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ABSTRACT

A study was carried out in Araruna County, Statéafana, to understand the relationship betweentthal dry

matter yield and its proportion allocated to th@rsige roots of cassavaM@nihot esculent&rantz) plants in the
second vegetative cycle. The experimental designanandomized complete block in split-plot schevite four

replications. The plots consisted of the Mico, IA&and IAC 14 cultivars and the monthly harvestiages were
assessed in the sub-plots. The results showedhbdilico and IAC 13 cultivars were more efficiemtallocating

dry matter to the storage roots. The IAC 14 cultiabocated a higher proportion of assimilates teras compared
with the other two cultivars. With regard to thelience of harvesting time, the lowest harvest edewere
observed in the periods of more intense vegetaffeath. However, the highest carbohydrate propaortiavere
allocated to the storage roots during periods af leegetative growth.

Key words: Harvesting time; dry matter allocation; harvestdx

INTRODUCTION cassava can be characterized as subsistence
(Africa), economic (Thailand and China) or ethnic
Cassava Nlanihot esculentaCrantz) is a shrub and cultural species (Brazil and other countries in
species which belongs to the Euforbiacea familpouth America) (Cereda, 2002). Although its
that grows continuously, with alternating plantethnic and cultural values are strongly
growth periods and carbohydrate storage in itsharacterized in Brazil, cassava also plays an
tuberous roots followed by periods of dormancymportant role in community survival, especially
(Alves, 2002). It is native from Brazil, accordingin the North and Northeast regions (Cardoso and
to philogeographic studies by Olsen and Scha&ouza, 2002), and is an important source of raw
(1999), and it is exploited as one of the mairmaterial for many industrialized agricultural
foodstuffs of the populations in the tropicalproducts (Conceicdo, 1981; Doretto, 1993).
regions, because its storage roots are rich intstar Storage root production for agro-industrial use is
In the production systems where it is cultivatedof great importance in the Central Southern region
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of Brazil, especially in the states of Sdo Paulohigh dry matter content in the storage roots, to
Mato Grosso do Sul and Parana (Cardoso arabtain better yield.

Souza, 2002) and currently accounts for 64.7% dflowever, there are only few studies that explain
Brazilian starch production (Abam, 2006). Inthe performance of cassava cultivars regarding
Parand, the development of the cassava industridleir biological production (total dry biomasad
sector has created continuous technologicals relationship with the efficiency in the storage
demands. These demands are related to improvimgot dry matter accumulation at different
the  cropping  practices, including  theharvesting times.

recommendation of new cultivars and rationallThus, the objective of the present work was to
management, such as a better definition of harvestudy the performance of the total biomass
time and possible interactions among such factorproduction and its partitioning on different
All these technological demands are intended tportions of the plant in three cassava cultivars
increase the yield and to widen the period ofluring the second vegetative cycle.

storage roots and its use, hence, the functioniing o

the industries.

Souza and Fasiaben (1986) observed that ttMATERIAL AND METHODS

cultivars Palma-de-Umuarama, Branca-de-Santa

Catarina, IAC 12, Amarela-da-Fruticultura, PalmaThe experiment was carried out under field
and Mico have the highest yield capacity for theconditions in the County of Araruna, Northwest of
conditions of Rio Azul, Parana. Vidigal Filho et al Parana (2%55' S and 530' O) from October 1997
(2000) showed the potential of the cultivars Féculgo March 1999, in a dystrophic red latossol
Branca, IAC 14 and Mico for high storage root(Embrapa, 1999) in an area of Pinduca — Industria
yield and tolerance to bacterial blight caused bylimenticia Ltda. Chemical characteristics of the
Xanthomonas axonopodispv. manihotis in  0-0.20 m layer in the experimental area were: pH
Araruna, Northwest of Paran®imoldi et al. (CaClL) 5.2; pH (water) 6.4; Af (cmol dm?)
(2003) highlighted the productive potential of the0.00; H + AI** (cmol dm®) 3.17; C&" + Mg**
clones IAC 45-85, IAC 163-85 and IAC 321-85(cmol dm?® 2.44; C&" (cmol dm?®) 1.49; K

for the conditions of Maringd and Rolandia,(cmol, dm?) 0.32; P (mg dr) 5.0 and C (g di)
Parana. Kvitschal (2006) reported high yield and 3.57.

high phenotypic stability in the clone IAC 190 inThe climate in Araruna is classified as Cfb,
the studies carried out in Araruna and Maringaaccording to Képpen, with a 21.5°C mean annual
Kvitschal et al. (2003b) also observed theemperature, 1,617 mm mean annual rainfall and
production potential of the clone IAC 46- 90 in62% mean annual relative humidity (Godoy et al.,
Araruna and Maringa. 1976). Fig. 1 shows the data for maximum and
Rimoldi et al. (2006) found that the traditionalminimum temperatures and rainfall observed
cultivars Caipira, Branca 1, Amarela 1, Amarela 2iuring the experimental period.

and Fecula Branca showed high roots yields anfihe cassava cultivars Mico, IAC 13 and IAC 14
starch contents, a good and regular cooking timgvere used. The first was collected in Parana and
low HCN content, and also tolerance to thehe others came from the Experimental Cassava
bacterial blight. Furthermore, Sagrilo et al. (2002Field at the Campinas Agronomic Institute (IAC).
assessed the performance of cassava cultivars Tine three cultivars, recommended for cropping in
the Northwest Parana at different harvest timeparana (Vidigal Filho et al., 2000), were monthly
and concluded that, for those conditions, théiarvested during ten dates, starting when the
physiological rest period at the end of the seconglants had 12 months (first rest period). The
crop cycle was more indicated for harvest, due texperimental design was a randomized complete
the higher production of the storage root fresh anblock, in a split-plot scheme, with four
dry matter and starch. Sagrilo et al. (2003Yeplications. The cultivars were allocated in the
observed that the cultivars IAC 13, IAC 14 andplots and harvesting times in the sub-plots. The
Fécula Branca had high dry matter content in thgrimary treatments (cultivars) and secondary
storage roots. They also emphasized thgeatments (harvesting time) were randomized in
importance of selecting the genotypes which hathe blocks and plots, respectively.
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Figure 1 - Mean monthly rainfall, maximum and minimum temparatvalues observed from
August 1997 to May 1999 in Araruna, PR.

The plots were 17.6 m long and 22.0 m wide, wittRESULTS AND DISCUSSION

row spacing of 1.0 m and 0.8 m between the plants

in the rows. The total area of each plot was 387.Zotal dry matter distribution and the plant
m?, with 10 subdivisions for different harvestfractions of the Mico, IAC 13 and IAC 14
times, each consisting of a row with 22 plantscultivars are shown in Figs. 2, 3, and 4,
separated by the rows of adjacent plants. Theespectively. Dry matter referred to the leaves tha
plants at the sub-plot boundaries were discardeglere retained on the plant, stems and storage
that resulted in a useful area of 16.6 with 20  roots. Leaf dry matter yield, for all the cultivars
plants. Six representative plants were randomlgresented a quadratic performance, with higher
selected from the useful area (Veltkamp, 1985)alues occurring in the periods of high
that were harvested monthly starting in Augustemperatures (November to February, Fig. 1) and
1998. Sampled plants were separated into leavasmost total leaf loss in the low temperature
(petiole and blade), stems and storage roots. Latgferiods. Variation in cassava leaf yield as a
a sample was taken with a mass of 60 g of eadlinction of the climate has been reported by
fraction, and the storage roots and stem samplegveral authors, but Tavora and Barbosa Filho
were further cut into 0.01 m cubes and dried in §1994) emphasized that the quantity of the leaves
forced circulation chamber at 60°C (Sales Filhowas determined by the plant age and that the
1980). The leaves were dried af@gSilva, 1981) variation in climatic conditions, especially

to obtain the dry matter content. After drying totemperature, could only accelerate or delay this
constant weight, the yield per area (Mg haf process.

each fraction was determined. The harvest in December, when cassava cultivars
Data was submitted to the analysis of variance fdfad 16 months, resulted in high leaf dry matter
the main effects (cultivars and harvest time) angield, a period when this yield represented 12.39%
for the interaction (cultivars x harvest times). of the total dry matter yield for the Mico, 10.56%
When the interaction was significant, thefor IAC 13 and 8.72% for IAC 14. Significant
partitioning was performed according to Banzattalifferences were observed only when the plants
and Kronka (1995). Cultivar means werehad 17 and 18 months and at these harvest times,
compared by the Tukey test_(®85), while the Mico and IAC 14 were better than IAC 13.

harvest time data were explained, when possible,

by polynomial regression equations.
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Dry Matter Yield (Mg ha™)
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Figure 2 - Leaf, stem, storage root and total dry matteidy(Mg ha') of the storage roots for

Dry Matter Yield {Mg ha™

cassava cultivar Mico at 10 harvest dates duriegstitond vegetative cycle. Araruna,
PR, 1998/99.
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Figure 3 - Leaf, stem, storage root and total dry matteidy(Mg ha') of the storage roots for

cassava cultivars IAC 13 at 10 harvest dates dutlieg second vegetative cycle.
Araruna, PR, 1998/99.
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Figure 4 - Leaf, stem, storage root and total dry matter yfdld ha) of the storage roots for
cassava cultivar IAC 14 at 10 harvest dates duhiegecond vegetative cycle.
Araruna, PR, 1998/99.

Table 1- Means of leaf dry matter production (Mg 'hdor three cassava cultivars at 10 harvest datesg the
second vegetative cycle. Araruna, PR, 1998/99.

Leaf dry matter production (Mg ha™)

Cultivars Plant’'s age (month)

12 (Aug) 13 (Sep) 14 (Oct) 15 (Nov) 16 (Dec) 1hda 18 (Feb) 19 (Mar) 20 (Apr) 21 (May)
Mico 0.146 a 0.220 a 0.248 a 0.699 a 1643 a 22168 1.814a 0.820 a 0.335a 0.130 a
IAC 13 0.118 a 0.299 a 0.173 a 1.017 a 1.388 a 4136  1.408 b 0.580 a 0.162 a 0.072 a

IAC 14 0.120 a 0.426 a 0.245a 0.900 a 1441 a 72201 1902 a 0.763 a 0.379a 0.222 a

F 0.02¢ 0.77° 0.13° 1.88° 1.28° 12.98* 4.44* 1.1%P 0.94° 0.40°

* Significant at 5% probability based on F t€Stot significant; Means followed by the same leitethe column do not differ from each other,
based on the Tukey test (®85).

Table 2 - Means of stem dry matter production (Mg'h#or three cassava cultivars at 10 harvest dateingl the
second vegetative cycle. Araruna, PR, 1998/99.

Stem dry matter production (Mg ha)

Cultivars Plant's age (month)

12 (Aug) 13 (Sep) 14 (Oct) 15 (Nov) 16 (Dec) 1hJa 18 (Feb) 19 (Mar) 20 (Apr) 21(May)
Mico 7.221a 2.854b 4.062 ab 3.154b 4.242 b 6039 5.658b 6.164b 8.83lab 8.171ab
IAC 13 5.868 a 3362 b 3352 b 4.215 ab 4.035b 5.860 b 6.801 b 6.318 b 6.110b 6.860b
IAC 14 5.864 a 7.934 a 6.190 a 6.390 a 7.130 a 2%18 10.950 a 9.645 a 9.574a 10.238 a
F 0.89° 11.40* 3.18* 3.96* 4.36* 5.08* 11.29* 5.63* 4.84* .2p*

* Significant at 5% probability based on F t€8tot significant; Means followed by the same leitethe column do not differ from each other,
based on the Tukey test (B85).
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Stem dry matter fractions showed a cubiequations that would properly explain its
performance for the cultivars Mico (Fig. 2), IAC performance. Generally, means decreased slightly
13 (Fig. 3) and IAC 14 (Fig. 4). A small decreaseat the beginning of the second vegetative cycle and
in mean values were observed at the start of thecreased afterwards, reaching the maximum
second vegetative cycle and was probably due wmlues when the new physiological rest period
the re-mobilization of carbohydrates stored in th@pproached. Figs. 2, 3 and 4 contrast the
stems to restructure the plant canopy. Moreoveproductive performance of the storage root dry
this period of plant canopy restructuring coincidednatter for Mico, IAC 13 and IAC 14 cultivars,
with the most intense increase in dry leaf matterespectively. Leaf dry matter yield indicated that
production. The later growth and stabilization inthe initial reduction in the storage root yield
dry matter yield of the stem resulted in reserveoincided exactly with the restructuring period of
replacement by the photosynthesis apparatus thitte plant photosynthesis apparatus and that the
was already structured, and the approximation dater increase and stabilization was probably
the new physiological rest phase of the plantelated to the intensification on assimilate
Variations in the dry matter proportions in theproduction by the photosynthesis apparatus
stems compared to the total productivity wergSagrilo et al., 2002).

much subtly than those observed in leaf dry mattegenerally, for the cultivars under study, the
yield. Striking differences, however, wereperformance of the storage root dry matter yield
observed among the cultivars, and the contributiofollowed the same yield pattern as the stem dry
of stem dry matter to the total dry matter of ptant matter, and the values of the first were always
was on average 31.6% for Mico, 32.35% for IACsuperior to those of the latter. This tendency was
13 and 42.45% for IAC 14. Regarding thenot repeated, however, for the IAC 14 cultivar,
differences observed among the cultivars duringvhose storage root dry matter yield was lower
the harvest times for the dry matter production ofhan the stem dry matter yield for some periods
the stem (Table 2), the IAC 14 cultivar was(Fig. 4). Although the values of both the fractions
generally superior to the others in all thedecreased at the start of the second vegetative
assessments, except for the first, where noycle, variations in the stem dry matter yield
difference was ascertained among the cultivargshowed an earlier increase, compared to the
These data showed the high canopy productiostorage root dry matter. This suggested that the
potential of IAC 14 cultivar for the Northwest stem reserve establishment was the priority and
Parana environmental conditions. Similar findingghat they formed a preferential sink (Sagrilo et al
were also reported by Vidigal Filho et al. (2000). 2006). No significant differences were observed
The variation in the storage root dry matter yieldor the storage root dry matter yield based on the
over the harvest times did not allow fittingmean values of the harvest times (Table 3).

Table 3 - Mean values of storage roots dry matter yielDY), total dry matter yield (TDMY) and harvest iexl
(HI) based on dry matter (%) of three cassavawvautsi at 10 harvesting times during the second adigetcycle.
Araruna, PR, 1998/99.

Cultivars RDMY TDMY HI
(Mg ha) (%)
Mico 11.398 a 17.859 ab 63.20 a
IAC 13 10.433 a 16.369 b 63.15 a
IAC 14 10.589 a 19.740 a 53.08 b
F 1.34® 10.65* 8.93%

* Significant at 5% probability by the F test (P<05)." = not significant; Means followed by the samedeth the column do not differ based
on Tukey test.

Mico and IAC 13 cultivars were more efficient Mico and IAC 13 cultivars. IAC 14 showed the
than IAC 14 in allocating the dry matter producedowest values because it presented a more vigorous
in the storage roots (Figs. 2, 3 and, 4). Table 8egetative growth. This demonstrated its limited
confirmed this statement. Mean values of the drgapacity to allocate the assimilates to the storage
matter based harvest index were maximum foroots, compared to the other cultivars.
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A cassava growth model, described by Cock et atomparatively unfavorable conditions compared to
(1979) assumed that the storage roots receivarlher experiments where it was compensated by
only the assimilated that remained after meetinthe better distribution of assimilates to the gjera
all the growth needs of the plant canopy, aoots, in detriment to the canopy.

performance also observed by Keating et alNariations in the harvest index based on the dry
(1982). It could be inferred that this performancematter during the second vegetative cycle did
did apply to the cultivars evaluated at the presershow no interaction among the harvest times and
study and IAC 14, because of its geneticultivars (Fig. 5). Data did not fit to a model tha
characteristics of great vegetative growth led aas suitable for the performance presented by the
higher extent of carbohydrates, firstly to its gayo plants.

portion and leaving a relatively small proportionThe values were high at the start of the second
for storage roots. However, although thecrop cycle, over 60%, and fell sharply at the fourt
characteristics inherent to the cultivar mightharvest, when the plants had 15 months. Values
condition a less distribution to the storage roass, increased again only after the sixth harvest, when
observed for the IAC 14 cultivar, some agronomig¢he plants had 17 months, indicating a good
practices could, in the short-term, result inbalance of assimilates directed to the storagesyoot
potential solutions to improve the storage root dryntil the last harvest, with values higher than 65%
matter production x total dry matter productionThe period with the lowest harvest index was in
ratio, as mentioned by Keating et al. (1982). FoNovember, December and January. This period
example, in the case of IAC 14, its selection focorresponded to a high vegetative growth period
cultivation on the soils with poor fertility coulste  and leafing of the plants. All these events were
a viable alternative to improve this ratio. Hobmarconditioned by the high temperatures recorded in
et al. (1987) also reported less plant growth ithis period (Fig. 1).

62.0 4
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54.0 1
G62.0
G60.0

53.0 4

Harvest Index (%)
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o 1z 12 14 15 15 17 15 10 20 z1 Plant's Age
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Figure 5 - Mean harvest index values based on dry mattgrofthree cassava cultivars in 10
harvest times, during the second vegetative cyai@una, PR, 1998/99.

The presentation of the harvest index based on dtiiroughout the plants life, a fact that was not
matter, by plotting the dry storage root yield dataonfirmed by the data in Fig. 5. According to
in contrast to the total dry matter yield data vaas Keating et al. (1982), this was true for the trapic
simple and useful method developed by Boerboomegions but for the high latitude regions, such as
(1978) to define the dry matter distribution in thethat where the present study was carried out
cassava plant. The author assumed that assimild@8°55' S), the partition rates underwent high
partition in cassava followed a constant raticseasonal influences and tended to decrease with
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. : : : Istribution and storage organ Yyieldzield Crops
periodos de baixo crescimento vegetativo. Researchs, 293-303.

Kvitschal, M. V.; Vidigal Filho, P. S.; Scapim, @\;

Gongalves-Vidigal, M. C.; Pequeno, M. G.; Sagrho,
REFERENCES and Rimoldi, F. (2006), Evaluation of phenotypic
stability of cassava clones by AMMI analysis in

Abam (2006), Associacdo Brasileira dos Produtoees dnorthwestern Parana state. Crop Breeding and Applie
Amido de Mandioca. Avaiable in Biotechnology$ (3), 236-241.
http://www.abam.com.br/adm/not.php?id=65 Kvitschal, M. V.; Vidigal Filho, P. S.; Pequeno, N&.;
Accessed in June $2006. Sagrilo, E.; Brumati, C. C.; Manzotti, M. and

Alves, A. A. C. (2002), Cassava botany and physjplo Bevilagua, G. (2003), Avaliacao de clones de masadio
In-Cassava: biology, production and utilizatioad. ~(Manihot esculentaCrantz) para industria na regiao

ACKNOWLEDGEMENTS

Braz. arch. biol. technol. v.51 n.6: pp.1079-108@y/Dec 2008



Dry Matter Production and Distribution in three €aga Manihot esculent&rantz) 1087

Noroeste do estado do Paran&cta Scientiarum distribution in five cassava cultivars during the
Agronomy 25(2), 299-304. second plant cycle. Brazilian Archives of Biologyda
Olsen, K. M. and Schaal, B. A. (1999), Evidencetmn Technology49(6), 1007-1018.
origin of cassava: Phylogeography dflanihot Sales Filho, J. B. (1980), Distribuicdo de carbafids
esculenta. Proceedings of the National Academy of em plantas de mandioc&énihot esculentaCrantz)
Science96, 5586-5591. e o efeito do teor de reservas, na brotacdo e
Rimoldi, F.; Vidigal Filho, P. S.; Scapim, C. A.&n enraizamento de estacas de trés posi¢cdes do caule.
Gongalves-Vidigal, M. C. (2003), Avaliacdo de M.Sc. Dissertation, Universidade Federal de Vigosa,
cultivares de mandioca nos municipios de Maringa e Vicosa, Brazil.
Rolandia, no Estado do Pararfcta Scientiarum  Silva, D. J. (1981),Andlise de alimentos: métodos
Agronomy 25(2), 459-465. guimicos e bioldgicosJFV - Imprensa Universitaria,
Rimoldi, F.; Vidigal Filho, P. S.; Goncgalves-Vidiga  Vicosa.
M. C.; Clemente, E.; Pequeno, M. G.; Miranda, L.;Souza, A. B. and Fasiaben, M. C. R. (1986),
Kvitschal, M. V. (2006). Produtividade, composicdo Competicdo de cultivares de mandioca conduzida em
guimica e tempo de cozimento de cultivares de uma pequena propriedade no municipio de Rio Azul,
mandioca-de-mesa coletadas no Estado do ParandParandRevista Brasileira de Mandioc&, 99-104.

Acta ScientiarumAgronomy 28(1), 63-69. Tavora, F. J. A. F. and Barbosa Filho, M. (1994),
Sagrilo, E.; Vidigal Filho, P. S.; Pequeno, M. G.; Antecipacdo de plantio, com irrigacdo suplementar,
Scapim, C. A.; Gongalves Vidigal, M. C.; Maia, R. R no crescimento e producdo de mandideasquisa

and Kvitschal, M. V. (2002), Efeito da época de Agropecuaria Brasileira29(12), 1915-1926.
colheita no crescimento vegetativo, na produtividad Veltkamp, H. J. (1985), Physiological causes ofdyie
e na qualidade de raizes de trés cultivares devariation in cassavaianihot esculent&rantz). PhD
mandiocaBragantia 61(2), 115-125. Thesis, Agriculture  University, Wageningen,
Sagrilo, E.; Vidigal Filho, P.S.; Pequeno, M.G.; Netherlands.
Scapim, C.A.; Goncalves Vidigal, M.C.; Diniz, Vidigal Filho, P. S.; Pequeno, M. G.; Scapim, C; A.
S.P.S.S.; Modesto, E.C.; Kvitschal, M.V. (2003), Goncalves-Vidigal, M. C.; Maia, R. R.; Sagrilo, E.;
Effect of harvest period on the quality of storage Simon, G. and Lima, R. S. (2000), Avaliacdo de
roots and protein content of the leaves in fivesasa cultivares de mandioca na regido Noroeste do Parana
cultivars (Manihot esculenta Crantz). Brazilian Bragantig 59(1), 69-75.
Archives of Biology and Technologg6(2), 295-305.
Sagrilo, E.; Vidigal Filho, P.S.; Pequeno, M.G.;

Gongalves Vidigal, M.C.; Scapin, C.A.; Kvitschal, Received: July 04, 2006;
M.V.; Maia, R.R.; Rimoldi, F. (2006) Effect of Revised: June 11, 2007;
harvest period on foliage production and dry matter Accepted: May 20, 2008.

Braz. arch. biol. technol. v.51 n.6: pp.1079-108@y/Dec 2008



PAGINA
EM
BRANCO



