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ABSTRACT

In Argentina, cassavVi@nihot esculentaproduction does not meet the national demahe. aim of this work
was to analyze the effects of two planting systems of the stem cuttings (horizontal and vertical), two plant densities
(10,000 and 20,000 plant-haand two cassava genotypes. (Palomita and Blanca de Santa Catarina) on biometric
variables and on root and starch yields by means of a field experiment carried out in CoAigetatina. Eight
treatments were distributed following a randomized complete block design. The following variables were evaluated:
cutting sprouting percentage, plant height, percentage of intercepted photosynthetically active radiRijon (P
total, shoot and root fresh weight per hectare and/or per plant; starch production per hectare and weed dry biomass.
Blanca de Santa Catarina (BSC) demonstrated the best yield potattiakl planting determined higher sprouting
percentages, plant length andR®, consequently greater conversion into biomass and starch. Higher plant density
was associated with lower weed dry biomass and with lower root yield per plant. In conclusion, in cassava producing
areas, such as Corrientes, which has sandy soils, the vertical planting system at a density of 10,000vfifatitda
cv. BSC could be recommended to increase cassava yield without additional costs.
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INTRODUCTION 2019, which highlights the importance for the national

CassavaNlanihot esculent&rantz, Euphorbiaceae), NAustry (CARMGDA, 2020).
one of the three major tuberous crops produced worldwide, 'MProve cassava productivity with a better crop
is also a main material for starch and alcohol productigR@nagement and without any additional cost, should
(Balagopalart al, 2002) Actually just 14% of cassava is include the most effective options such as to choose the
produce inAmerica (Howeler 2014).Argentina is the appropriate genotype, the suitable plant density and an
southernmost cassava producing country in the woRPtimal weed control methodology (Howel2014).

representing just about 0.76% of total Sofitherican Particularly in cassava crop, the optimal density to
output with 194,452 tonnes annually grown in 19,417 heéeach maximum yield, will depend on the growth habit of
tares of the northeast regiofA®GSTAT, 2020). the genotypes (Ospina & Ceballos, 2002). This will deter-

Argentine cassava root production is not enough fdine the most suitable plant density in order to use the
satisfy its domestic starch demand, where the idle capac#gvironmental resourcesfiefently.
of cassava industries actually exceeds 50% (Aristizabal Although cassava is a rustic crop, one of the factors
& Calle, 2015). In this context, cassava starch representidgit can affect its cultivation efficiency is crop weed
32% of the total starches imported during the period 2000empetition (Ospina & Ceballos, 2002; Howe2014).
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During the citical period, first 90 days after plantation (10,000 and 20,000 plantHaand two cassava genotypes
(dap), crop weed competition can lead to reductions of (pv. Palomita andv. BSC).The densities were determined
to 90% in root yield, representing 30% or more oby planting patterns of 1 x 1 m and 1 x 0.5 m. The experi-
production costs (Silvat al, 2012). InArgentina, weed mental was a randomized complete block design with three
control is usually done through manual or mechanicaéplications, 24 plants per treatment were sampled,
removal. None agrochemical has yet been registereddorresponding 8 plants per replication. The plots of each
be used in cassava crop in the country replication had 15 4 rows of 5 m length each one spaced
Cassava cuttings can be planted in different positiofy 1 m between rows. Only the central rows were used for
and vertical planting system is recommended principallaking samples, while the other rows were considered
because it favors highest sprouting percentage and edvlyrders.
initial growth (Aristizabal & Sanchez, 2007). For these The soil was prepared in a conventional way by two
reasons, this system should be considered as a cultumalsswise passes of a disc plough and a light haftosv
weed control method since there is still no herbicidplanting was carried out during the first week of November
allowed for this crop idrgentina. 2013 with neither supplementary water irrigation nor
The objective of this work was to evaluate sustainableutrient supplied. Stem cuttings were cut with a length of
production systems based on ecophysiological studi@® cm and 20 cm for the horizontal and vertical planting
that would contribute to explain the generation of cassaystem, respectivelirhe stem cuttings were completed
va yield of two genotypes planted in two densities ancbvered by the soil at approximately 8 cm deep when they
with two cutting planting systems in a subtropical an@ere horizontally planted, while with the vertical system

sandy soil growing region. the cuttings were buried up to 50 % of their length.
Several variables were measured: cutting sprouting
MATERIALSAND METHODS (%): the observation of the first expanded leaf 10, 17 and

The study was carried out in the Experimental Field &4 dap was taken as reference; plant height (cm): plants
the Facultad de CienciAgrarias, Universidad Nacional were measured randomly by repetition 30, 60 and 90 dap;
del Nordeste (UNNE) in November from 2013 to May 2014ntercepted photosynthetically active radiatioAR®: it
This place is located in Corrientes province (27° 28' Lat.\#as recorded with a ceptometer (portable and lin&Rr P
and 58° 16' LongW), Argentina.The climate is humid sensoy Cavadevices, Buendsires, Argentina); and
mesothermal Cfw'a (h), considering the modified Képpemeasured between the soil and the first green leaf 90 and
Climate Classification System, and it is characterized th50 dap; it was expressed as a percentage in relation to
average annual rainfall of 1,300 mm and average anndhé global incident radiatiomfter the manual harvest
temperature of 21.6 °C (Murpf3008). (210 dap), each plant was cut and weighed separately in

The soil is classified a&rgic Udipsamment, mixed, shoot and root fractions. Thus, it was obtained root fresh
hyperthermic, it is moderately to slightly acidic on theveight per plant (g plai} and other biometrical variables
horizonA; and it has a sandy texture, low fertility and lowsuch as shoot fresh weight per hectare t) laad root
cation-exchange capacity (Escolmral., 1994). Soil fresh weight per hectare (t-Havere estimatedAdding
samples taken from the field at 0-0.20 m depth showed thlBoot and root fractions of each plant, total fresh weight
following chemical properties, pH=5.51, Organic matter per hectare (t i was calculated for each plant density
0.64, Phosphorus = 11.8%y dm?, Calcium =1.1¢molc  Starch production per hectare (t*havas calculated
kg?, Magnesium = 0.40molc kg* and Potassium = 0.11 considering root starch concentration determined by the
cmolc kgt. gravimetric method (@ro & Cafas, 1983). In order to

Two cassava contrasting genotypes widely dissenmibtain weed dry biomass (g3ma random sampling was
nated inArgentina were selected to carry out this studylone on each repetition 75 dap, using a frame’ Wirere
Both genotypes are locally denominated as cultivaveeds were removed using a hoe, and then they were
Palomita and Blanca de Santa Catarina (BSC), respectivelyied in an oven at 70°C until constant weight was
Thecv. Palomita is a late branching genotype and it hahieved.
leaves with linear lobes. On the other handcth8SC is For all variables, data was submitted to variance
an early branching genotype and it has leaves witnalysis (ANOA) and Duncars Multiple Rangdest (P
lanceolate lobes. Furthermoes,BSC has a lgler canopy < 0.05), checking a prior normality test by InfoStat software
size respect tov. Palomita in association with their growthversion 2008 (Di Rienzet al, 2016).To perform the
habits. ANOVA, data that did not have a Gaussian distribution

Eight treatments were established in order to studyere transformed by lgg(x + 2) , such asARi, root fresh
the effects of two planting systems of the stem cuttingseight and starch production per hectare, and weed dry
(horizontal or vertically positioned), two plant densitiediomass.
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RESULTS Total fresh weight per hectare
Cutting sprouting The total fresh weight (TFW) expressed as biomass

Simple factors evaluated such as genotype (G) (PiQtonnes per hectare showed a significant response With
0.0001), planting system (PS) (P < 0.0001), plant densf§92rd to the genotype (P < 0.0001) and the planting
(PD) (P=0.0161) and their two-way interactions producedYStem (P <0.001). The greater TFW was reached by the
a significant efect on cassava cutting sproutidgso the  C% BSC and with the vertical planting system in
interaction Gvs PSvs.PD showed significant differences C0mpParison with thev. Palomita and the horizontal
in the cutting sprouting percentage (Figure 1apR040). Planting system, respectiveljhe two-way interaction
In both plant densities, th. BSC proved to be sensitive PSVS PD (P=0.022); and the three-way interactiovsG

to the planting system showing a significant increase fa> VS PD (P=0.0003) were also analyzed. From this
the cutting sprouting percentage when it was vertical aIyS|s,. it became clear that thg vertical planting system
positioned, but not thev. Palomita (R 0.0001)When the  1@vors h|g.her blomass.generatlon, regardless of plant
interaction PS/s.PD was analyzed, it was also observed€nsity (Figure 2a). This response would be associated
that the vertical position significantly increased the cuttinff the highest&Ri observed with the vertical planting
sprouting percentage regardless of the plant density (FYStem (Figure 1c).

0.0040).The highest percentage (83%) was obtaines.in

_ : Shoot fresh weight per hectare
BSC when it was planted at the lower density (F0040).

] The shoot fresh weight (SFW) represents the aerial
Plant height biomass of the crop, composed of the stems and leaves of
Plant height was found to be very sensitive to athe canopy The SFWin tonnes per hectare was
factors studied (genotype, P = 0.0246; planting systemsiynificantly modified by the genotype (P < 0.0001),
< 0.0001; plant densityP = 0.0001) and its three-way planting system (P <0.0001)& PS (P < 0.0001), & PD
interaction (P < 0.0001). Respect to the genotype effe¢B=0.014), PSs PD (P=0.007) and & PSvs PD (Figure
cv. BSC significantly surpassed tbe Palomita in terms 2b; P <0.0001). Thus, plant density alone does not deter-
of plant height. The analysis of thev@ PS interaction mine the final SF\\Mbut rather determines it in combination
revealed a prominent influence of the vertical position owith each genotype and the planting system, or both
the plant height in both genotypes (P = 0.0307), which factors. In this wayboth genotypes produced more SFW
general were 81% taller than those obtained with the hethen vertically planted at the same plant denSitg G
rizontal system. This pronounced effect of the verticals.PD interaction determined that tbe BSC produces
planting system on plant height was also observed whgreater SFWegardless of the plant densityis finding
the three-way interaction was tested (Figure 1b; P is probably associated with the early branching growth
0.0001). If only the plant density is considered, the plantabit of thecv. BSC.
were about 14% taller with 10,000 planttithan with
20,000 plant ha(P = 0.0001). Root fresh weight per plant
The root fresh weight per plant (RFW) showed significant
differences in terms of genotype (P < 0.0001), planting system
The percentage of intercepted photosyntheticaIIQp <0.0001), plant density (P < 0.0001), the interactiorss G
active radiation (RRi) by the crop varied considerably pp (P=0.0007) and @ PSvs PD (Figure 3a; P=0.0454).
with the genotype (P < 0.0001) and was affected by thQhen the three-way interaction was analyzed, it was evident
planting system (R 0.0001)After 90 dap, theARiranged  that the vertical planting system had a positive effect on the
from 20%-58% ircv. Palomita and from 40%-80%@.  REW per plant in both genotypes (Figure 3a). Besides, the

BSC. Evidentlycv. Palomita intercepted a lower percentaggse of the highest plant density had a detrimental effect on
of the incoming RRi thancv. BSC, on average 40% andrrw per plant (Figure 3a).

60%, respectivelyMoreover 150 dap, this average

increased to 55% iev. Palomita, whilev. BSC reached Root fresh weight per hectare

78%.The highest RRi reached byv. BSC (P< 0.0001) The partition of the biomass towards the roots deter-
may be associated with its early branching habit. On timines the crop yield (t Ha This variable was significantly
other hand, the vertical planting system allowed increasimdfected by genotype (P <0.0001), by planting system (P
the FARI in both genotypes evaluated and plant densities 0.0001), and also by the &&. PSvs. PD interaction
(Figure 1c; P=0.0498The higher RRi with the vertical (P=0.0309)Thecv. BSC yielded about 80% more RR&r
plantation and with the lowest plant density may bkectare thaev. Palomita, and on the other hand, the ver
associated to the greater height of the plants favored tigal planting system promoted an increase in yield of 120%
both factors (Figure 1b). in relation to the horiantal planting system, regardless of

I ntercepted photosynthetically active radiation
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plant density (Figure 3b). When comparing the RFW per Starch production per hectare

plant (Figure 3a) and the RFW per hectare (Figure 3b), a The starch production per hectare responded
compensation effect related to plant density was observgqigmﬁcanﬂy to the genotype (P < 0.0001) and to the
thus with low density the greater individual yield achieve§|anting system (P < 0.0001) as much as the interaction G
to compensate for the lower number of plants per hectagg.PSvs.PD (P=0.0496)The starch production of. BSC

The most widespread plant density in this cassawgas 81% higher than thatof Palomita (P < 0.0001), this
production area, which is 10,000 plantharned out to is consistent with the results observed in RFW per hecta-
be the optimum for both genotypes to express their indie (Figure 3b). The same compensative effect observed in
vidual root yield potential that compensates for the lowdRFW per hectare due to the plant density was found in

number of plants. starch production per hectare (Figure 3c).
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Figure1: a) Dynamics of cassava cutting sprouting (%), b) plant height (cm) and c) percentage of intercepted photosynthetically
active radiation (RRi, %) by two cassava genotypes.(Palomita ancv. Blanca de Santa Catarina) with two plant densities
(10,000 and 20,000 plant-Haand two planting systems (horizontal and vertical), measured at different days after planting (dap).
Different letters indicate major ééfences due to genotyps planting systems plant density interaction, according to Dunsan’
Multiple RangeTest (P< 0.05).
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Regardless of the plant densityie cv. Palomita after planting. In this sensey. BSC presented a higher
showed an increase in starch production per hectagetting sprouting percentage compared withPalomita
related to vertical planting system (Figure 3c). Howgevein the measurements made the first 24 @4ple Veldsquez
the cv. BSC showed diérences in starch production (2006) found no differences among eight cultivars studied,
related to the vertical planting system only with 20,000h coincidence with our research Lozaebal (1983)
plant ha (Figure 3c). When analyzing particularly thepointed out that genetic variability establishes considera-
incidence of the planting system, it was observed thhte differences regarding the sprouting, rooting and plant
vertical planting led to an increase in starch productiovigor. Moreoverthe plants of thev. BSC were significantly
per hectare of 121% compared to horizontal planting (Ptaller than those frorov. Palomita, showing their vigorous
0.0001). habit.Alves (2002) attributed the variations in plant height

. to the genotype, as well as to growth conditions and cul-
Weed dry biomass tural practices.

Weeds are considered the main component of the Since cassava productivity is determined by its
agroecosystem which reduces the cassava crop produgtbmass production rate and its efficiency in photosyn-
vity, taking this into account, it was observed how thghate accumulation in tuberous roots, anything that
experimental design influenced weed control during theontributes to improve the photosynthetic process is of
critical period. The statistical analysis of our experimengreat importance for yield generation (Ramanujan, 1990).
demonstrated that only the variable plant density affectedl relation to this, in our experiment it was observed that
weed dry biomass @ble 1; P=0.01). In consequence, the vertical planting system significantly increased the
the higher the plant density (20,000 plant)h¢éhe lower  cutting sprouting percentage regardless of plant density
the weed dry biomass and the greater the weed contrafhese results coincided witnikwe & lkenganyia (2018)

and withAristizabal & Sanchez (2007) who reported that
DISCUSSION the vertical planting is recommended because it promotes

Since the final crop yield is the result of growth ratea higher sprouting percentage. These authors also
and the underlying ecophysiological changes (Bette reported an early initial growth when cuttings were planted
al., 2001), it is expected to be influenced by the genotypertically. Likewise, these plants were 81% taller than those
used. In this research, significant differences due tterived from horizontal planting in the first 90 dap.
genotype were recorded and its effect was early detectedrthermore, these plants had intercepted 58% n#dre P
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Figure2: a)Total (TFW) and b) shoot fresh weight (SFW) per hectarelftdfawo cassava genotypev(Palomita andv. Blanca

de Santa Catarina) with two plant densities (10,000 and 20,000 pignaddtwo planting systems (horizontal and vertical),
measured 210 days after planting (dap). Different letters indicate major differences due to genptgpéng systemvs plant
density according to Duncas’Multiple Rangélest (P< 0.05).
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between 90 and 150 dap, which was associated with higiieund that about 50% ofARi was reached at 60 to 90
biomass conversion and higher starch accumulation. dap; two of them reached 90% &R 125 dap, while all
Veltkamp (1985) reported a close relationship betweent the cultivars intercepted 90% OARi just at 152 dap.
the yield and the &Ri, but the last variable was In our experiment, the fraction of incoming/®i during
significantly modified by the management. Thus, théhe first 150 dap, about 60% of an annual crop cycle, was
adequate genotype played an important role in yieD% forcv. BSC when planted verticall{pon the other
increase, but other crop management practice was almband,cv. Palomita did not even intercept 60% at its best
equally important, particularly the planting system as owield when planted vertically
experiment showed. It became clear that total fresh biomass generation, as
Vertical plantation was a determinant managememtell as shoot and root fresh biomass were significantly
factor in improving yields. The vertical planting systenhigher due to the effect of vertical planting system,
allowed increasing theARi per cassava crop in both regardless of plant densiffhis could be explained by
genotypes and at both plant densities. This point is tdfe higher RRi when cuttings were vertically planted.
particular importance, sindltkamp (1985) found a line- Particularly associated with its early branching havit,
ar relationship between total dry matter yield aARP BSC produces greater shoot fresh weight per hectare than
The same authpsstudding particularly four cultivars, cv. Palomita. On the other hamd, BSC also yielded about
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Figure 3: a) Root fresh weight (RFW) per plant (g pignb) root fresh weight (RFW) per hectare (£hand c) starch production
per hectare (t 9 of two cassava genotypes/(Palomita andv. Blanca de Santa Catarina) with two plant densities (10,000 and
20,000 plant hg and two planting systems (horizontal and vertical), measured 210 days after planting (dap). Different letters

indicate major dierences due to genotype planting systems plant density interaction, according to Duneavultiple Range
Test (P< 0.05).

Rev CeresVigosa, v 68, n.6, p. 546-554, nov/dec, 2021



552 Angela Maria Burgost al.

80% more root fresh weight per hectare thafPalomita  significantly lower rate than vertically or angled planted
regardless of the plant density used. In fact, Palomita andttings.
BSC showed significant yield dé&rencesAt this point it In relation to the plant densjtyloweler (2014) reported
is questionable whether the branching pattern itsetfiat increasing the plant density the yield of each plant
caused the root yield increase or whether itis in associatimould decrease due to the competition from neighboring
with the vertical planting system. plants as it affects the efficiency of light and space use.
In general, as vertical planting had a significantépez (2002) also points out a decrease in root size due to
positive effect on root yield, it also improved the starchn increase in plant densityn our experiment with no
production per hectare in both genotypes. In contrastutrient supplied sandy soil, 10.000 plant'ias the
the use of a high plant density had a detrimental effect optimum density to achieve the maximum yield per hecta-
the yield per plant. Our results differ from reports bye for both genotypes, thus compensating for the lower
Aristizabal & Sanchez (2007) in which the planting positioplant stand As for root production per hectare a
had no influence on yield. Nevertheless, they agree witompensatory effect due to plant density on starch yield
studies carried out by Howeler (2014 Aisia, Legeset per hectare was also observed.
al. (2011) inAfrica and Conceigéo (1983) and Ospina & Cassava is a poor competitor and can suffer serious
Ceballos (2002) in Soutkmerica, who found that vertical yield losses if the crop is not properly weeded during the
or angled planting produced significantly higher root yiel@arly stages of plant growth. In our research, plant density
than horizontal plantind\ccording to Legeset al.(2011), was the only factor that considerably affected weed dry
cuttings horizontally planted sprout slower and at hiomass, in agreement with Peressin (2013) who considers

Table 1: Weeds dry biomass (WDB) (g-#haccumulated in the first 75 days after planting (dap) in two cassava genatypes (
Palomita anctv. Blanca de Santa Catarina) with two plant densities (10,000 and 20,000 pfrandawo planting systems
(horizontal and vertical)

Cultivar Planting system Plant density WDB p-value
(plant ha?) (gm?)
Palomita - - 46.3* 0.4370
Blanca de Santa Catarina - - 44.5 '
- Horizontal - 50.8 0.1897
- Vertical - 39.9 ’
- - 10,000 61.0 a**
' 0.0011
- - 20,000 29.8b
Palomi Horizontal - 50.4
alomita Vertical - 42.2
; 0.5352
Bl de Santa Catari Horizontal - 51.3
anca de Santa Catarina Vertical i 378
Palomita - 10,000 58.5
- 20,000 34.1
0.2026
Blanca de Santa Catarina ) 10,000 63.6
- 20,000 25.4
) Horizontal 10,000 66.0
- 20,000 35.7
0.4370
- Vertical 10,000 56.1
- ertica 20,000 23.8
Palomita Horizontal 10,000 63.5
Blanca de Santa Catarina Horizontal 10,000 68.5
Palomita Vertical 10,000 53.5
Blanca de Santa Catarina Vertical 10,000 58.7 0.5886
Palomita Horizontal 20,000 37.3 '
Blanca de Santa Catarina Horizontal 20,000 34.0
Palomita Vertical 20,000 30.8
Blanca de Santa Catarina Vertical 20,000 16.8

*Mean value of theWeed dry biomass (WDB). **Dferent letters indicate statistical tifences due to plant density according to
Duncans Multiple RangeTest (P< 0.05).
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it as a key cultural factor for this purpose. High plantnikwe MAN & lkenganyia EE (2018) Ecophysiology and

: : production principles of cassavaMénihot species) in
denSIty favors the early canopy closure reducmg WeedSoutheastern Nigeria. InWaisundaravyY (Ed.) Cassava.

presence. Consequenttiis factor should be taken into  sjgney Australian College of Business &echnology p.105-

account as a cultural control in an integrated weed122.

management program (Howel2014). Aristizabal J & Sanchez T (2007) Guia técnica para produccién y
On the other hand, as mentioned above, higher densitgnalisis de almidén de yuca. Roma, Food dwgticulture

caused a detrimental effect on cassava yield per plant S(?rgamzatlon of the United Nations. 134p.e€hnical Bulletin,

o . . ' ~163).

it is not considered as a suitable crop management

. . . . Aristizabal J & Calle F (2015) Produccién, procesamiento, usos y
practlce.Anlkwe & Ikenganyla (2018) mentioned that comercializacion de mandioca. Buendises, Instituto Nacio-

weeds can also be controlled in cassava using the cultunal deTecnologia Industrial. 78p. €Ehnical Bulletin, 22).

ral method, for example, the use of increased plaBhiagopalan C, Hillocks RJ & Thresh JM (2002) Cassava utilization
population. Even so, an integrated weed management cain food, feed and industryn: Hillocks RJ,Tresh JM & Belloti

be employed. This involves the use of a combination c)fAC (Eds.) Cassava: Biologyroduction and Utilization. New
. . York, CABI Publishing. p.301-318.
methods to achieve desired results, e.g., use of a pre-

emergence herbicide which is followed by subsequeRP°te KJ: Kropff MJ & Bindraban PS (2001) Physiology and
modelling of traits in crop plants: implications for genetic

hand weeding. improvement.Agricultural Systems, 70:395-420.

Finally, since Cu'FU_ral pr.aclnces a'je not enough @ AFAGDA - CéamaraArgentina de Fabricantes ddmidones,
reduce weed competition, it is imperative to promote theGlucosas, Derivados yAfines (2020) Importaciones.

herbicide experimentation for cassavAigentina. Almidones. apertura por tipo de materia primaailable at:
http://cafagda.com.ar/estad_impo.htAkccessed onAugust
th
CONCLUSION 14", 2020.

.. . . . Concei¢doAJ (1983)A mandioca. Cruz da&lmas, Nobel. 383p.
Genotype variations were associated with differences | | blad

P . P " . . -Di Rienzo JA, Casanoves Balzarini MG Gonzalez L,Tablada M
in biomass and its subsequent partition, interacting WI{%& Robledo CW (2016) InfoStat version 2008. Cérdoba, Grupo

all other productivity factors, thusv. BSC showed itS  |nfostat/Universidad Nacional de Cérdoba. 336p.

initial sproutlng vigor and maximum final yield potent@l.ESCObar H, Ligier DMelgar R, Matteio H &Vallejos O (1994)
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The findings obtained in this study show that the Technology 5:448-454.
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