, because there is a decrease in the amount of tfigracteristics of greater elongation provide to soils
cementing agent of aggregates with increasing depth.greater resistance to particle transport, meaning less

Significant effects for the morphological attributes okrosion.
the aggregates retained on the sieve mesh from 4.76 toThe attribute aspectéble 4) imparts results between
9.52 mm. The residual effect of gypsum increased tleero and one, in which the higher the value obtained, the
elongation of the aggregatesaflle 3), which expresses higher the degree of roundness. It is evident that the
the relationship between the length of the minor axis ardnventional tillage promoted higher degree of roundness
the length of the longest axis, in which the higher its valuat the depth of 0.05-0.10 m, compared with no-tillage.
the smaller the difference between the lengths of perpen- There was greater roundness of the aggregate and
dicular axes and the lower the elongation. reduction in roughness in the conventional tillage(&

The attribute elongation showed valudslow 1.0, 4). This have been more pronounced at a depth of 0.05 to
inferring that the aggregates have a more polyhedr@l1l0 m, probably because the action of the harrow in
shape, confirming results obtained by Met@l (2008). destroying the edges of these aggregates, or by the effect
According to these authors, the elongation can occun$ incorporation of aggregates that were on the surface,
depending on the mineralogical composition, mainly iand therefore susceptible to the dispersing water droplets
Oxisols, by the presence of kaolinite. from the rain.

The aspect also varied within each system. The
Table 1.Geometric mean diameter of aggregates in an Oxisobnventional tillage had greater value at the depth of 0.05-
under different management and residual effect of gypsum 0,10 m, but did not differ from that recorded at depths of

GYPSUM No-tillage Conventional 0.05-0.10, 0.10-0.15 and 0.20-0.30 m, and these did not differ

System system from that at the depth of 0.15-0.20 m. For the no-tillage,
(kg ha?) mm the highest value was found at a depth of 0.20-0.30 m, but
0 6.10 aA 5.04 bA this value did not differ significantly from the depths of 0-
2000 5.92 aA 4.88 bA 005, 0.10-0.15 and 0.15 - 020 m. The depth that showed
CV%a 1509 the lowest value of surface roughness was 0.05-0.10 m
CV%b 21.58 (Table 4)

_ , Olzeviski et al. (2004) argued that the index of
Means followed by the same small letter in the row and capital d . t t that | i
letter in the column are not significantly different by the test§ of rc_)un ness in management systéms that cause _e§S sol
and Tukey (P <0.05). disturbance must have lower values, because this index

Table 2.Geometric mean diameter and mean weight diameter of the aggregates of an Oxisolfarefgnddnagement systems and
at different depths

No-tillage Conventional Tillage No-tillage ConventionalTillage

Depth (m)
GMD (mm) MWD (mm)

0-0.05 7.44 aA 5.06 bA 7.96 aA 6.56 bA
0.05-0.10 7.10 aAB 5.44 bA 7.79 aA 6.82 bA
0.10-0.15 6.45 aB 5.39 bA 7.36 aA 6.79 aA
0.15-0.20 5.12 aC 4.92 aA 6.33 aB 6.28 aA
0.20-0.30 3.94 aD 3.99 aB 5.45 aC 5.53 aB
CV%a 15.09 11.26
CV%c 10.45 7.40

Means followed by the same small letter in the row and capital letter in the column are not significantly different by the~tesid of
Tukey (P <0.05).
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is dependent on the perimeter measure. Thus, larger Comparing the perimeter of the aggregates in the two
roundness valuesmust be found for aggregates fromsystems, it appears that the conventional planting caused
management systems that are more aggressive to bieakage of aggregates, making them small@bl€T5).
structure, since these tend to lose the roughness of #hethe perimeter has intrinsic relationship with the area of
outer surface, thus reducing the perimeter the aggregates, these smaller areals occur due to the

The no-tillage system provided a significant increasaction of farming practices and erosive agents (Crezhon
in aggregate size compared with the conventional tillags., 2009).

(Table 5). Similarly to theaggregate area, the no-tillage  Table 6 shows the results of the unfolding of the

showed greater perimetebut when the attribute interaction between soil tillage and depth, in the evaluation
elongation was evaluated, no significant difference wad morphological characteristics of the aggregates in the
found between the systems. range of sieve meshes between 4.76 and 2.00 mm.

The aggregate area is an important attribute in the The area of aggregates retained in this range was
structural characterization of the soil, since an aggregajeeater in no-tillage at a depth of 0-0.05 m compared with
of greater area means that the soil is better able to withstahd conventional tillage, agreeing with the findings of
fragmentation caused by winds, action of raindrop&remon (2007), in which the input of plant material in the
topography surface rundf animal trampling and soil and the non-revolving increased the aggregate area.
compression-induced by tractors and agriculturdfiowever at the other depths, there was no significant
implements. difference among tillage systems.

The larger area ofoil aggregates in no-tillage may be  The aggregate area for the different systems varied
associated with the ganic matteragreeing with reports significantly as a function of depth. In the no-tillage
by Olzeviskiet al (2004). These authors observed thatystem, the depths of 0-0.05 and 0.05-0.10 m showed
no-tillage tended to larger aggregate areasmpared larger areas, while the depth of 0.20-0.30 m showed the
with the conventional system, which uses harrow$owest rates of aggregate area. In the conventional
moldboard plowdisk plow and disk rippesince the no- tillage, the largest area was at a depth of 0.10-0.15 m,
tillage is a system that causes less damage to the soild the smaller areas were at a depth of 0.20-0.30 m.
structure, and the conventional system, in this case thais behavior also occurred in the no-tillage. The
disk plow breaks and pulverizes the soil aggregates. elongation (&ble 6) was higher for the conventional

tillage at the depths, in descending ord=r0-0.05,
0.10-0.15 and 0.05-0.010 m.
Table 3.Elongation of the aggregates of an Oxisol retained in The attribute aspect, which indicates the degree of
sieve meshes ranging from 9.52 to 4.76 mm, with and Witho%ughness of the aggregates, differed significantly among

residual effect of gypsum the systems only at the depth of 0.05-0.10 ab(@ 6). In
GYPSUM (kg ha?) Elongation the conventional tillage system, this value was higher

0 0.6820 b probably because this system causes the edges of the
2000 0.6911 a aggregates to break at this depth. This behavior is similar
CV % 2.08 to that observed for the same variable in the aggregates
Means showing different letters are significantly different by thd@tained in the sieve mesh range of 9.52 to 4.76 mm. Itis
Tukey's test at 5% probability noteworthy that aggregates that show this effect decrease

the contact face, relatively reducing the porous space in

the soil.
Table 4.Morphological aspect of aggregates of an Oxisol retained . L .
protog P goreg For the perimeterthere was significant dérence

in sieve meshes ranging from 9.52 to 4.76 mm in different types

of soil management and depths between the managements only at the depth of 0-0.05 m,

No-tillage Conventional tillage and the no—_tlllagt.-:‘ system prov!deg.thegtaa’t p.erllmeter
Depth (m) however this attribute diered significantly within each

Aspect soil management system. It was found that in the no-tillage

0-0.05 0.8371 aAB 0.8513 aA system, there was decrease of the perimeter of aggregates
0.05-0.10 0.8161 bB 0.8360 aAB with the increase of the depth. Ma&bal. (2008) discuss
0.10-0.15 0.8291 aAB 0.8347 aAB that this effect can be attributed to the composition of
0.15-0.20 0.8368 aAB 0.8242 aB Oxisols, in which the larger amounts of gibbsite, goethite
0.20-0.30 0.8406 aA 0.8333 aAB ’ ’

oV 2 %0V o 179105 and hematite favoured the increase in the aggregate area,
a of " ¢ ;’ — St m - 5 because of the greater tendency to neutralization of the

Means followe y the same small letter in the row an capit . .. . . .

letter in the column are not significantly different by the test o?.legatlve charges on kaolinite particles, contributing for

Tukey (P <0.05). the growth of the aggregates.
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For the attribute morphological aspect of aggregatesiorphological variables area and perimeter; howevdy
there was a significant interaction between so#tthe depth of 0-0.05 m. The aggregate area decreased as
management and residudiesft of gypsum (&ble 7), and a function of depth, both in the presence and absence of
the valuesfor the conventional tillage system were simithe residual déct of gypsumAt other depths, it varied
lar to those for no-tillage without the residual effect o&s the soil profile deepened.
gypsum. The aggregate area, analyzed with the use of images,
In the presence of the residual of gypsum, the aspeeas lower in the presence of gypsum. Letatal (2002),
of the aggregate was higher in the conventional systemorking with rates of gypsum in soil columns, found a
In the no-tillage, the residualffett of gypsum was smaller

which is desirable because the aggregates that exhipitb . o
his ch . heh h I h able 7.Aspect of the aggregates of an Oxisol retained in sieve
this characteristic are roughhe roughness allows that meshes ranging from 4.76 to 2.00 mm, under different management

the disintegration ability and transport of particles by thgystems and residual effect of gypsum
acuop of soil _runoff is reduced,. leading to deposition L Psum (kg ha
erosion sediments at the site of the phenomenon

1 No-tillage Conventional Tillage

occurrence by means of the microdepressions formed g)a/oo 8'253? 22 ooézf)zlaiA
the roughness (Bertet al, 1987, Bertokt al, 1989; Cas- v ath 5 93151

troetal, 2006). Cvb %

The mteractlon between the reSIdua_I effect of gypsu'l\'/l'eans followed by the same small letter in the row and capital
and depth is shown iable 8.The residual ééct of jetter in the column are not significantly different by the test of
gypsum caused significant difference for thdukey (P <0.05).

Table 5Area, perimeter and elongation of aggregates of an Oxisol retained in sieve meshes ranging from 9.52 to 4.76 mm, as a function
of the management

Management System Area (Cm?) Perimeter (Cm) Elongation
No-Tillage 0.4118A 2.7190A 0.6824A
Conventional Tillage 0.3646 B 2.5352 B 0.6907A
CV (%) a 10.09 6.79 7.91
CV (%) c 15.26 7.40 2.08

Means followed by the same small letter in the column are not significantéredif by theF test at 5% probability

Table 6.Morphological characteristics of the aggregates of a Oxisol retained in sieve meshes ranging from 9.52 to 4.76 mm, under
different management systems and different depths

Depth (m) No-tillage Conventional Tillage No-tillage Conventional Tillage
Area (cnt) Elongation

0-0.05 0.1111 aA 0.0784 bB 0,6969 bAB 0,7468 aA
0.05-0.10 0.1004 aAB 0.0874 aAB 0,6730 bB 0,7033 aB
0.10-0.15 0.0953 aBC 0.0943 aA 0,6759 bB 0,7127 aAB
0.15-0.20 0.0915 aBC 0.0926 aAB 0,7191 aA 0,7092 aB
0.20-0.30 0.0829 aC 0.0789 aB 0,7158 aA 0,7353 aAB
CV (%) b 22.56 4.03
CV (%) c 11.28 3.60

Aspect Perimeter (cm)
0-0.05 0.8298 aAB 0.8366 aA 1,3922 aA 1,1165 bB
0.05-0.10 0.8149 bB 0.8380 aA 1,3500 aAB 1,2219 aAB
0.10-0.15 0.8239 aAB 0.8130 aB 1,3100 aAB 1,2652 aA
0.15-0.20 0.8235 aAB 0.8173 aAB 1,2398 aBC 1,2565 aA
0.20-0.30 0.8402 aA 0.8348 aAB 1,1810 aC 1,1267 aB
CV (%) b 2.93 10.88
CV (%) c 1.89 6.44

Means followed by the same small letter in the row and capital letter in the column are not significantly different by the test of Tukey (P
<0.05).
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Table 8.Morphological characteristics of the aggregates of a Oxisol retained in sieve meshes ranging from 4.76 to 2.00 mm, under
different management systems and different depths

0 kg hat 2000 kg hat 0 kg ha* 2000 kg hat

Depth (m) g g g g
Area cnt Perimeter cm

0-0.05 0.1011 aA 0.0884 abB 1.3174 aA 1.1913 bAB
0.05-0.10 0.0901 aAB 0.0976 aA 1.2708 aAB 1.3010 aA
0.10-0.15 0.0988 aA 0.0908 aAB 1.3194 aA 1.2558 aAB
0.15-0.20 0.0890 aAB 0.0951 aA 1.2198 aAB 1.2765 aA
0.20-0.30 0.0828 aB 0.0790 aB 1.1602 aB 1.1475 aB
Cv%b 11.9611.38 6.446.73
Cv%c

Means followed by the same small letter in the row and capital letter in the column are not significantly different by the test of Tukey (P
<0.05).
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