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To evaluate the effects of pruning at different data on the parameters of the root, a randomized complete
block experiment involving the IAC-14 cassava variety was conducted between years 2008/2010, at
UNESP, Botucatu, Brazil. Plants were pruned monthly from the 7" to the 15" month after planted. The
chemical analyses were performed at the time of harvest, that is, 22 months after planting (MAP).
Production and yield plus the starch, crude fiber (CF), neutral detergent fiber (NDF), acid detergent fiber
(ADF), total digestible nutrients (TDN), nitrogen-free extract percentage (NFE) and total sugars (TS)
contents of the root were analyzed. Pruning shoots of IAC-14 variety before the physiological rest affects
positively yield and the percentage of root, and do not affect the root starch content.

Key words: Food science, starch, fiber, ruminant, monogastric.

INTRODUCTION

Brazil is one of the world's major producers of cassava
and the most important one in productivity and
industrialization of cassava starch (FAO, 2010). While
cassava in other producing countries are harvested
between 8 and 12 months of cultivation regardless of the
final destination of the root, as a rule, Brazilian cassava
grown for the processing industry is harvested between
18 and 24 months after planting (MAP) (Lorenzi, 2003),
Another unique aspect is that the Brazilian cultivation of

cassava plant is clearly divided into two sectors, table
and industry. Such distinction applies from the variety to
the farming techniques. The table varieties have by
principle low hydrocyanic acid content in fresh pulp roots.
Varieties for industries can be divided into two segments:
flour production and starch extraction. Besides root yield,
bark color is critical in flour production and thus clear
barks are preferred in order to avoid tainting the final
product with dark pigments which is a consumption
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disqualification factor. For starch extraction or alcohol
production, the factor of primary importance is dry matter
(DM) content (Lorenzi, 2003), which has a highcorrelation
with starch content (Borges et al., 2002), regardless of
bark color, pulp or format.

Oliveira, (2010) commented that the pruning of the
shoots of cassava can be incorporated as a seemingly
efficient and viable strategy, although its recommendation
will require deeper study about the interaction between
pruning and environmental conditions.

The effects on the yield components and nutritive value
of roots are influenced by pruning data, however the
results found in the literature are controversial, and it
depends on the phonological stage that plant is pruned
(Conceicao, 1981; Sagrilo et al., 2003; Aguiar, 2011).

According to Aguiar, (2011) and Andrade et al. (2011),
pruning managed after the first physiological rest causes
reduction of roots in DM content and in their starch
content (Borges et al., 2002).

Considering the possibility of using the root of cassava
as a food source for animals of economic interest and
starting from its productive and nutritive characteristics,
this study was designed to evaluate potential changes to
these characteristics in plants pruned at ten different
data.

MATERIALS AND METHODS

The experiment was conducted at the Lageado Experimental Farm
(22°51' S, 48°26' W, altitude 786 m) owned by UNESP, Botucatu,
during the years 2008 to 2010. The local climate is humid with
some water deficit in April, July and August (Cunha and Martins,
2009).

The soil of the experimental area is classified as clayey
structured distroferic red latosol (Carvalho et al., 1983), and with the
following chemical characteristics: pH (CaCly) = 5, organic matter
(dm™) = 21, P resin (mg:dm®) = 15, H + Al (mmolc-dm™) = 44 , K
(mmolc-dm™®) = 2.9, Ca (mmolc-dm™) = 30, Mg (mmolc-dm™) = 13,
base saturation = 46, cation exchange capacity = 90 and V% = 52.
Between 20 to 40 cm deep the soil showed pH (CaCly) = 5, organic
matter (dm™) = 16, P resin (mg dm™) = 8, H + Al (mmolc-dm™) = 38,
K (mmolc-dm®) = 1.5, Ca (mmolc-dm™) = 28, Mg (mmolc-dm™)
14, base saturation = 43, cation exchange capacity = 81 and V%
53.

The experiment was carried out in a complete randomized block
design with 10 treatments and 4 replications. The treatments were
composed of 9 different pruning times and one control, without
pruning. Plants were pruned monthly from April to December, 2009.
The crop was harvested 22 months after planting and the chemical
analyzes were performed on the root material sampled at harvest.

Planting was manual with a density of 12,500 plants ha™.
Considering the results of soil chemical analysis and the
recommendations of Lorenzi et al. (1996), 200 kg ha™' of NPK 08-
28-16 + 0.5 Zn fertilizer were applied at planting. Treatments were
set up in plots of 48 plants, 4 rows of 12 plants each. The useful
plots consisted of the 20 plants in the two central lines of each plot.
On 24 September, 2008, 0.20 m long IAC-14 cassavas were
planted. Roots were harvested between 21 and 29 July, 2010.

Plants were pruned to 0.10 m at the previously defined times and
at harvest. Root fresh weight was determined immediately after the
harvest of each plot. Ten roots were randomly picked from each plot
and then mechanically chopped to pieces. A sample of
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approximately 400 g was taken from each treatment and dried in an
oven with forced air circulation at 60°C until attaining constant
weight. Root DM yield in t ha™ was computed from the root DM and
fresh matter yield of each plot.

Computation of the total DM vyield in t ha™ was performed from
the DM and the total yield of fresh root in each plot.

Root samples underwent chemical parameter analysis. DM,
starch (Instituto Adolfo Lutz, 1985), total sugars (TS), ash (AOAC,
1984) and crude protein (CP) (AOAC, 1984) were analyzed at the
Chemical Analysis Laboratory of the Centro de Raizes e Amidos
Tropicais — CERAT, FCA, UNESP, Botucatu. Ether extract (EE) (Van
Soest, 1991), crude fiber (CF) (AOAC, 1990), neutral detergent
fiber (NDF) and acid detergent fiber (ADF) (Van Soest, 1991)
analysis were carried out at the Laboratory Of Food Science of the
Faculdade de Medicina Veterinaria e Zootecnia, UNESP, Botucatu.
The percentage of total digestible nutrients (TDN) was calculated
using the methodology proposed by Kearl (1982): %TDN = 40.2625
+0.1969 + 1.1903 x EE-0.1379 x CF.

The nitrogen-free extract percentage (NFE) was calculated
according to Winton and Winton (1947): %NFE = 100 - (CP + EE +
Ash + CF).

Data were subjected to analysis of variance and means were
separated using Tukey’s test at the 0.05 probability level.

RESULTS AND DISCUSSION

The DM content (%) of cassava root was affected by
pruning time (Table 1). Productivity in tons of fresh matter
per hectare was not affected and the experimental mean
value was 27.85 t ha™'. Root DM yield had similar results
to those of DM content in each treatment.

Andrade et al. (2011) found no difference in DM yield of
roots of cassava plants pruned at different dates
however, the no pruning treatment showed lower
productivity when compared with the pruning ones, in his
experiment pruning started at 8 MAP and was repeated
every month up to 20 MAP. In a similar study Oliveira,
(2010) found differences in root yield between treatments
pruned and without pruning, and Sagrilo et al. (2003)
found a cubic effect on the DM concentration of IAC-14
cassava roots, pruned monthly from 12 to 21 MAP.

The reduction in root mass is due to the cassava plant
consuming the reserves stored in the tuberous roots for
overcoming vegetative buds dormancy and for leaf
growth, always when the plant has environment
conditions to develop (Andrade et al., 2011; Oliveira et
al.,, 2010). This explains the fact that when pruning is
done at 7, 8 and 9 MAP a lower percentage of dry roots
results as well as pruning done farther from harvest
having higher percentages of DM and yield. Pruning at
12, 13 and 15 MAP resulted in lower productivity due to
total restructuring of shoots in the second growth stage,
associated with the occurrence of rain and temperatures
adequate for vegetative growth (Sagrilo et al., 2003; EI-
Sharkawy, 1990).

Unlike the other pruning times, effects of pruning were
detected in the cassava root starch contents (Table 2).
The lowest cassava root starch content (71.06%) was
recorded when the shoot was pruned in June, that is, 9
MAP.
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Table 1. Content (%) and yield on fresh and dry basis (t ha”) of cassava roots harvested 22 MAP

from plants pruned at different dates.

. Fresh matter Dry matter Dry mass
Pruning dates MAP 1 1
t ha % t DM ha
Apr/09 7 26.98° 39.94%° 10.82%°
May/09 8 30.43° 42.80° 13.03°
Jun/09 9 30.59° 40.93° 12.52%
Jul/o9 10 31.78° 41.42° 13.17°
Aug/09 11 27.95° 40.86%° 11.48%
Sep/09 12 24.15° 39.50%° 9.54%°
Oct/09 13 24.717 35.01° 8.74°
Nov/09 14 27.217 37.11%° 10.10%
Dec/09 15 24.61° 37.60%° 9.28%
No pruning - 30.12° 41.39° 12.48%
Average 27.85 39.66 11.12
CV (%) 12.65 6.12 15.42
MSD 8.57 5.91 4.17

Different letters in columns differ by Turkey test (0.05), CV - coefficient of variation, MSD - minimum

significant difference.

Table 2. Content (%) and vyield in dry matter (t ha™') of starch from cassava roots
harvested 22 MAP from plants pruned at different times of the year.

Starch Production of starch
Treatment MAP K]

% DM t ha
Apr/09 7 87.53° 9.53%
May/09 8 82.88° 10.772
Jun/09 9 71.06° 8.88°
Jul/09 10 90.61° 11.94°
Aug/09 11 88.07° 10.212
Sep/09 12 79.54% 7.63°
Oct/09 13 87.39° 7.71°
Nov/09 14 90.00° 9.09%
Dec/09 15 90.45% 8.42°
No pruning - 90.88% 11.322
Average 85.84 9.55
CV (%) 7.50 18.81
MSD 15.66 4.37

Different letters in the columns differ by Turkey test (0.05), CV - coefficient of variation,

MSD - minimum significant difference.

Marques et al. (2000), in a study on the replacement of
corn by cassava root and other types of food found
82.5% starch in DM, but just as Michelan et al. (2007),
who observed 55.35% starch in DM, those authors did
not specify the range studied. The IAC-14 variety was
selected because of its greater percentage and yield of
starch in roots which makes it more suitable to industrial
uses. Sagrilo et al. (2003) found effects of pruning time
and root DM starch contents varying from 56 to 75% for
the IAC-14 variety. Plants pruned between 14 and 18

MAP had lower means when compared to plants pruned
from 21 to 22 MAP which was explained by the fact that
the demand for carbohydrates accumulated in the roots is
outweighted by its photosynthesis production.

There were no differences in the percentage of ash in
root's DM. The coefficient of variation was 15.77% and
the least significant difference 2.38. The average root ash
content was 6.21%.

The content of EE in the roots was not affected by the
pruning times of treatments and showed a mean value of
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Table 3. Content (%) of crude fiber (CF), neutral detergent fiber (NDF), acid detergent fiber (ADF) and
total digestible nutrients (TDN) of cassava roots harvested 22 MAP from plants pruned at different

dates.

CF NDF ADF TDN

Treatment MAP
% DM

Apr/09 7 1.64¢ 3.18° 2.25%¢ 79.512
May/09 8 2.14% 3.71%° 2.58" 79.37°
Jun/09 9 1.71% 3.51° 2.06% 79.22°
Jul/09 10 1.80% 3.34° 2.17%% 79.19°
Aug/09 11 1.85% 3.79" 2.22%% 78.98°
Sep/09 12 2.75° 4.92%° 3.31° 78.97°
Oct/09 13 2.14%° 3.912° 2.58" 78.912
Nov/09 14 1.50° 3.04° 1.81° 78.77°
Dec/09 15 2.50% 5.13? 2.90% 78.60°
No pruning - 2.10°° 3.73" 253" 78.57°
Average 2.01 3.83 2.44 79.01
CV (%) 8.73 13.65 8.10 0.75
MSD 0.42 1.27 0.48 1.44

Different letters in the columns differ by Turkey test (0.05), CV - coefficient of variation, MSD - minimum

significant difference.

0.80% of EE. Azevedo et al. (2011) in a study of the use
of co-products in ruminant feed, found 0.59% EE in
cassava bark, above the ones found in a study by
Olafadehan (2011) who working with rabbits detected
0.14% EE in unprocessed cassava barks.

The low content of EE may be related to the root’s
chemical composition and to the extraction method.
Besides lipids, other compounds such as waxes,
carotenoids, chlorophyll and vitamins A and D are
measured when petroleum ether is used. It is well known
(Valdivié and Bicudo, 2011) that cassava root is deficient
in those components.

Treatments affected the CF content of cassava root
(Table 3). The highest value of CF was obtained when the
shoot was pruned at 12 and 15 MAP (2.75 and 2.5%),
respectively, which corresponded to the months of
September and December. Also, the least means were
obtained for pruning at 7, 9, 10, 11 and 14 MAP.
Intermediate values were observed for the remaining
months.

In an experiment carried out in Egypt, Abd El-Baki et al.
(1993) found higher values of CF in cassava roots for the
feeding of rabbits, averaging 3.97% of DM. Gil and
Buitrago (2002), in a chapter on the use of cassava in
animal feed, cite that Buitrago (1990) used as
recommendation 2.8% of CF in cassava roots DM and
that in the Netherlands van Poppel (personal
communication) has found higher values, 4.10% CF in
DM, and that analyzes made at CIAT revealed 3.08% of
CF in cassava root DM. The values obtained by this work
are lower than those found in literature; however, none of
those studies reported either the variety employed or the
harvest period.

The difference with respect to CF may be related to the

bark ratio of cassava roots. This element is richer in fibers
than the root pulp (Valdivié and Bicudo, 2011) and the
treatment applied may have influenced the amount of
bark.

The content (%) of NDF was affected by the treatments
applied (Table 3), the average value being highest
(5.13% NDF in DM) when the aerial part of the cassava
plant was pruned 15 MAP, which corresponds to the
month of December. Similar figures were found for
September and October. Valdivié and Bicudo, (2011)
reported that the average value of NDF in cassava roots
is 5.1% for the fresh base and 2.1% for the dry one.
Zeoula et al. (2003), in an experiment where corn for
ruminants was replaced by alternate energy sources
including cassava, found an NDF value of 8.12% of DM.
Works on the inclusion of cassava root in animal feed use
cassava root meal as a replacement for maize; these
works found higher NDF values. Zeoula et al. (2003)
reported that the value of NDF from cassava root meal
for the experiment with sheep was 12.31% in DM; Caldas
Neto et al. (2007) found 11.1% NDF when composing
diets for growing steers and Abrahdo et al. (2005) for
cassava residue, which the author believe to be the mass
resulting from the industrial starch removal, found
30.50% NDF in DM, a value almost three times greater
than the one for cassava root meal and 8 times as high
as the one for whole cassava root. Perhaps such
difference can be explained by the industrial extraction of
starch causing fiber concentration in the resulting slurry.

Pruning time affects the ADF content in DM (Table 3).
Plants whose shoots were removed from 12 to 15 MAP
yield more detergent acid fibers in roots. Pruning in
November, 2 months later, leads to a lower average of
1.82%.
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Table 4. Content (%) on dry basis (t ha™) of nitrogen free extract
(NFE) of cassava roots harvested 22 MAP from plants pruned at
different dates.

NFE
Treatment MAP

% DM
Apr/09 7 90.31%°
May/09 8 89.03%°
Jun/09 9 90.43%°
Jul/09 10 90.06%
Aug/09 11 90.74™°
Sep/09 12 88.11%
Oct/09 13 88.92%°
Nov/09 14 89.1120°
Dec/09 15 87.35°
No pruning - 88.41%°
Average 89.25
CV (%) 1.17
MSD 2.54

Different letters in the columns differ by Tukey test (0.05), CV -
coefficient of variation, MSD - minimum significant difference.

Michelan et al. (2007) found an average of 8.57% ADF
in whole cassava root scraps for feeding rabbits between
weaning and slaughter. Abrahdo et al. (2005) found
22.66% ADF in DM of cassava residues. In neither article
the authors have specified the variety or the harvest time.
The difference in ADF can also be explained by the
amount of bark since the root pulp is not rich in ADF
constituents (cellulose, lignin and silica).

There was no difference in the content (%) of TDN
among treatments which showed average of 79.01% with
a 0.75% coefficient of variation.

Regarding cassava root meal, Caldas Neto et al.
(2007) and Ferreira Filho et al. (2007) reported values of
80 and 90.40% TDN in DM, respectively.

Root CP content (% DM) did not differ among
treatments. DM content found in roots of the plants
pruned at different times of the year as well as on those
left without pruning averaged 1.72% for a 14.24%
coefficient of variation.

According to Valdivié and Bicudo, (2011), in general
cassava root has 1.1% CP in DM and 2.40 to 3.19% in
fresh matter. Several balanced experimental diets from
root, CP figures even though the cassava root is poor in
that. Evaluating feed for ruminants, Caldas Neto et al.
(2007) found 1.9% CP in DM of cassava root meal, while
Ferreira Filho et al. (2007) and Jorge et al. (2002) found
1.62 and 1.8%, respectively. Abd El-Baki et al. (1993)
found an average of 5.15% of whole cassava root, while
for mashed whole cassava root Cruz et al. (2006) found
2.43%. Abrahdo et al. (2005) studying cassava for
feeding of young bulls obtained 1.92% CP. The bark of
the cassava root, according to Faria et al. (2011),
contains 3.94 and 4.38% CP, respectively for dry and
fresh matter.

Once the roots are processed into pellets or chips, CP
value reaches 2.5% on average (Garcia and Dale, 1999).
It is observed that CP content is reduced in the grinding
of cassava flour (Caldas Neto et al., 2007; Ferreira Filho
et al., 2007; Jorge et al., 2002) higher values being found
only in the root bark (Faria et al., 2011) and intermediate
ones in whole dry root, ground or not.

The treatments caused differences in NFE values
(Table 4). The treatment with pruning in August, 11 MAP,
obtained the highest value, 90.74%, not much different
from values for 7, 8, 9, 10, 13, 14 and 22 MAP. Root NFE
(% DM) values were below those for the other treatments
when cassava shoots were pruned at 15 MAP, together
with  treatments  May/2009, Sep/2009, Oct/2009,
Nov/2009 and with the no pruning group. Intermediate
averages were found for the rest of the treatments.

No differences were observed (p < 0.05) in the
percentages of root TS. On average IAC-14 cassava
roots contained 0.43% of TS in whole roots.

The percentage of root production, relative to the total
biomass produced by the plant, shoot plus root, was
greater in the absence of pruning where about 54.34% of
the total root biomass was relative to the root, that is, in
non pruned plants accumulates more in the root, with
respect to the total biomass produced. Pruning in other
months hardly interfered with the percentage of root
production. Pruning before the physiological rest
negatively affects the concentration of starch in the root.
Although no difference was found in starch yield,
probably the plant reorganizing its photosynthetic device
after pruning and then having it fresh leaves falling in
consequence of the physiological rest causes an energy
or starch reserve expenditure higher when compared to
treatments that just translocated root assimilates to the
post pruning shoot development.

Conclusion

Pruning shoots of IAC-14 variety before the physiological
rest affects positively yield and the percentage of root,
and do not affect the root starch content.
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