This is an open acce @
article under the CC B @
license Creative Common

Growth analysis of potato genotypes
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ABSTRACT

Analyzes of plant growth throughout the crop vegetative cycle are important to know the dynamics of the plant
development. Thus the objective of this work was to study the development of potato genotypes throughout the crop
cycle, in three environments. Experiments were conducted in Canoinhas-SC, Pelotas-RS, and Brasdli; Dithe
2018 crop seasoA.randomized complete block experimental design with three replicates wa3nastsdrelated to
different plant parts of clones F183-08-01 and F50-08-01 and.thstexix were evaluated as a function of time and, at
the end of the cycle, for tuber yield. The two clones were found to have high tuber yields, but later development than
‘Asterix’; consequentlyits management must be adapted to this trait. Leaf mass, leaf nleabarea index and root
mass plus stems were correlated with each athdreaf area index, leaf number and leaf mass can be quantified through
only one of these traits, due to the high correlation between them. There were also positive and significant correlations
between the height of the tallest stem and the root plus stem mass and the tuber mass, indicating that more vigorous
plants have higher tuber yield.
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INTRODUCTION different from those prevailing in temperate regions (Silva
o etal., 2012; Moreirat al., 2015; Silvat al., 2018a). Thus,

About 3.65 million teis of potatoes are produced eacly,e yeyelopment and evaluation of cultivars more adapted
year in Brazil, in an area of approximately 118 thousand yhe grazilian growing conditions are fundamental for
hectares, with an average yield of 31.0t(f&GE, 2018). potato chain.

The potato is oAndean origin, and the most cultivated  pjgnt development depends on genotype-environment
species in the worlolanumtuberosum ssp fuberosum,  interaction for trait expression. Based on the analysis of
was selected and adapted to European cultivatiglant growth, it is possible to evaluate yield potential of
conditions and subsequently disseminated throughout t&@notypes and also to know plant development over time,
world, including Brazil. Therefore, it is better adapted t¢hcluding under the soil (Escalaretesl., 2016).
long photoperiods and, when cultivated under shorter This information is important to determine the best
daylength, as occurs in the main producing regions gfages for performing cultural treatments, such as the
Brazil, it presents a very short growing cycle, requiring planting density to be used, heaping, fertilizer timing and
large amount of fertilizers to reach high yields (Séva., dose application of top dressing, phytosanitary control,
2018a). and plant topkilling.

In addition, climate, soil and disease conditions found In addition to knowledge about the rate of tuber
in the countrys main potai producing regions are quite formation and development, it is important to know the
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dynamics of leaf and stem formation and maintenancBAP in Brasilia. Crop and phytosanitary practices followed
responsible for photoassimilate production processeg&commendations of the respective regions.
because approximately 90% of plant mass results from The randomized complete block design with three
photosynthetic activityand 10% from absorption andreplications was used. The useflibt consisted of two
accumulation of soil nutrients. Photoassimilates are firgbws of 25 plants each, spaced 0.75 m between rows and
accumulated in the leaves and stems, and later transloca¥egb m between plantsn external guard row was used in
to the tubers after the start of tuberization, which occuggch plot.
about 30 days after planting (Fernanetea., 2010). Plants were harvested at 30, 44, 58, 72, 82 and 100 DAP
There are several ways to evaluate plant arifl Canoinhas; at 34, 48, 62, 76, 90 and 105 DAP in Pelotas:
development and determining leaf area development is oaed at 38, 52, 66 and 80 DAP in Brasilia. One external plant
of the mostimportant and efficient. Leaf area is an importaper row of the useful plot was discarded before each
trait in the evaluation of plant photosynthetic capacitiharvest, and four plants were harvested in each plot (two
and may be influenced by the occurrence of biotic anser useful row), evaluated togethend the average values
abiotic damage, plant metabolism, and influence on finaf the four plants in each harvest were obtained.
yield, quality and crop maturity (Busat al., 2010; The following traits were evaluated: fresh mass of
Virmondet al., 2017).The leaf area index expresses th@ompound leaves, g (leaf mass); fresh root mass plus stems,
ratio between the existing leaf area in the plant and the Sﬁitroot mass + stem); total tuber number (tuber number);
area occupied by it and describes the size of the cr@gher mass, g (tuber mass); number of stems (number of
assimilator system. Higher leaf area indices indicate Iargg@ms); height of the largest stem of each plant, cm (height
leaf area for solar radiation interception and, within certaigs > stem). Leaf area index (LAI) was also evaluated,
limits, higher indices are associated with higher plafptained by the ratio between the leaf area and the area
growth and higher tuber yield (Jadoskal., 2012). occupied by the plants @m?). To calculate the plant leaf
Plant development can be affected by a number gfea, the leaf disc method was used, by collecting 20 leaf
variables, including climate, soil and crop conditionsdiscs with the aid of a perforator with a known area,
Therefore, to characterize the superiority of genotypesyiteighing the leaf discs on a precision scale and
is important to consider their responses to the differeakirapolating these values in relation to the mass of the
environments of growing regions. leaves (leaf mass), according to the methodology adapted
The objective of this work was to study thefrom Limaetal. (2007).
development of potato genotypes throughout the crop At the time of the last harvest held in Canoinhas and

cycle in three environments. Pelotas, 100 DARNd in Brasilia, 105 DARhe tuber yield
was evaluated using the remaining 16 plants per plot: total
MATERIAL AND METHODS tuber yield, t ha (TTY); marketable tuber yield (transverse

Three experiments were conducted to analyze tiEAMeter>45mm), t famarketable tuber numbéra’/
growth and development of advanced potato clones F184200; average marketable tuber mass, g; and percentage of
08-01 and F50-08-01 from the Braziliagricultural Research Marketable tubers mass (% marketable tubers).
Corporation (Embrapa) breeding program, compared to the Variance, regression and correlation analyzes were
cultivar Asterix, which is widely grown for fresh market performed on data of traits evaluated during the vegetative
and French fry processing in Brazil. cycle of the plants, and Scott-Knott grouping of means (p

The experiments were carried out in Canoinhas-S@ 0.05) on data of yield traits evaluated at the end of the

(26°10'38" S, 50°23'24W, 765 m a.s.l.) and Pelotas-RSCYCle: using the Genes software (Cruz, 2013).

(31°52'00"S, 52°25’00'W, 50 m a.s.l.) in the spring crop

season of 2018, and in Brasilia-DF (15°55'44" S, 48008’24RESULTS AND DISCUSSION

W, 999 m a.s.l.) in the winter season of 2018. In Brasilia, the Significant differences among genotypes for most

clone F50-08-01 was not evaluated. Planting dates weraits evaluated during the crop cycle were found in

06/08/2018, 08/16/2018 and 15/05/2018, respectively ~ Canoinhas and Pelotas experiments, and for all traits
Type Il seeds (diameter 40-50 mm) stored for six montlevaluated in Brasilia @bles 1, 2, 3 and 4). D&rences

in cold stored (3.5£0.5 °C) were used. Fertilizers weramong genotypes and genotype-environment interactions

applied in the furrowin Canoinhas, 3,000 kg fiaf the by date of harvest were not significant for tuber mass,

formulated NPK 04-14-08 was used; in Pelotas, 3,500 lggem number and height of the tallest stem of each plant

ha! of NPK 05-20-10; and in Brasilia, 3,000 kg'tei NPK  for Canoinhas and Pelotasaflles 1 and 2J.herefore, for

04-30-16 + 0.5% ZrEarthing up wasdone about 40 days these traits a single regression equation was adjusted

after planting (DAP) in Pelotas and Canoinhas, and Z®nsidering the mean value of the three genotypes.
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Table 1: Regression equations for plant traits evaluated between 30 and 100 days after planting of three potato genotypes in Canoinhas-SC, in the spring crop season of 2018

Leaf mass(g) Root mass + &m mass(g) LAI(m 2/m?) Leaf number
Asterix
y =0.0127% - 3.5203% + 282.24x - 5616.9 y =-0.9143% + 119.78x - 2623.5 y = 0.00002x 0.0047% + 0.3816x - 8.11 y =-0.1938x24.112x - 443.75
R2=0.80 P =0.05 R2=0.98 P =<0.01 R2=0.80 P =0.05 R2=0.88 P =0.05
MP: 347.36g at 58.79 days MP: 324.88g at 65.50 days MP: 2.55 at 78.33 days MP: 76.56 at 62.20 days
F50-08-01
y =-1.1294% + 155.79x - 3576.6 y = -0.8884% + 145.35x - 466 y =-0.0012% + 0.1676x - 3.6442 y =-0.1771% + 24.336x - 467.85
R2=0.87 P =<0.01 R2=0.99 P =<0.01 R2=0.87 P =0.03 R2=0.94 P =0.05
MP: 448.96 at 68.97 days MP: 619.78 at81.80 days MP: 2.20 at 69.83 days MP: 92.04 at 68.70 days
F183-08-01

y =0.0192% - 4.8458% + 365.71x - 7207.7 y =-0.8029% + 122.42x - 2968.6 y = 0.00003%- 0.0063% + 0.4755x - 10.3557 y =-0.2103% + 26.926x - 534.3 0
R2=0.80 P =0.05 R2=0.94 P =<0.01 R2=0.81 P =0.05 R2=0.81 P =0.05 o
MP: 362.37 at 57.14 days MP: 424.46 at 76.24 days MP: 2.34 at 70 days MP: 81.89 at 64.02 days %
Overall mean: 216.19 Overall mean: 302.83 Overall mean: 1.05 Overall mean: 55.47 o
CV:22.98 CV: 20.77 CV: 22.87 CV: 13.87 %
CVg/CV: 3.28 CVg/CV: 2.50 CVg/CV: 3.37 CVg/CV: 3.50 g

Mean of the three genotypes o
Tuber mass. g Sem number Height of > stem. cm - 3
y = 48.819x - 1849.2 y =-0.005% + 0.4738x + 22.428 y =-0.0186% + 3.5143x - 75.63 %
R2=0.96 P =0.02 R2=0.92 P =0.05 R2=0.99 P =0.05 ©
MP: 758.17 at 100 days MP: 8.41 at 47.38 days MP: 90.00 at 94.47 days - %
Overall mean: 331.01 Overall mean: 7.33 Overall mean: 15.62 - %’
CV: 30.00 CV: 22.45 CV:9.64 o
CVg/CV: 3.26 CVg/CV. 0.76 CVg/CV:5.06

Leaf mass (mass of compound leaves detached from stems of each plant), g; Root mass + stem mass (mass of roots plus mass of stems of each plant), g; IAF (foliar area index, obtained by tle rate between
the measurements of square footage area occupied by the leaves of each plant, by the plot area occupied by tRéngldrsaj, mamber (total number of leaves of each plant); Tuber mass (mass pf
tubers of each plant), g; Stem number (number of stems of each plant); Height > stem (height of the highest plantiegnession determination coefficient; P: P-statistic of the analysis of variande
to the highest significant degree of the regressionficdeits; MP: maximum production obtained and correspondent period;c@aficient of variation; CVg/CV rate between the genotypic and
phenotypic coefficient of variation.
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Table 2: Regression equations for plant traits evaluated between 34 and 105 days after planting of three potato genotypes in Pelotas-RS, in the spring crop season of 2018
Leaf mass(g) Root mass + &m mass(g) LAI(m 2/m?) Leaf number
Asterix
y =-0.0707% + 10.663x - 273.51 y =-0.0002% + 0.016% + 0.8914x -21.94h=-0.0003% + 0.0448x - 1.1752y = 0.0002x0.062% + 5.1025x - 88.513
R2=0.92 P =0.05 R2=0.80 P =0.05 R2=0.88 P =0.05 R2=0.68 P =0.05
MP: 128.53 at 75.41 days MP: 50.60 at 73.54 days MP: 0.49 at 74.66 days MP: 42.40 at 105 days
F50-08-01
Leaf mass. g Root mass + &m. g LAI m 2/m? Leaf number
y =-0.1106% + 18.086x - 491.41 y =-0.047% + 7.371x - 176.9 y =-0.0004% + 0.0611x - 1.7139 y =-0.0134% + 2.5024x - 51.665
R2=0.89 P =0.05 R2=0.83 P =0.05 R2=0.96 P =0.05 R2=0.97 P =0.05
MP: 247.97 at 81.76 days MP: 112.10 at 78.41 days MP: 0.63 at 76.37 days MP: 65.16 at 93.37 days
F183-08-01
Leaf mass. g Root mass + &m. g LAl m 2/m? Leaf number
y =-0.0684% + 12.274x - 345.47 y =-0.0333% + 6.851x - 191.15 y =-0.0003% + 0.0596x - 1.6918 y =-0.0109% + 2.6493x - 65.378
R2=0.90 P = 0.05 R2=0.90 P = 0.04 R2=0.91 P =0.05 R2=0.97 P =0.05
MP: 205.15 at 89.72 days MP: 161.22 at 102.87 days MP 1.27 at 99.33 days MP: 95.60 at 105 days
Overall mean: 129.00 Overall mean: 74.37 Overall mean: 0.52 Overall mean: 45.80
CV: 23.23 CV: 27.46 CV: 29.09 CV: 35.05
CVg/CV. 2.51 CVg/CV: 1.75 CVg/CV: 2.09 CVg/CV:1.03
Mean of the three genotypes
Tuber mass. g Stem number Height of >stem. cm -
y =-0.0059% + 1.2092% - 70.361x + 1228.9 y = 0.00002%- 0.0045% + 0.2878x - 1.5433 y =-0.0108% + 1.8645x - 42.799
Rz =0.99 P =<0.01 R2=0.91 P =0.04 R2=0.98 P =0.05
MP: 399.19 at 94.58 days MP: 4.12 at 46.22 days MP: 37.67 at 86.32 days -
Overall mean: 201.72 Overall mean: 3.58 Overall mean: 28.44
CV: 27.64 CV:32.38 CV:10.80
CVg/CV: 3.40 CVg/CV: 0.32 CVg/CV: 3.75 -

Leaf mass (mass of compound leaves detached from stems of each plant), g; Root mass + stem mass (mass of roots plus mass of stems of each plant), g; IAF (foliar area index, obtained by t
the measurements of square footage area occupied by the leaves of each plant, by the plot area occupied by thémfldreaj, mamber (total number of leaves of each plant); Tuber mass (mass
tubers of each plant), g; Stem number (number of stems of each plant); Height >stem (height of the highest plantiegmassion determination coefficient; MP: maximum production obtained an
correspondent period; C\¢oeficient of variation; CVg/CV rate between the genotypic and phenotypic fexieht of variation.
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Growth analysis of potato genotypes 211

Canoinhas experiment indicates that the plants grew less, although they continued
In Canoinhas, quadratic or cubic responses wek@grow foralonger period pf time. ‘Asterix’ pres_ented the
mass, which presented linear growth up to 100 DAF50-08-01 intermediate values. Tuber mass was maximum
Phenotypic coefficients of variation were lower for leafit 94.58 DAP; the height of the tallest stem was higher at
number (CV13.87%) and higher for the tuber mass (C\86-32 DAP; and stem numbes in Canoinhas, was earlier
phenotypic coefficients of variation (CVg/CV) was higheith @ maximum value of 4.12 on averagat{f 2). Itis not
than the unit for most traits, indicating a predominance §0Ssible to accurately state the reason for later
genetic effects and reliability in the results (Ceuzl., development in Pelotas than in Canoinhas, since the
2014), except for the stem numffer which the ratiowas SProuting stage was standardized and the growing season
0.76. similar. In Pelotas, the total rainfall in the period was 680.80
The fresh mass of composite leaves peaked near ®. the average daily temperature was 17.8°C, and the
DAPfor cultivarAsterix and clone F183-08-01 (58.79 ancfverage daily minimum temperature was 13.8 °C. These are
57.14 DAR respectively), with similar mass (347.36 andigher values compared to Canoinhas (558.20 mm, 16.7 °C
362.37 g plant, respectively). The clone F50-08-01and 7.2 °C, respectively). On the other hand, the average
presented higher fresh mass of composite leaves (44g8%5ly maximum temperature (22.68°C) and relative humidity
value occurred lateat 68.97 DARTable 1). respectively).
Root fresh mass plus stems mass showed lower values
for ‘Asterix’, intermediate for F183-08-01 and higher for
F50-08-01. The leaf number also presented the same N Brasilia, phenotypic coefficients of variation were
response pattern for the three genotypes, with the high&, ranging from 9.87% for the height of the tallest stem to
maximum value for F50-08-01 at 68.70 DAReriod similar Values close to 20% for leaf numpleraf mass, and mass
to the maximum leaf mass (68.97 DAP). The leaf area ind@Rd stem number &ble 3).The values of the rate between
showed maximum values ranging from 2.20 to 2.55, i.e., le¥e coefficient of genotypic and phenotypic variation were
surface equiva'ent to S“ght'y more than double the aréwher than the unit fOI’ a” traItS, |nd|Cat|ng a pl’edomlnance
occupied by plants @ble 1). of genotypic variation over phenotypic variation.
Tuber mass increased until the last harvest, at 100 DA¥#garding the leaf mass, the two genotypes presented
(75817 g p|arﬂ') The maximum stem humber was reacheaimilar maximum VaerS, but ‘Asterix’ was earlier than F183-
earlier than the other traits, at 47.38 DRh an average 08-01, with maximum values already in the first harvest, at
of 8.41 stems plarit The length of the tallest stem of each38 DAR but decreasing from this date.

Brasilia experiment

plant, howevercontinued to grow up to near 95 DAWth The maximum leaf number was also similar for both
a maximum value of 90 cm on the average of the thré@@notypes, but also occurred earlier in ‘Asterix’ (46.77
genotypes (@ble 1). DAP) than in F183-08-01 (71.05 DAP). The root mass plus
_ stem mass and the stem number were higher for ‘Asterix’,
Pelotas experiment which had practically twice the stems (6.82) compared to

In Pelotas, quadratic or cubic responses were verifigd 83-08-01 (3.75). Howevdf183-08-01 presented higher
for the traits, indicating that the evaluation period wastem height (66.43 cm) and higher leaf area index (3.19)
sufficient to determine the point of maximum growth of théhan ‘Asterix’, which had the following values, 54.04 cm
evaluated traits. Phenotypic coefficients of variation rangeuthd 2.12 rfim?, respectivelyRegarding the tuber yield,
from 10.80% for the height of the tallest stem, to valuesoth genotypes presented similar values to 80,AR
just over 30% for leaf number and stem numbBer stem were still in full growth at this time @ble 3), but due to
number the rate between the genotypic and phenotypjgdant death in the plots bigalstonia solanacearum did
coeficient of variation was low (CVg/C\0.32), showing a not have enough plants for subsequent harvests, but only
predominance of phenotypic variation over genotypitor the final yield assessment.
variation, as for Canoinhas, indicating that caution is Although ‘Asterix’ stood out for the early tuber
needed regarding conclusions related to this trait. Howevedevelopment in Brasilia, the largest leaf area (leaf area
the ratio was higher than the unit for all other evaluataddex, leaf number and leaf mass) near the end of the
traits (Table 2). vegetative cycle, when there was a greater tuber

The maximum values of leaf mass, root mass plus stetevelopment, was presented by the clone F183-08-01
mass, leaf area index and leaf number were observed IgfEable 3), which may have been the factor responsible for
than for Canoinhas, although the values were IoWas the higher tuber yield of this clone at this site at 105 DAP
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Table 3: Regression equations for plant traits evaluated between 38 and 8affeAplanting of three potato genotypes in BrasiliaiDFhe winter crop season of 2018 B
N
Leaf mass (g) Root mass + &m mass (g) LAI (m %m?) Leaf number
Asterix
y =-3.5027x + 462.61 y =-0.0057%X + 0.9196% - 46.722x + 914.08 y =-0.0003%+ 0.0474% - 2.5435x + 51.89 y = 0,002% - 0,3764% + 22,027x - 355,91
R2=0.96 P =0.03 Rz2=1P =0.05 R2=1P =<0.01 Rz2=1P =0.04
MP: 329.50 at 38 days e 182.39 at 80 days MP: 197.52 at66.41 days MP: 2.12 at 73.00 days MP: 55,56 at 46,47 days
F183-08-01
Leaf mass (g) Root mass + &m mass (g) LAI (m %m?) Leaf number
y =-0.1163% + 14.393x - 122.38 y =-0.004% + 0.4054x + 145.19 y =-0.0004% + 0.0692% - 3.7341x + 62.61y = -0.00008% + 0.0138% - 0.7494x + 67.777
R?=0.86 P =0.05 R2=0.94 P =0.05 R?2=1P =<0.01 R2=1P =0.05
MP: 322.93 at 61.87 DAP MP: 155.46 at 50.67DAP MP: 3.19 at 72.28 DAP MP: 55.51 at 71.05 DAP
Overall mean: 274.72 Overall mean: 152.31 Overall mean: 1.13 Overall mean: 49.34
CVv:19.71 CV: 17.70 CV: 12.87 CV:19.45
CVg/CV: 4.93 CVg/CV: 7.22 CVg/CV:5.47 CVg/CV:5.52 o
Asterix g'
Tuber mass (g) Sem number Height of >stem (cm) - 5
y = 21.524x - 650.34 y = 0.0005% - 0.0853% + 4.9643x - 87.58 y = 0.0638x + 48.939 - %
R2=0.99 P =0.05 Rz2=1P =0.01 R2=0.97 P =0.05 %
MP: 1071.58 at 80 days MP: 6.82 at 56.86 days MP: 54.04 at 80 days 3
F183-08-01 )
Tuber mass (g) Sem number Height of >stem (cm) - %
y = 24.244x - 881.98 y =-0.00009%+ 0.0164% - 1.0085x + 24.53 y =-0.0009% + 0.1624%- 9.0779x + 213.4 g
R?2=0.99 P =0.05 Rz2=1P =0.05 R2=1P =0.05 :
MP: 1057.54 at 80 DAP MP: 3.50 at 67.50 DAP MP: 66.43 at 76.14 DAP -
Overall mean: 584.02 Overall mean: 3.75 Overall mean: 53.88
CV: 14.44 CV: 20.75 CV:9.87
CVg/CV: 8.97 CVg/CV: 5.06 CVg/CV: 6.93 -
Leaf mass (mass of compound leaves detached from stems of each plant), g; Root mass + stem mass (mass of roots plus mass of stems of each plant), g; IAF (foliar area index, obtained by tle rate between
the measurements of square foot area occupied by the leaves of each plant, by the plot area occupied by th#nplanés)i, mumber (total number of leaves of each plant); Tuber mass (mass of tubgrs
of each plant), g; Stem number (number of stems of each plant); Height > stem (height of the highest plarit)regresRion determination coefficient; MP: maximum production obtained angl
correspondent period; C\¢oeficient of variation; CVg/CV rate between the genotypic and phenotypic faceht of variation.




Growth analysis of potato genotypes 213

(Table 4). In Pelotas, this clone was also the mo%sterix’, with average values of 29.75, 28.71 and 15.66 t
productive, while the clone F50-08-01 showed intermediate?, respectivelyThese values were very similar to those
tuber yield, although higher than ‘Asterix’. In Canoinhaspbserved in the present study for Pelotas and for
howeverthe clone F50-08-01 was more productive tha@anoinhas, to the clone F50-08-01; howel@xer than
the others (able 4). those obtained in Brasilia, where clone F183-08-01
In a study by Fernandesal. (2010), it was also found presented marketable yield of 48.24 t lim the present
that ‘Asterix’ had a large stem number per plantstudy and 41.07 t Haobserved by Silvat al. (2018a),
Considering a similar leaf number between genotypes, esnfirming the high yield potential of these clones.
occurred between ‘Asterix’ and clone F183-08-01 in the Regarding the average yield of marketable tubers
Brasilia experiment, the leaf distribution on a higher steproduced by ‘Asterix’ (16.21 t by, it was is close to
number may represent a reduction in self-shadirnthose reported by Silvet al. (2012) of 13.24 t hj by
(Fernandest al., 2010). In addition, a higher stem numbePintoet al. (2010) of 18.40 t hgand by Silvat al. (2017)
tends to correlate with a higher tuber number per plardgf 13.97 t ha.
however in general, also with a smaller average size of Fernandest al. (2010) evaluated the growth of culti-
these tubers (Silvat al., 2018b). varAsterix from 20 to 97 DARand verified 6.3 stems per
Silvaet al. (2018b) evaluated the same clones of thiglant on average. The authors also observed that the
study in an earlier generation, in order to assess their yietdimber of stems did not increase with the advance in the
potential against in comparison with other advanced clonesop cycle. In that work, the length of the tallest stem of
and two checks, including ‘Asterix’. The authors reportetAsterix’ was close to 60 cm and did not increase from 55
mean values of 58.57, 56.69 and 52.81 cm for the heightlDAP on. The values reported by Fernanetest. (2010)
the tallest stem at 60 DA&nd stem number of 4.34, 6.27are close to the values obtained in the present work for the
and 6.24 for F183-08-01, F50-08-01 and ‘Asterix’cultivar Asterix, especially in the Brasilia experiment.
respectivelyThe authors also reported that both cloneBernandest al. (2010) found that ‘Asterix’ had a higher
presented higher marketable tuber yield than cultivamumber of leaves earlier compared to other cultivars, with

Table 4: Means grouping for potato tuber yield traits, evaluated at 100 days after planting in Canoinhas-SC, at 105 days in Pelotas-
RS, and at in Brasilia-Qf 2018

TTY MTY MTN AMTM PMTM
(t ha?) (t ha?) (no./1000 ha) (9) (%)
Canoinhas-SC
Asterix 21.63a 16.35b 117.05a 155.21 a 76.29 b
F183-08-01 20.42 a 10.94 b 110.69 a 98.96 a 53.17¢c
F50-08-01 32.38a 27.48 a 188.30 a 146.44 a 85.12 a
Overall mean 24.81 18.26 138.68 133.54 71.52
CcVv 21.59 19.70 32.77 31.40 4,55
Cvg/icVv 1.08 2.27 0.75 0.43 5.02
Pelotas-RS
Asterix 12.59¢c 8.8lc 80.95b 108.30 ¢ 86.82 a
F183-08-01 32.03a 28.07 a 195.92 a 143.47 a 87.62 a
F50-08-01 2441 b 21.09b 169.31a 12456 b 69.53 a
Overall mean 23.01 19.32 148.73 125.44 81.32
cv 11.45 7.08 9.44 4.20 11.42
Cvg/CVv 3.67 7.10 4.24 3.29 0.94
Brasilia-DF

Asterix 35.44b 2346 b 121.37b 193.08 b 65.99 b
F183-08-01 58.60 a 48.24 a 178.91 a 269.83 a 82.35a
Overall mean 47.02 35.85 150.14 231.45 74.17
cv 5.66 2.16 2.05 3.01 2.26
Cvg/CVv 6.12 22.61 13.20 7.76 6.89

TTY: total tuber yield, t h& MTY: marketable tuber yield, t ha-1; MTN: marketable tuber number pé&l®@0; AMTM: average
marketable tuber mass, g; PMTM: Percentage of marketable tuber massp&fi¢ient of variation; CVg/CV genotypic codicient of
variation / phenotypic coefficient of variation; Means followed by different letters in the column differed significantly by the Skott and
Knott test or by the t test at 5% probability of the error
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Table 5: Phenotypic correlations between plant traits evaluated of three potato genotypes between 30 and 100 days after planting
in Canoinhas-SC, upper diagonal; and between 34 and 105 days after planting in Pelotas-RS, lower diagonal, in spring crop season of
2018

Leaf Root LAl Leaf Tuber Stem Height of

mass mass+ $m number mass number >stem
Leaf mass 0.70* 0.98* 0.97* -0.49 0.38 0.37
Root mass + Stem 0.86* 0.62* 0.71* 0.12 0.24 0.77*
LAI 0.97* 0.89* 0.96* -0.51 0.35 0.35
Leaf number 0.85* 0.94* 0.92* -0.51 0.49 0.32
Tuber mass 0.50 0.43 0.53 0.53 -0.45 0.76*
Stem number -0.09 -0.08 -0.12 -0.12 -0.52 -0.33
Height of > stem 0.84* 0.81* 0.89* 0.87* 0.64* -0.28

*significant at 5% probability by thé test with 54 observations.

Leaf mass (mass of compound leaves detached from the stems of each plant), g; Root mass + Stem (root mass plus stems mass of each
plant), g; LAl (leaf area index, obtained by the ratio between the square meter measurements of the area occupied by the leaves of each
plant, by the area of the plot occupied by the plant$jmfnLeaf number (total number of leaves of each plant); Tuber mass (mass of

tubers of each plant), g: Tuber mass (mass of tubers of each plant), g; Stem number (number of stems of each plant); Height of > stem
(height of the tallest stem of each plant), cm.

approximately 70 leaves per plant at 50 DgtRbilizing to To better understand the relationship between the traits
close to 80 DAP and decreasing from this time on. Theeasured in successive harvests, a simple correlation test
total tuber yield of this cultivar was close to 40t hethat  was performed between the traitaifle 5).
study The time and leaf number reported by Fernaetles  For Brasilia, correlations were generally non-significant
al. (2010) are similar to those observed in the present stuglyd, as they involved only two genotypes, were not
in Canoinhas, and the total yield slightly higher than théiscussed. In Canoinhas and Pelotas, significant
present study in Brasilia. correlations were observed between the traits leaf mass,
The decrease in measurements and plant growth indegf numberleaf area index and root mass plus stem mass,
(leaf mass, root mass plus stem mass, leaf area index, l@&bf which were correlated with each oth@utstanding
number and height of the tallest stem), which occurred @orrelations, above 90%, was between leaf area index and
average from 63.59 DAP for Brasilia, 72.25 DAP irleaf number and leaf mass. There were also significant
Canoinhas, and a little later for Pelotas, at 87.82,@A8 correlations, at both sites, of the height of the tallest stem
the corresponding increase in tuber mass, is due to a natith the root mass plus stem mass and with the tuber mass,
ral process of potato plants, in which photoassimilateésdicating that plants with taller stems presented higher
produced in the aerial part are translocated to the tubersuber yield. The height of the tallest stem was also
be stored mainly as starch. This process begins at fhasitively correlated with leaf mass and leaf number and
early stage of tuber formation, and tends to accelerate widaf area index, in both sites, but being significant for
crop development, gradually decreasing at the end of tRelotasAccording to Silvaet al. (2018b), traits related to
growth cycle and finishing with plant senescencéhe plant vegetative growth, such as stem nujrgtem
(Fernandestal., 2010). size and plant vigor are related to the index of vegetative
Regarding the leaf area index, other studies have besnea available for photosynthesis. Some studies reported
done on evaluation of this trait in the cultivaterix, used direct relationship of these traits with tuber yield, such as
as a check in this work, and found contrasting valuethe positive relationship between plant height and tuber
ranging from close to 1.00 (Zanetal., 2013) to 3.21 and yield (Khayatnezhaet al., 2011; Arslan, 2007; Fekadet
4.44 (Cogat al., 2006), while in the present study it rangedl., 2013), and plant vigor with tuber yield (Silegal.,
from 0.49 to 3.06. Higher leaf area values, within certair007; Pereirat al., 2017).
limits, may be related to higher interception of solar
radiation and associated with higher plant growth andONCLUSIONS
tuber production (Jadoski al., 2012), but may vary for
the same cultivar due to various factors, such as fertilization Clones F183-08-01 and F50-08-01 have high tuber yield
(Cogoet al., 2006) and irrigation management (Aguiar Nett@otential, but have later plant development than the culti-
etal., 2000). The best spatial distribution of the leaf are¥arAsterix; therefore, management should be adapted to
which would provide better photosynthetiti@éncy, may ~ this trait.
depend, for example, on stem number per plant (FernandesLeaf mass, leaf numhdeaf area index and root mass
etal., 2010). plus stem mass are correlated with each other; but, higher
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correlations exist between leaf area index and leaf numb€rayatnezhadMR, Shahriari BR & Gholamin RG (2011)

PTS . Correlation and path analysis between yield and yield
and leaf mass, indicating that the evaluation of one Ofcomponents in potataSelanum tuberosum L.). Middle-East

these traits may be sufficient to characterize or quantify journal of Scientific Research, 7:17-21.

the leaf proportion of potato plants. Lima JF Peixoto CP & Silva Ledo CA (2007) indices fisiologicos

Significant correlations between the height of the tallest® crescimento inicial de mamoeir@efica papaya L.) em casa
A ({e vegetacao. CiénciaAgrotecnologia, 31:1358-1363.
stem and root mass plus stem mass and tuber mass indicaie

that plants with taller stems, i.e., more vigorous plant&oreiracM, Ainto CABP, Ribeiro GHMR, GarneiroOLG & Guedes
P 9 P ML (2015) Clones de batata tolerantes ao calor para diferentes

present higher tuber yield. segmentos de mercadamazonian Journal ofgricultural and
Environmental Sciences, 58:138-145.
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