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ABSTRACT

This research was installed to study plant growth of sweet potato
and identify the most favorable harvest time for both roots and the
aboveground part (stems). The experiment was carried out at the
JK campus of the Federal University of the Vale do Jequitinhonha e
Mucuri, in Diamantina, MG, complete blocks at random, with four
replications. Three plants in the central part of the experimental plots
were collected in twelve consecutive harvests at 15-day intervals.
Plants were fractionated in roots, stems, and leaves to determine the
dry matter of each part. Leaf area was also measured and growth
rates were calculated. Data were analyzed by means of regression.
Plants reached the highest dry matter accumulation between 75 and
156 days after transplanting (DAT), which corresponded to the phase
of greatest growth. Plants should be harvested between 60 and 87
DAT to achieve the highest stem yield. For the highest root yield, the
harvest should be carried out 180 DAT. The period from 80 to 118
DAT was the most adequate for reaching simultaneously the highest
yields for both roots and stems. Therefore, the ideal harvest time for
sweet potatoes depends on the use intended for the plant and on the
physiological indexes associated with it.

Keywords: Ipomoea batatas, physiological indexes, human diet,
animal feeding, harvest time.

RESUMO

Caracterizacgio fisiolégica do crescimento da planta de
batata-doce

O objetivo deste trabalho foi caracterizar o crescimento da planta
¢ determinar a melhor época de colheita da batata-doce, considerando
raizes e parte aérea (ramas). O trabalho foi realizado no campus JK
da Universidade Federal dos Vales do Jequitinhonha ¢ Mucuri, em
Diamantina-MG. O delineamento experimental foi blocos ao acaso,
com quatro repetigdes. Foram realizadas doze coletas consecutivas
de trés plantas centrais da parcela, em intervalos de quinze dias. As
plantas foram fracionadas em raiz, caule ¢ folhas para a determi-
nagdo das suas respectivas massas secas. A area foliar também foi
mensurada e foram calculados os indices de crescimento. Os dados
obtidos foram analisados por meio de regressdo. Entre 75 e 156 dias
apos o transplantio (DAT), ocorreu 0 maior acimulo de massa seca
pela planta, caracterizando a fase de maior crescimento. Para maior
rendimento de ramas, as plantas devem ser colhidas entre 60 ¢ 87
DAT; para maior rendimento de raizes, a colheita deve ser realizada
180 DAT. O periodo de 80 a 118 DAT foi o mais adequado para a
colheita simultanea de raizes e ramas, obtendo-se as maiores produ-
tividades para ambos. Logo, a época ideal de colheita na batata-doce
depende da sua finalidade de uso e de indices fisiologicos associados
aos objetivos do cultivo.

Palavras-chaves: [pomoea batatas, indices fisiologicos, alimentagdo
humana, alimenta¢@o animal, época de colheita.
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weet potato (Ipomoea batatas) is

a traditional, widespread and very
representative crop in Brazil, mainly
for smallholder farmers (Azevedo et
al., 2014). The plant is used in several
ways: roots are part of the human diet
and are also employed in the industry
for ethanol production, and stems are
used for animal feeding (Gongalves
Neto et al., 2011; Andrade Janior et
al., 2012). Yields are low in Brazil in
general, despite the crop high potential
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(Marchese et al., 2010). The Brazilian
national average yield does not exceed
13.2 t ha!, while Ethiopia (Africa)
reaches average yields up to 45 t ha'
(FAOSTAT, 2016).

Plantyield and growth are determined
by various morpho-physiological
characteristics, whose expression is
governed by plant x environment
interactions. The quantitative analysis
of growth allows a better understanding
of the process by means of establishing

growth indexes (Lopes ef al., 2011) as
result of the chronological quantification
of dry matter accumulation and leaf
area as a function of the plant growing
cycle. Growth indexes also describe the
plant morpho-physiological conditions
and productive capacity (Barbero et al.,
2013) and indicate the photosynthetic
potential, partitioning of photosynthetic
products throughout the different plant
organs, and the contribution of these
organs to the plant overall growth
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(Lopes et al., 2011; Strassburger et al.,
2011). Finally, growth indexes allow
for a more precise estimate of the best
harvesting time (Nogueira et al., 1994).

Despite these advantages, studies
on growth analysis of the sweet potato
plant are scarce, especially in the
view of the large variability of genetic
materials grown in Brazil. One can cite,
for example, the studies of Conceigéo et
al. (2005), who estimated growth rates
for two sweet potato cultivars, namely
“da Costa” and “Abdbora”, but without
relating them to the harvest season.

Considering the above, the present
study aimed to characterize the growth
of sweet potato plants and to determine
the best harvest time for the crop.

MATERIAL AND METHODS

The experiment was carried out in
the field, from November 2015 to May
2016; in the Sector of Vegetables at the JK
campus of the Federal University Vales
do Jequitinhonha ¢ Mucuri (UFVIM),
in Diamantina, MG. The climate in the
region is Cwb (oceanic, subtropical
highland variety), K&ppen classification
(Sa Junior, 2009). Temperature, relative
humidity, and the wind speed averaged
20.51°C, 72.41%, and 2.59 m s,
respectively, during the experiment. The
soil predominant in the experimental
area is an Haplic Arenosol (FAO, 1994),
with the following characteristics,
according to the analysis made at the
Soil Fertility Laboratory of UFVJM:
pH=5.7;P=119.0 mg dm?; K=337.5
mg dm3; Ca = 2.5 cmolc dm?; Mg =
0.7 cmolc dm; Al = 0.06 cmolc dm;
t=4 cmolc dm?; CEC = 5.9 cmolc dm™;
Aluminum saturation = 1.5%; Base
saturation = 67.7%; Organic matter =
0.8 dag kg!; Cu=0.01 mg dm?3; Fe =
29.0 mg dm?; Mn = 3.9 mg dm; and
Zn=9.6 mg dm?,

The area where the experiment
was carried out has a history of use
with vegetable crops, which allowed
preparing the soil using minimum
tillage, namely a single harrowing
followed by manual hilling. According
to soil analysis, pH did not any
correction (Alvarez & Ribeiro, 1999).
The nitrogen fertilization consisted of

60 kg ha’!, split in two applications,
the first at planting and, the second,
30 days later; and 10 t ha' of tanned
bovine manure (Casali, 1999). We used
the sweet potato clone Espanhola, from
the UFVIM germplasm bank. The clone
Espanhola was collected at and is widely
distributed in the upper region of the
river Jequitinhonha valley. Seedlings
were produced out of 20-cm long
cuttings planted in 72-cell styrofoam
trays, filled with commercial substrate,
and kept in a greenhouse under 50%
insolation, for 37 days.

Seedlings were transplanted in
1.20 x 0.30 m spacing between rows
and plants, respectively, in complete
blocks at random, with four replications.
Each block comprised 16 5-plant
plots, three plants for analysis and
two borders. Treatments consisted
of twelve sampling times, starting
fifteen days after transplanting and
performed every two weeks. Plants were
irrigated according to the average crop
evapotranspiration, using conventional
sprinkling irrigation. Spontaneous
plants were controlled with hoes.

Plants were fractionated in roots,
stems, and leaves, and weighed
immediately after harvesting in a
precision scale to obtain the fresh
mass. Then, each fraction was placed
in a paper bag and dried in a forced
circulation oven, at 65°C, until constant
mass, for the determination of total root
(RTDM), commercial root (CRDM),
stem (MSC), leaf (MSF), aboveground
(AGDM), and total plant dry matter
(TDM), the later corresponding to roots
+ the aboveground part. Commercial
roots were those weighing between 80
and 800 grams, free of damages or pest
attack.

The leaf area (LA) was estimated
from the sixth harvest, using the
indirect method of the dry matter of
leaf disks (Zeist et al., 2014). The dry
matter of each part of the plant and
the leaf area were used to define the
growth parameters, using the formulas
described by Peixoto ef al. (2011) and
Lopes et al. (2011):

1. Total dry matter accumulation (W
= g m?) of roots (WRTDM = RTDM
S1), commercial roots (WCRDM =
CRDM S§-), stem (WSDM = SDM
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S, leaves (WLDM = LDM S),
aboveground part (WAGDM = AGDM
S1), and plant (WTDM = TDM S),
where S corresponds to the planting
spacing;

2. Harvest indexes (HI, in %)
for roots (HIRT = RTDM TDM),
commercial roots (HICR = CRDM
TDM), and aboveground part (HIAG
= AGDM TDM);

3. Plant absolute growth rate [(AGR
=gday')=(P2-P1)/(T2-T1)];

4. Specific leaf area [(SLA = cm?
g!) = (LA LDM], where LA refers to
leaf area and, LDM, to leaf dry matter;

5. Relative growth rate for total roots
(RGRTR), commercial roots (RGRCR),
stems (RGRS), leaves (RGRL), the
aboveground part (RGRAG), and plant
(RGRP), using the formula [(RGR
= g g day!) = (In(P2) - In(P1))/(T2
-T1)], where In(P2) and In(P1) are the
dry matter natural logarithms of the
difference between two successive
harvests in each fraction of the plant
; P2 and P1 are the dry matter of two
successive harvests in each organ of
the plant; and T2 and T1 are the harvest
time (fixed in fifteen days in this study).

Data obtained for each plant fraction
were submitted to analysis of variance,
using the SISVAR statistics software
(Ferreira, 2011) to calculate the F value
(P<0.05). Regression analysis was
performed using the software SigmaPlot,
v 10.0, whenever the harvesting effect
was significant. We used the Simple
Sigmoid models § = a/{1 + ¢ XX/
°} " where § represents the analyzed
variable, a refers to the asymptote
corresponding to the maximum variable
value, X0 corresponds to the curve
medium point (inflection), and b, to the
slope of the adjusted equation, and the
Quadratic Polynomial model § =C + Bx
+ Ax2. The model was chosen according
to the significance of the F test (P<0.05)
for each regression equation and to the
highest coefficient of determination
(R?).

RESULTS AND DISCUSSION

The dry matter accumulation, harvest
index and the relative growth rate for
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each plant fraction had significant
adjustments (P>0.05) to the simple
sigmoid equation (Table 1), except
for the relative growth rate for root
total. Camara et al. (2017) had already
identified the same sigmoid dynamics
for dry matter accumulation in sweet
potato both with conventional and in
vitro propagation. According to Peixoto
et al. (2011), this is a classic growth
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profile for plants: slow growth in the
initial phase, followed by an exponential
and later a more intense growth phase,
and finally a new slow phase with a
tendency to stabilization. Fitting to this
pattern, sweet potato presented slow
growth in the initial phase, from 15 to
60 days after transplanting (DAT) and
then a phase of accelerated growth, up to
135 DAT, when the stabilization started

Table 1. Coefficients of the regression model for total dry matter accumulation of roots
(WRTDM), commercial roots (WCRDM), stems (WCRS) and plant total (WTDM); harvest
index for root total (HIRT), commercial roots (HIRC), leaves (HIL) and the aboveground
part (HIAG) and; relative growth rate for stems (RGRS), leaves (RGRL), the aboveground
part (RGRAG) and plant total (RGRP), depending on different sampling dates. Diamantina,
UFVIM, 2017.

A

Y a X0 B R? F (p<0,05)
WRTDM  508.325*  109.826* 18.837*  0.96 139.85*
WCRDM  202.594™  138.959% 24.168™  0.75 13.54%
WCRS 54.490% 65.002% 8.846*  0.97 194.29%
WTDM 589.452% 92.940% 22.005%  0.97 182.74%
HIRT 105.040% 98.396* 48.626*  0.84 25.48*
HIRC 29.353*  117.619* 22.751™  0.63 07.89*
HIL 54.518%  104.689%*  -17.497%  0.80 19.16%
HIAG 78.956*  111.990%  -27.074*  0.88 36.02%
RGRS 0.052* 76.936* -6.246™  0.72 10.78*
RGRL 0.289™ 4126 -24709%  0.96 112.38*
RGRAG 0.095* 49.068% - 17.734*  0.96 108.46*
RGRP 0.102% 46.020"  -40.166*  0.87 28.94%

Y: analyzed variable; a: asymptote that corresponds to the maximum value of the variable;
X0: curve midpoint (inflection); b: slope of the adjusted equation; R?: coefficient of
determination; F: coefficient of the regression equation by the Fischer-Snedecor distribution.
*The regression equation (F test) and the coefficients of the regression equation (T test) are
significant (P<0.05); ™not significant.

Table 2. Coefficients of the regression model for dry matter accumulation in leaves (WLDM)
and in the aboveground part (WAGDM); harvest index for stems (HIS); leaf area (LA);
specific leaf area (SLA); and absolute plant growth rate (AGR) depending on different
sampling dates. Diamantina, UFVIM, 2017.

~

5% C B A R?  F(p<0,05)
WLDM -36.322 2245%  -0.010% 0.75 14.03*
WAGDM - 59.048%* 3.305%  -0.014* 0.81 20.28*
HIS 26479%  -0.138*  0.0002" 0.74 12.86*
LA 1434.460*% - 16.850* 0.054* 0.95 46.71%
SLA 25271% 0286  0.0012" 0.79 07.81%
AGR - 0.683" 0.060* - 0.0003* 0.64 07.41%

Y: analyzed variable; C: intersection between the curve and the Y-axis; B: Curve slope
after the intersection; A: increasing or decreasing behavior of the curve; R coefficient
of determination; and F: coefficient of the regression equation by the Fischer-Snedecor
distribution. *The regression equation (F test) and the coefficients of the regression equation
(T test) are significant (P<0.05); ™not significant.

(Figure 1A).

Dry matter accumulation of leaf
and the aboveground part, stem harvest
index, leaf area, specific leaf area, and
absolute growth rate had significant
adjustment (P<0.05) to quadratic
polynomial equations (Table 2). The
quadratic adjustment for indexes and
dry matter accumulation directly linked
to leaves is pertinent. Conceigdo et
al. (2004) evaluated two sweet potato
cultivars and found that after the plants
have reached the peak for dry matter
accumulation there was a progressive
decrease in the characteristic, once the
rate of foliar senescence supplanted the
rate of emission of new leaves.

The root system accumulated more
dry matter than all other plant fractions,
as shown by the adjusted equation for
the accumulation of root total dry matter
(WRTDM). The equation assumed
the highest a value 180 DAT, equal to
508.32 g m? (Table 1), with a tendency
to stabilize after 169 DAT (Figure
1A). The stabilization, followed by a
decreasing trend in the accumulation of
dry matter in roots is due to the sweet
potato perennial cycle (Camara et al.,
2017), in which the plant redirects
photosynthates and nutrients to resume
the vegetative growth.

Commercial roots presented the
second largest dry matter accumulation,
with a value of 202.59 g m? 180 DAT
(Table 1). The aboveground part (stems
+ leaves) accumulated the maximum
dry matter (a=135.89 g m?) 118 DAT,
ranking third in dry matter accumulation.
When the aboveground part is fractioned
in stem and leaves, leaves rank fourth
in dry matter accumulation, a = 89.67
g m? 113 DAT, a value obtained by the
derivative of the respective regression
equation (Table 2). Stems were the
plant fraction with the lowest dry matter
accumulation, a=54.49 gm? 110 DAT
(Table 1), with a stabilization tendency
observed already from 82 DAT (Figure
1A).

The adjusted curve for total dry
matter accumulation in the plant
(WPTDM) showed the aboveground
part had the largest accumulation of
photosynthates and nutrients at the
beginning of the growth, between 15 and
75 DAT. From this point, roots became
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the site with the highest accumulation
potential, as the dry matter accumulation
in stems presented an early stabilization
(Figure 1A), agreeing with the low

b value (Table 1), and the dry matter
accumulation in aboveground part as a
whole also decreased. The development
and growth of tuberous roots, which

have a high capacity for photosynthate
and nutrient mobilization, converted
them into preferential metabolic drains,
leading to the reduction in dry matter

. Root total dry matter accumulation (WRTDM) A ®  Harvest index for root total (HIRT) B
o Commercia root dry matter accumul ation (WCRDM) o Harvest index for commercial roots (HICR)
v Stem dry matter accumulation (WSDM) ¥ Harvest l:lldex for stems (HIS)
700 1 ) Leaf dry matter accumulation (WLDM) 100 & Harvest 1_11‘13* for leaves (HIL)
a Aboveground part dry matter accumulgtion (WAGDM) ®  Harvest index for the aboveground part (HIAG)
600 m} Plant tota dry matter accumul ation (WTDM) . . -
— — —  WRTDM 80 4 n = -
———— WCEDM
009 WSDM e
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e 400 9 ——-—-- WAGDM /
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300
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Figure 1. A = Dry matter accumulation in different organs and total dry matter accumulation in the plant; B =Harvest index in different plant
organs; C = Relative growth rate in different organs and in the plant; D = Leaf area; E = Specific leaf area; and F =plant absolute growth
rate DAT= days after transplanting seedlings to the field. Diamantina, UFVIM, 2017.
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accumulation in the aboveground part
(Conceigao et al., 2004).

The highest dry matter accumulation
in the plant occurred 180 DAT, a
= 589.45 g m?, with a tendency to
stabilize after 156 DAT (Figure 1A).
On the contrary, the high b values
for dry matter accumulation of total
plant, total roots, and commercial
roots, respectively 22.00, 18.83, and
24.16 (Table 1), pointed to a weaker
stabilization tendency. On the contrary,
larger dry matter accumulation would,
in fact, occur at the end of the evaluation
period. The proximity among the b
values of these characteristics suggests
that roots had the strongest influence
over the sweet potato growth, which
can be attributed to the greatest dry
matter accumulation in this fraction. The
increase in plant total dry matter has a
direct relation with the tuberous roots, as
roots represent a high proportion of the
total dry matter (Conceigdo et al., 2004).

The harvest index (HI) refers to the
plant ability to convert photosynthates
into commercial products (Peixoto et
al., 2011). In sweet potato, roots are
the main commercial part for both food
and industry. However, branches should
also be considered to some extent,
since their use for animal feeding has
sparked interest as a nobler destination
than simply discard (Andrade Junior
et al., 2012). The harvest index for
root total (HIRT) had the highest a
value, 105.04%, 180 DAT (Table 1),
a mathematical artifact because the
maximum HIRT was close to 90% at
this date (Figure 1B). Commercial roots
reached maximum HI, a =29.35%, also
180 DAT, tending to stabilize after 156
DAT (Figure 1B). The high and positive
b values in the HI equations for total
(48.62) and commercial roots (22.75)
indicate that both curves had a weak
tendency to stabilize.

HI indicates that sweet potato plants
should be harvested 180 DAT to obtain
the highest yields for both total and
commercial roots (Table 1). Azevedo
et al. (2014) evaluated sweet potato
root yield and quality in three cropping
seasons at two locations and determined
that the best harvesting date occurred
150 days after planting. Roesler et al.
(2008) obtained the highest root yields
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in later harvests, 183 days after planting.
These results agree with our findings
with the HI for total and commercial
roots.

The curve adjusted for the harvest
index of the aboveground part (HIAG)
had a decreasing behavior throughout
the evaluation period, with high and
negative b value (-27.07) (Table 1),
indicating a weak stabilization tendency.
The maximum HIAG value, a=78.95%,
occurred 15 DAT, remained above 78%
up to 60 DAT and was still above 70%
87 DAT (Figure 1B). Stems (HIS) and
leaves (HIL) harvest indexes followed
the same behavior as HIAG: the highest
values appeared in the initial phase of
development, higher than 20% for stems
between 15 and 45 DAT, and over 50%
for leaves up to 85 DAT. Both indexes
adjusted to equations with decreasing
behavior (Figure 1B).

The behavior of HIAG, HIS and
HIL suggests the plant lost its growth
capacity, as well as the capacity to
keep the aboveground part during its
cycle, a process that can be attributed
to the change in the pattern of dry
matter distribution between roots x
shoots + leaves with the progress of
the vegetative cycle (Conceigao et al.,
2004). The HIAG adjusted equation
indicated plants should be harvested up
to 87 DAT to avoid further HI decreases
(Table 1). Viana et al. (2011) did not find
significant differences among the dry
matter yield of stems of sweet potato
clones harvested 120, 150 and 180 days
after planting. Even then, early harvests,
as suggested here by the HIAG, would
be preferable because later in the plant
cycle, a numerical reduction in the
aboveground part yield was noticed.
If the objective is to promote the dual-
use of the sweet potato plant, that is, to
optimize both root and shoot production,
the ideal harvest date is 101 DAT,
when the intersection between HITR
and HIAG took place, with HI of 56%
(Figure 1B).

The relative growth rate (RGR) may
be useful in estimating the partitioning
of photoassimilates during growth
(Barbero et al., 2013), as it represents the
dry matter increment per dry matter unit
intime (g g day™). The leaf (RGRL), stem
(RGRS), aboveground part (RGRAG)

and plant total (RGRP) relative growth
rates reached the highest a values at
the beginning of the cycle, respectively
0.28,0.05,0.09, and 0.10 g day™! (Table
1). Leaves had the highest RGRL in
initial evaluations, behaving both as
source and as high potential metabolic
drains, retaining a representative part of
the photoassimilates (Conceigdo et al.,
2005). The RGRS (stems) remained at
0.05 g g day!' up to 68 DAT and then
a sharp decline occurred (Figure 1C),
which may have been caused by the
mobilization of photosynthates to the
roots, the reserve organ and, therefore,
strong drain. The lowest b value in
relation to the other plant fractions in
the adjusted RGRS equation (Table
1) indicates the curve had a greater
tendency to stabilize than the equations
adjusted to other organs. In other
words, stems tend to present an earlier
stagnation in growth.

The equations adjusted for each
plant fraction and for the sweet potato
plant as a whole showed a decreasing
RGR during the analyzed period
(Table 1). The plant ontogeny explains
this growth profile. As plant organs
develop and the plant approaches the
physiological maturity, organ demands
for photoassimilates for their own
maintenance increases, reducing the
photoassimilate availability for extra
growth (Benincasa, 2003). Alvarez et
al. (2012) found similar behavior when
analyzing the relative growth and yield
of rice cultivars in Botucatu, SP, and
attributed the behavior to the advance
in senescence, with leaf fall and death.
Self-shading and the development of
non-photosynthesizing organs can
also reduce the RGR as the plant cycle
advances, but it is very likely that mutual
shading and leaf senescence are also
involved (Silva et al., 2010).

Leaf area (LA) decreased between
90 and 154 DAT (Figure 1D), which
may be associated with photoassimilates
and nutrient distribution in the plant.
Conceicao et al. (2005) state the
emergence of tuberous roots as strong
metabolic drains and with great potential
to mobilize assimilates accelerates leaf
senescence and, consequently, reduces
LA. LA has a fundamental role in
determining the amount of light the
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plant intercepts, in carbon fixation,
in water loss and even in ecosystem
productivity (Nascimento et al., 2011).
LA had increasing values after 154 DAT
(Figure 1D), probably due to the resume
in plant growth and the restructuring
of its photosynthetic organ, the leaves.
The sweet potato is a perennial plant,
although cultivated as an annual crop
(Silva et al., 2008).

The specific leaf area (SLA) is
inversely related to leaf thickness,
i.e., the higher the SLA, the thinner
leaf blade and the larger leaf area
are (Larcher, 2006). Therefore, SLA
followed the same growth profile as
LA, once SLA is directly proportional
to LA and inversely proportional to
leaf dry matter accumulation (WLDM)
(Barreiro et al., 2006). As expected,
SLA decreased between 90 and 119
DAT (Figure 1E), when LA was also
decreasing and WLDM was approaching
its peak (Figure 1A).The WLDM
growth profile showed evidence of leaf
blade thickening at the beginning of
the evaluation period, which reverted
after 119 DAT, when SLA started
increasing, thus indicating a trend
towards the development of new leaves
and increase in the number of leaves.
The leaves produced from 119 DAT
had thinner blades and consequently
larger leaf area than leaves produced
at the beginning of the cycle. SLA
reached the last evaluation (180 DAT)
scoring slightly more than 13 cm? per
gram of leaf dry matter, strengthening
the arguments that the plant tends to
resume its photosynthetic activity and to
restructure its photosynthetic apparatus.
From this time, LA increased since
sweet potato has a perennial cycle.

Plants had the highest absolute
growth rate (AGR) 100 DAT, 2.31 g
day! (Figure 1F), with a decreasing
movement after reaching the peak. AGR
represents the plant average growth
rate in a given period of time (Peixoto
et al., 2011). In the present case, AGR
indicates plants must be harvested from
100 DAT to meet both total root and
stem production.

In summary, sweet potato plants had
the most intense growing period between
75 and 156 DAT. Roots contributed the
most to plant total growth because they

accumulated more dry matter than all
other plant fractions. The best harvest
time depends on the plant use and the
physiological indexes associated with
it. To maximize total and commercial
root yields, plants should be harvested
180 DAT. To maximize the aboveground
part yield, stems should be harvested
between 60 and 87 DAT. To meet both
purposes, plants should be harvested
between 80 and 118 DAT.
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