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ABSTRACT

From the perspective of the use of sweet potato branches for
animal feed, there is a lack of information on the influence of
this action on hay quality. Therefore, the objective was to study
the association of sweet potato yield attributes with chemical-
bromatological characteristics of hay. Ten sweet potato clones were
evaluated, conducted in randomized blocks with five replications.
Green and dry mass yield, dry mass content, leaf and stem ratio,
total and commercial root yield, and chemical and bromatological
characteristics of hay from the branches were determined. Phenotypic
correlation and trial analysis between characteristics were estimated.
Selection for the highest yield of roots and commercial roots may
provide increased hay of crude protein, neutral detergent fiber and
acid and total soluble sugars. However, selection for the highest root
yield has a negative effect on the starch content of hay and deserves
special attention from the breeder.
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RESUMO

Associacio entre caracteres agrondomicos e qualidade de feno
de ramas de batata-doce

Sob perspectiva do uso das ramas de batata-doce para a
alimentacdo animal, ha caréncia de informacgdes da influéncia
desta acdo sobre a qualidade do feno. Logo, objetivou-se estudar
a associagdo dos atributos de produtividade da batata-doce com
caracteristicas quimicas-bromatologicas do feno. Foram avaliados
dez clones de batata-doce, conduzidos em blocos ao acaso com
cinco repeti¢des. Determinou-se as produtividades de massa verde
e seca, teor de matéria seca e a relagdo folha e haste das ramas, a
produtividade total e comercial de raizes, e, caracteristicas quimico-
bromatoldgicas dos fenos a partir das ramas. Estimou-se a correlagdo
fenotipica e a andlise de trilha entre as caracteristicas. A sele¢do
para a maior produtividade de ramas e de raizes comerciais pode
proporcionar o aumento no feno da proteina bruta, fibra de detergente
neutro e acido e agucares soluveis totais. Porém, a selecdo para a
maior produtividade de raizes tem efeito negativo no teor de amido
do feno, merecendo atengdo especial do melhorista.
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he search for supplies for grazing

animals in the dry season is constant,
as there is usually a great shortage of
pastures, causing animal mortality due
to lack of food (Viana et al., 2011).
This fact determines the demand by the
producer of food alternatives in order
to supply the low forage availability
for ruminant animals thus establishing
a nutritive efficiency for their growth
and development (Ferreira ef al., 2014).

Thus, sweet potato (Ipomoea
batatas) may be an alternative
because, despite being traditionally

cultivated for the production of roots
for human consumption, its branches
have satisfactory characteristics for
animal feed, because they are rich
in sugars, vitamins and have high
crude protein content, total digestive
nutrients and digestibility (Pedrosa et
al., 2015). Sweet potato is a tuberous
vegetable with wide adaptation to
different environments, characterized
by its rusticity, low production cost and
mainly cultivated by small producers
(Andrade Junior et al., 2016).

Due to their high protein content,
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sweet potato branches can be fed to
various animal species such as pigs
and cattle (Veiga et al., 2009; Ly et
al., 2010). Branches can be supplied to
animals in fresh form, dried or preserved
in silage (Andrade Junior et al., 2014;
Pedrosa et al., 2015). However, one
form of use in animal feed is the use of
hay branches.

The haymaking technique is based
on the principle of conservation of the
forage nutritive value through rapid
dehydration, in the face of paralysis
of the respiratory activity of the plant

27


http://orcid.org/0000-0002-5010-7725
https://orcid.org/0000-0002-3906-2431
https://orcid.org/0000-0001-5196-0851
http://orcid.org/0000-0003-0761-8287
http://orcid.org/0000-0001-6238-1644
http://orcid.org/0000-0002-7066-3681
https://orcid.org/0000-0003-3559-5254
http://orcid.org/0000-0002-9445-3136
mailto:luan_mateus_sd@hotmail.com
mailto:davi_martinsoliveira@hotmail.com
mailto:davi_martinsoliveira@hotmail.com

and of microorganisms, baling and
storage (Calixto Junior et al., 2012).
For good quality hay production it is
necessary to take into account the use of
plants with high nutritive value, easily
dehydratable, which is related to cuticle
thickness, stem diameter and length and
leaf/stem ratio among others (Andrade
et al., 2000).

This haying process has not been
reported for the conservation of sweet
potato branches, which indicates the
need for research aimed at increasing
the producer’s alternatives for animal
feed throughout the year. Thus, studies
of cultivars with high yield of roots for
human consumption and branches for
animal feed become important in order
to obtain information on both agronomic
and hay quality characteristics.
Therefore, the objective of the present
research was to study the relationships
between the agronomic characteristics
of sweet potatoes for the municipality
of Diamantina-MG and the qualitative
characteristics of hay.

MATERIAL AND METHODS

The work was conducted in the
Olericulture sector of the Department
of Agronomy of the Universidade
Federal dos Vales do Jequitinhonha
e Mucuri (UFVJM), in Diamantina-
MG (18°12°17’S, 43°34°20”W, 1,400
m altitude), from September 2015 to
April 2016. The soil of the experimental
area is classified as a typical Arctic
Quartzarenic Neossol (Embrapa, 2013).

The experimental design was a
randomized complete block with
10 treatments (genotypes) and five
replications, totaling 50 experimental
plots of two rows, 4.5 m each. Spacing
was 1.0 m between rows and 0.30 m
between plants. The evaluated clones
(UFVIM-07, UFVIM-10, UFVIM-13,
UFVIM-15, UFVIM-23, UFVIM-35,
UFVIM-37, UFVIM-45, UFVIM-46,
UFVJM-54) belong to the sweet
potato germplasm bank of UFVIJM,
and presented potential for use in
animal feed, mainly in the form of
silage (Andrade Junior et al., 2016).
The germplasm bank is formed by
specimens from various Brazilian
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regions, including the Jequitinhonha
Valley.

Planting fertilization consisted of
10 t ha! organic compost and 30 kg
ha' nitrogen. Selected and standardized
branches with eight knots were planted,
burying from 3 to 4 knots. At 30 days
after planting the branches, 30 kg ha'!
nitrogen was applied as ammonium
sulfate. Planting, mulching, irrigation
and weeding were made as recommended
for the crop (Filgueira, 2008).

Characteristics evaluated

Branches and roots were harvested
150 days after planting, when the
roots were developed. The analyzed
characteristics were: a) green mass yield
of branches (BGMY) (tha'') determined
by weighing the harvested branches; b)
dry mass content of the branches (DMB),
quantified by samples of the newly
harvested branches. Homogeneous
samples of 500 g in each experimental
unit were placed in paper bags and kept
in an oven with forced ventilation at
60°C, until reaching constant mass; c)
branch dry mass yield (BDMY) (t ha!),
obtained by the product between green
mass yield and root dry mass content;
d) leaf and stem ratio (LS), determined
by the ratio of leaf dry mass to stem
dry mass, of a representative sample of
branches, approximately 500 g of fresh
material, separated into leaf and stem
fractions that were weighed and placed
into an oven with forced ventilation
at 60°C until constant weight; e) total
root yield (TRY) (t ha'), obtained by
weighing the roots; f) commercial root
yield (CRY) (t ha'), selection of roots
with mass between 100 and 800 grams,
without cracking, deformed, greenish,
perforated or with veins.

For hay production, the sweet potato
branches were crushed into pieces,
approximately 3 to 5 cm, later taken to
the greenhouse and distributed to the
experimental plots over plastic canvas
inuniform layers of 2 to 3 cm for drying
until reducing the moisture content of
fresh branches to less than 18%, during
about four days.

After obtaining the hay, 500 g of
material were collected in each sample
unit, taken to the oven with forced air
ventilation and kept at 60°C for drying
until constant mass. The material was

then sent for chemical-bromatological
analysis to obtain 1) neutral detergent
fiber (NDF); 2) acid detergent fiber
(ADF) and 3) lignin (LIG) according to
Detmann et al. (2012); 4) crude protein
(CP) obtained by the LECO® CHNS
/ O elemental analyzer and the value
multiplied by the conversion factor 6.25;
5) total soluble sugars (TSS) and 6)
starch, through Mc Cready et al. (1950)
with values expressed as percentage of
dry mass.

Statistical analysis

Statistical analyzes were performed
using Genes software (Cruz, 2013).
A correlation matrix between the
characteristics was estimated, which
was tested for multicollinearity by the
matrix condition number (NC) proposed
by Montgomery et al. (2012). To unfold
the correlation into direct and indirect
effects, we resorted to trial analysis.
When multicollinearity (NC>1000)
was identified, the crest or communal
trial analysis methodology was used
(Cruz et al., 2012). The dependent
(basic) variables considered were the
characteristics associated with hay
quality: CP, ADF, NDF and starch.
The explanatory variables were the
characteristics that presented significant
phenotypic correlation with the basic
variable according to the t test (p<0.05).

RESULTS AND DISCUSSION

Phenotypic correlations between
agronomic characteristics and sweet
potato hay quality

Estimates of significant phenotypic
correlations ranged from -0.37 (total
soluble sugars and leaf-stem ratio) to
0.97 (green mass yield and dry mass
yield) (Figure 1). In general, phenotypic
correlations were of low magnitude
and not significant. This indicates that
selection for one characteristic tends not
to affect the others.

Estimates of positive and significant
phenotypic correlation between
characters show that in practice, it is
necessary to evaluate only the most
easily determined character. This
means that selection will be performed
indirectly on the other associated
character, thus reducing the time spent
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on evaluations, which may or may not
benefit from the same causes of variation
(Cruz et al., 2012).

Thus, significance was observed
between the characteristics: branches
green mass yield (BGMY) and branch
dry mass yield (BDMY) (0.97); total
root yield (TRY) and commercial root
yield (CRY) (0.95); leaf and stem ratio
(LS) with TRY (0.42) and CRY (0.42),
and crude protein (PB) with LS (0.69),
TRY (0.51) and CRY (0.46); neutral
detergent fiber (NDF) with BDMY
(0.33), CRY (0.54) and dry mass content
of the branches (DMB) (0.54); acid
detergent fiber (ADF) with CRY (0.46),
DMB (0.74) and NDF (0.59); lignin
(LIG) and NDF (0.47); total soluble
sugars (TSS) with BGMY (0.57) and
BDMY (0.55) (Figure 1).

The use of sweet potato branches
in animal feed can be either fresh or
preserved and dried (silage or hay)
(Andrade Junior et al., 2014). There was
a high and positive correlation (0.97)
between the related productivities for the
different ways of animal consumption,
branches green mass yield (BGMY)
and branch dry mass yield (BDMY)
(Figure 1). If you select indirectly for the
BGMY characteristic, you will benefit
from BDMY.

The significant association of the
leaf-stem ratio (LS) characteristic with
TRY (0.42) and CRY (0.42) (Figure 1)
shows that the evaluation of the aerial
part will select satisfactory yields for
sweet potato roots. The occurrence of
significant correlation between LS and
crude protein (0.69) (Figure 1) presents
one of the qualities of hay, because higher
protein levels are desirable in forage in
order to satisfy the nutritional needs
of animals. This result corroborates
with the findings of Wilson & Kennedy
(1996), who reported that a high leaf
and stem ratio may be indicative of high
protein content, digestibility and animal
consumption. Similarly, CP correlated
with TRY (0.51) and CRY (0.46) (Figure
1) validating selection reasoning in the
same way as LS.

The nutritional value of plants
is characterized by their chemical-
bromatological composition and the
interaction of this composition with
animal consumption. Thus, dry mass

content of the branches (DMB) is
the portion of the food that contains
all nutrients such as energy sources
(sugars), fiber, minerals and protein
(Van Soest, 1994). Thus, the higher the
dry mass content, the higher will be the
contents of the essential elements in
animal nutrition, increasing their feed
efficiency.

There was a significant correlation
between shoot dry mass content of the
branches (DMB) with acid detergent
fiber (ADF) (0.74) and neutral detergent
fiber (NDF) (0.54) (Figure 1). The
first association may be due to the
average DMB (above 90%) and ADF
(40% limit) content of the sweet potato
genotypes obtained in the present work
(Donato, 2016), considered satisfactory
and adequate for better conservation

and voluntary consumption of MS by
animals (Simon et al., 2009). Estimates
between NDF and ADF (0.59) are
desirable, since they make up the fibrous
fraction of the food, and the lower the
ADF and NDF contents, the higher
the digestibility and consumption of
hay, respectively. High fibrous fraction
values are known to impair the action of
microorganisms on the digestible tract
of animals (Van Soest, 1994).

Identifying sweet potato genotypes
for human consumption should
prioritize both high yields and good
quality of commercial roots. Thus, the
complementation of these characteristics
to the good quality of the branches,
aiming its use in the form of hay
for animal feed, is of fundamental
importance for the full utilization of

Table 1. Estimation of coefficient of determination (R?), effect of residual variable (Pe),
number of conditions (NC), highest variance inflation factor (VIF) and k-value for crest
regression in the track analysis for four basic variables. Diamantina, UFVIM, 2015/2016.

Basic variables

Parameters

CpP ADF NDF Starch
k 0.04 0.00 0.00 0.006
R? 0.67 0.69 0.67 0.780
Pe 0.57 0.56 0.57 0.470
NC 46.33 6.20 13.92 42.820
VIFhighesl 9.91 2.08 0.42 9.860

CP= crude protein; NDF= neutral detergent fiber; ADF= acid detergent fiber.

Figure 1. Graphical representation of significant (p<0.05) positive (green) and negative (red)
t-test correlations between agronomic and chemical characters in sweet potato hay. BGMY=
branch green mass yield; BDMY= branch dry mass yield; LS= leaf/stem ratio; TRY= total
root yield; CRY= commercial root yield; DMB= dry matter content of the branches; CP=
crude protein; NDF= neutral detergent fiber; ADF= acid detergent fiber; LIG= lignin; TSS=
total soluble sugars. Diamantina, UFVIM, 2015/2016.
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the plant. These associations can be
observed with the two characteristics
for hay quality, ADF and NDF, which
resulted in significant correlations
with CRP, 0.46 and 0.54, respectively
(Figure 1).

The analysis of lignin is extremely
important to verify the degradation
of forages and thus the nutritional
utilization of animal feed. The amount
of lignin present in food is a critical
factor regarding digestibility, as it is
associated with fibrous carbohydrates in
plant cell walls, thus limiting cellulose
and hemicellulose digestibility (Norton,
1982). Thus, indirect selection of the
trait LIG or NDF (significant correlation
0.47) (Figure 1) may be able to provide
higher consumption by the animal, since
low levels of these two characteristics
are desirable.

Positive estimates between the
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yield characteristics of green or dry
mass of sweet potato branches with
chemical-bromatological characteristics
are desirable for better use of plants
in the field and also for animal feed.
Thus, indirect selection of BDMY
may lead to NDF quality and total
soluble sugars (TSS), which presented
significant coefficients of 0.33 and 0.55
respectively (Figure 1). TSS are of great
importance as they are concentrated
sources of rapidly degrading energy
supplied to microorganisms in ruminant
animals (Medeiros & Marino, 2015).
The relationship between TSS and
BGMY was also found (0.57) (Figure
1), showing that the selection of high
BGMY values will lead to higher levels
of TSS in sweet potato hay.

On the other hand, when the
phenotypic correlation is negatively
significant, one character is favored

Figure 2. Unfolding of phenotypic correlations in direct (straight line) and indirect (arrow
line) effects components in sweet potato hay involving a) dependent main variable (CP)
and explanatory independent variables (LS, TRY, CRY, starch), b) dependent main variable
(starch) and the explanatory independent variables (CP, TRY, CRY). Diamantina, UFVJM,

2015/2016.
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over the other, which may provide
undesirable gains for characteristics,
as found in: LS with BGMY (-0.52),
(-0.44) and TSS (-0.37); TSS and DMB
(-0.48); starch with TRY (-0.74), CRY
(-0.56) and CP (-0.61) (Figure 1). Thus,
it becomes difficult to determine which
characteristics measure the relative
importance of agronomic characters
with the quality of sweet potato hay.
Therefore, an alternative is to adopt
another statistic, the trial analysis, to
quantify the direct and indirect effects
on the (basic) characteristic of interest
(Cruz et al., 2012).

Contribution of components for
direct and indirect effects between
yield characteristics and quality of
sweet potato hay

Only those characteristics that were
significant with the basic variables
[crude protein (CP), neutral detergent
fiber (NDF) and acid and starch] were
considered. The phenotypic correlation
matrix between the characters resulted
in weak multicollinearity (NC<100)
when considering ADF and NDF as
basic variables (Table 1). When basing
CP and starch as basic variables, it was
necessary to use crest trial analysis.
The coefficients of determination were
moderately satisfactory for the trial
analyzes, with estimates over 67%
indicating that there is a direct effect
of the explanatory variables (Table 1).

The chemical-bromatological
evaluations of hay are important because
in animal feed the nutritional state of
the animal depends mainly on this
composition (Van Soest, 1994). When
the basic variable was crude protein
(CP), the leaf-stem ratio (LS) (0.58)
resulted in the largest direct effect on
CP because it was equal to the residual
effect value (0.58) (Figure 2a), showing
that this variable is the main determinant
of CP variation providing greater impact
in terms of selection gain. For total root
yield (TRY) and starch it was observed
in the unfavorable direction, -0.4 and
-0.58 respectively (Figure 2a). This
indicates the absence of cause and effect,
ie, TRY and starch characteristics are not
the main determinants of changes in the
basic variable CP.

The CP content is a good measure
of hay quality. It allows higher
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Figure 3. Unfolding of phenotypic correlations in direct effects (straight lines) and indirect
effects (arrow lines) components in sweet potato hay, involving: a) dependent main variable
(ADF) and explanatory independent variables (CRY, DMB, NDF), b) dependent main variable
(NDF) and the explanatory independent variables (LIG, ADF, CRY, DMB). Diamantina,

UFVIM, 2015/2016.

consumption of dry mass by animals,
as the rumen nitrogen deficiency results
in less growth of the rumen microbiota.
This deficiency does not meet nutritional
requirements, with decreased cell wall
digestion and consumption (Wilson &
Kennedy, 1996). Thus, crude protein
is the most required ingredient after
energy for the development of ruminant
metabolic functions (Paiva et al., 2013).

The presence of starch in the food is
important because it plays a significant
contribution in the rumen fermentation
products. This improves the quality of
the food, since the greater inclusion
of concentrate in the diet tends to
decrease ruminal pH and rumination
and, consequently, buffering through
saliva (Van Soest, 1994). However,
sweet potato hay starch as the basic
variable showed only a direct effect

with the characteristic commercial root
yield (1.21) because its value is higher
than the residual effect (0.47) (Figure
2b). However, the indirect effects of
the CP and TRY characteristics were
significantly negative, being these of
greater relevance that determined the
high correlation with starch.

For the basic variable acid detergent
fiber (ADF), only the variable dry mass
of branches (DMB) had some direct
influence (0.68), since its value was
higher than the residual effect (0.55)
(Figure 3a). This relationship is desired
in hay quality because dry mass content
is useful for predicting or correcting
storage problems and ADF content
refers to food digestibility (Silva et al.,
2013). The other characteristics showed
small positive direct and indirect effects
on ADF content. Thus, in selecting
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the dry mass characteristic, it is also
selected directly for ADF.

Although the characteristics LIG,
ADF, CRY and DMB were positively
correlated with the basic variable NDF,
they did not determine direct effect
with it. This was due to the fact that
these explanatory variables presented
values below the residual effect (0.57)
(Figure 3b). This shows that these
characteristics had small indirect effects
among them, being essential to predict
these phenotypic correlations with NDF.

Differences between the direct and
indirect effects of hay agronomic and
chemical-bromatological characteristics
may be due to the non-commercial
genetic materials tested for the traits of
interest. Therefore, results of different
performances show the need for further
research of these genotypes to achieve
higher yields of roots, twigs and quality
of sweet potato hay according to their
suitability.

From the results presented, it is
important to identify an association
of sweet potato yield attributes with
hay chemical characteristics. Thus,
the association of highly correlated
variables with the basic variable of
greatest direct effect in favor of selection
is preferable for the correlated response
through indirect selection to be efficient.
Therefore, the characteristics that
positively correlated were CRY with
CP, NDF, ADF; and the BDMY of
NDF and TSS branches. As for the
significantly positive direct effects: 1) in
the basic variable PB with the variable
LS; 2) ADF as basic variable as DMB
content; and 3) basic variable starch
CRY variable. However, when direct
positive as well as high and negative
indirect effects are observed, indirect
selection may not provide satisfactory
gains, as in the basic NDF variable and
other characteristics, and in the starch
basic variable with CP and TRY.

Thus, we concluded that selection
for higher yield of roots and commercial
roots can provide increased crude
protein, neutral and acid detergent fiber,
and total soluble sugars in the hay.
Selection for the highest root yield has
a negative effect on the starch content
of hay, deserving special attention from
the breeder.
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