Carbohydrates concentration in leaves of potato plants affected
by nitrogen fertilization rates!

Heder Braun?, Paulo Cezar Rezende Fontes®, Tania Pires da Slva*, Fernando Luiz Finger®,
Paulo Roberto Cecon®, Ana Paula Sato Ferreira’

10.1590/0034-737X201663020016

ABSTRACT

At poor conditions of nitrogen (N) in the soil, potato plants may accumulate starch in leaves and be indicative of N
nutritional stress. The objective of this work was to determine the effects of N rates (0, 50, 100, 200 and380Ny ha
on the concentrations of carbohydrates (total soluble sugars-TSS, reducing sugars-RS, non-reducing sugars-NRS and
starch) in the fourth leaf (FL) of two potato cultivars (AsterixAtiantic) and their critical levels (CL) associated to the
N fertilization rate necessary to obtain the maximum physical (MPE) and economic (MiEieney of tubersA
randomized block design with four replications was used in both experiments. On day 21 after plant emergence, four FL
were collected from four plants. Potatoes plants fertilized with low rates of N accumulated less TSS in leaves than those
properly fertilized. The opposite occurred with content of starch. The cultivars showed similar responses to five doses
of N in relation to contents of starch ahiS. Howeverthe response to the increase in doses of N for RS, NRS and
Starch/NRS is cultivar-specific. The correlations between contents of RS, NRS and Starch/NRS with the starch and TSS
were dependent on the potato cultivar
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RESUMO

Teores de carboidratos nas folhas de batata influenciados pdoses de nitogénio

Em condic¢des de deficiéncia de nitrogénio (N) no solo, as plantas de batata podem acumular amido nas folhas e ser
indicativo de estresse nutricional de N. Determinou-se o efeito de doses de N (0; 50; 100; 200 e-3G®keehas
teores de carboidratos (aclcares sollveis totais-&8itares redutores-AR e ndo redutores-ANR e amido) produzi-
dos na quarta folha (QF) de dois cultivares de batata (AstAtiargic) e seus niveis criticos (NC) associados a dose
de N necesséria a obtengdo da maxima eficiéncia fisica (MEF) e econdmica (MEE) de tubérculos. Em ambos os experi-
mentos foi utilizado o delineamento em blocos casualizados, com quatro repatis®isdias, apds a engéncia das
plantas, foram coletadas quatro QF de quatro plantas. Plantas de batatas que receberam as menores doses de |
acumularam mendsST nas folhas do que aquelas adequadamente nutridas. O oposto ocorreu com o teorAlg amido.
cultivares apresentaram respostas similares para as cinco doses de N quanto aos teoresAigTafBitiee¢anto, é
cultivar especifica a reposta ao incremento na dose de NRa&&IR eAmido/ANR.As correlacdes entre os teores de
AR, ANR eAmido/ANR com os teores de amido eAleT sdo dependentes do cultivar de batata.
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INTRODUCTION sugars as well as starch decreased as nitrate supply
increased in the solution (Cratzal., 2003).Yet, Jinet al.
In potatoes (Solanum tuberosum L.), the : .
. . (2015) reported that levels of sugars increased in leaves of
metabolisms of carbon (C) and nitrogen (N) need to be_. : :
. . . ] maize plants as levels of N increased. On the other hand, it
coordinated to achieve their optimal growth and . .
. . was found in common bean plants, that the accumulation
development. The strong relationship between carbo? - .
. . of glucose and starch, at the limiting conditions of N, was
and N strengthens the physiological responses tg . »
. . __approximately the half when compared to normal conditions
explain the growth of plants by means of mteracuong (Jifon &Wolfe, 2002)
between both of them (Osomeal., 2008). There are ’

. 0 In momentary unfavorable conditions of N, Fhal.
two distinct ways where CQabsorption is reduced . .
. G . g2011) consider that carbohydrate reserves in branches
when submitted to condition of low N. One is due to th

: . : . or stems play an important role in buffering stress. Under
reduction of proteins and enzymes involved in th Pay P g

o . ese conditions, plants accumulate starch in the leaves,
assimilation of CQand the other is due to the fact that - o . .
. . i . hich may be indicative of nitrogen nutritional stress.
N affects the drain activity when using assimilate

. . hus, there is not much information in the literature of
carbon at a rate higher than the supply capacity by thh

e . ) .
. . . ; e influence of doses of nitrogen fertilizers on
source, which results in the accumulation o

. bohydrat tent duced in | f potat
carbohydrates in the leaves (Chen & Cheng, 2003). car. ony ra. e. con e.n S .pro uced in jeaves o PO ato
. . cultivars. Similarly little is known on the correlation
In potato plants, via photosynthesis, leaves are the major . . . .
. . etween carbohydrates in the leaf with physiological
organ responsible for the production of carbohydrates, most,.
indices and the N commonly used to evaluate the N status
commonly sucrose and starch (Paul & FQ801), usually S0 .
. ofhthe plant. Thus, the objective of this work was to de-
transported and stored in the tubers, where the starch .
termine the effect of N on the amount of carbohydrates
represents 52-80% of the dry matter (BreiLah., 2010) and . .
. roduced in the fourth leaf of two potato cultivars, and
the main stored sugars are glucose, fructose and sucn?se. . .
stimate the critical level of contents of carbohydrates
Non-structural carbohydrates (hexose, sucrose and starc i . . .
. associated with the rate of N necessary to obtain
may accumulate in the stems of wheat plants (Reiska . . . S
. productions of maximum physical and economic efficiency
2008) or be remobilized and translocated to other parts in ;
. . - f tubes of two potato cultivars.
the plant (mainly drains), contributing to the growth ang
productivity gain (Pastal., 2011).
In conditions of light, sugars are the primary productMATERIAL AND METHODS
of carbon assimilation via photosynthesis (Chen, 2014). In The experiments were carried out in the experimental
addition, a fraction of the carbon assimilated byrea located at 693 m above sea level, at 20°45' S and 42°51"
photosynthesis is temporarily retained in chloroplasts &9 in a Red-¥llow Cambic Podzolic Soil (Embrapa, 2013),
starch instead of being converted into sucrose and beM@gosa, state of Minas Gerai¥he soil used in the
exported to the plant growth sites (Niittyd&al., 2004). experiment had pH of 6.58 in water; 0.00 cmolcdifiAl 3;
This temporary starch is degraded overnight to provid&l.2 mg dn? of remaining P; 230 g Kgpf sand; 300 g ky
continuous supply of sugars that sustains the metabolighclay and 470 g kyof silt. Firstly, deep plowing was
in the leaf (Zeemaet al., 2007; Zeemaet al., 2010). The carried out in the soil with moldboard plow and two leveling
temporary starch produced in the leaves is first degradgrhte passages, with a subsequent furrowing.
into maltose and glucose by hydrolysis and both are Two simultaneous experiments were established, each
exported to the cytoplasm and metabolized in the cytosakperiment corresponded to a potato culti&katerix and
(Niittyla et al., 2004). Thus, the main sources of free sugaitlantic. In each experiment, five doses of N were applied
found in plants are the disaccharides (sucrose and maltogk)50, 100, 200 and 300 kghH) in the furrow at pre-
and monosaccharides (glucose and fructose) (Ha#tordplanting, using ammonium sulfate. The experiments were
al., 2011). conducted in a randomized block design with four
Several factors may limit photosynthesis or influenceeplications in plots of 3.0 x 1.75 m, comprised of 28 plants
the partition of photoassimilates in the leaves to the tubérsfour rows, spaced by 0.75 m and 0.25 m between plants.
(Robredcet al., 2011). One of such factors is the nitrogerfhe two side rows and one plant at each edge of the
stress (Boussadiet al, 2011; Jinet al, 2015.). Besides central rows were used as borders, totaling 10 useful
wheat crop, starch and soluble sugars can accumulateplants.
rice plants (Hiranet al., 2005;Wanget al., 2006) and in The mineral fertilizers together with the N in the form of
grapegMtislabruscal.) (Chen & Cheng, 2003) with low ammonium sulfate and carbofuran insecticides were applied
N supply In cassava, total soluble sugars and norin the furrows and mixed with the soil as described in Braun

reducing sugars had their contents increased and reduci#g12). Certified seed potatoes with about 70 g, previously
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sprouted were used in the stu@n day 21 after full plant “t” Student test and on the coefficient of determination
emergence (DAE), the fourth leaf (FL) was collected fromalculated by the relationshipR SS,  .c.o[SScaimen)-

four plants representing each experimental Atd®2 DAE, For each cultivarthe critical level of N was estimated
the plants were hilled by horing solil up around the planising two doses of N, that is, the dose that provided the
stems (Braumt al., 2010). maximum physical (MFE) and economic (MEBj@éncy.

Approximately 1.2 g of leaf fresh weight was collected’he N dose that provided the MFE was obtained by equating
for the quantification of total soluble sugars (TSS), starclp zero the first derivative of the response equation of
reducing sugars (RS) and non-reducing (NRS) sugammmercial tuber yield to the N doses. The dose of N that
After that, the samples were placed in containefzrovided MEE was obtained by equaling the first derivative
containing 80% of heated ethanol (70 °C) and then tlod equation response of commercial tuber yield to doses of
containers remained at 5 °C until extraction andll to the relationship between the average price of N
guantification of carbohydrates. The plant material wasontained in the urea and the price of potatoes (R$/kg: R$/
homogenized in 80% ethanol, followed by centrifugatiokg). In addition, the values of the physiological and nitrogen
at 2,000 rpm for 10 minutes. Extraction and centrifugaticindices and the CP were submitted to simple linear correlation
were repeated three times and the supernatants waralysis (r) with the values for the carbohydrates produced
combined for the determination of total and reducin@ the fourth leaf. The statistical software used to perform
sugars.Total soluble sugars were determined by théhe analysis was the Sistema pArglises estatisticas e
phenol-sulfuric method (Duboist al., 1956) and Genéticas (System fottaistical and Genetidnalyses -
quantified by Somogy-Nelson method (Nelson, 1944). F&AEG version 9.1, 2007).
quantification of sugars, sucrose and glucose standards
were used fof SS and RS, respectively RESULTSAND DISCUSSION

The residue from extraction of TSS was dried at 70

°C, the starch was hydrolyzed in 52% of perchloric acid ForAsterix andAtlantic cultivars, the doses of N had a

for 30 minutes and centrifuged for 10 minutes at 2,0 fpear and positive effect on the content of TSS in the four

rpm, according to McCready (1950). The procedure Wégaf fresh mattewvhlle the cgntent of starch decreaseq as
Iaées of N increased, following the quadratic model (Figu-

repeated three times and the supernatants We| 1), Thatis. at the | td it fertil dded
combined for determination by using the phenol-sulfuriEe )- a_ IS, atthe lowes osesp nitrogen fertilizer adde
the soil, leaves of potato cultivars accumulated lower

method, as described for the determination of Tsé‘?
ounts of TSS and greater content of starch than those

Content of NRS was estimated by subtracting the RN = i
values from TSS. properly fertilized with N.

The following physiological indices were quantified: In both cultivars, N rates did not affect values of contents
specific leaf area plant (SLA, émg?) and of the fourth leaf of NRS in the fourth leaf fresh matt€he estimated average

(FLSLA, cn? g?) and the nutritional indices of N quantified inVvalues of NRS, followed by the stan_dard error of the mean
the fourth leaf (FL) were: N use efficiency (FLNUE, g;gy ~ WWere 1.96 £0.19 and 3.95 £ 0.24 migiythe fresh mass of
content per area (NCFLA, g @nN concentration (FLN the fourth leaf for cultivar@sterix andAtlantic (Table 1).

dag kg') and N contenfLNC, dag kdf) (data not shown as No difference between “Asterix” and “Atlantic” was found

a function of N doses). The physiological and nitrogef! @ dose of N in-relation to contents of starch and. TSS
indices as well as the commercial productivity (Cfat) ~ (Table 1). Depending on the doses of N, the cultivars

were used to perform the correlation analysis with thresented or did not present differences in the variables RS,
carbohydrates produced in the fourth leaf for the twb/RS and starch/NRSgble 1).
potato cultivars and their descriptions are presented in The effect of doses of N on the content of RS and
Braun (2012). starch / NRS was specific for potato cultivahus, a

To compare the two potato cultivars, joint analysis dPositive and linear effect of N rates on RS was found for
variance was performed considering each cultivar gltivarAsterix and a decreasing quadratieefwas found
experimentAfter completion of the analysis of variance,0n starch/NRS for the cultivatlantic (Table 2). In addition
regardless of the significance of the interaction betwedf the starch accumulation in leaves, at conditions of low
doses of N and cultivars, interactions between factors were the relationship starch/NRS s indicative of carbon
unfolded. Then, comparison of the means of the twieartitioning in plants, which has increased as doses of N
cultivars within each dose of N was performed by the te$tere reduced @ble 2) The results of this experiment are
of Tukey (p < 0.05). For the quantitative factome in agreement with Cruet al. (2003), who reported that
regression model was adjusted. The adjusted regressfstgh behavior is due to a deficiency in the capacity of
models were chosen based on biological sense, on ghgPorting sugar concomitantly to the stimulus for
significance of the regression coefficients (p < 0.10) by termation of starch in cassava.
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Thus, because of the low capacity of sucrose synthesis For the two potato cultivars, the relationship between
associated with the low concentration of inorganithe content of starch and TSS was significant and negative.
phosphate (Pi) in the chloroplast, triose phosphaiéhe significance of correlations between the contents of
produced via Calvis cycle would be responsible for theRS, NRS and starch/NRS with contents of starch and TSS
deviation of photosynthetically fixed carbon for starchielied on the potato cultivar §ble 3).
synthesis (Paul & Foyg2001). In this studyhis fact would In both potato cultivars, a significant and negative
probably be inferred by the significant and negativeorrelation between content of starch and N in mass basis
correlation between NRS and starch (r = -0.83 the (NCFL) and area (NCFLA) @ble 3) was found. It was also
Atlantic cultivar (Table 3). Howevelin the study carried observed a significant and negative correlation of starch
out by Cruzt al. (2003), starch synthesis was verified bycontent with the N content in the fourth leaf (NRFL) in
the significant and negative correlations of starch conteristh potato cultivars.
with NRS (r =-0.36 and Pi (r =-0.39. In addition, these In both potato cultivars, a significant and negative
authors reported a significant and positive correlatiocorrelation was found between the content of accumulated
between the content of starch with RS (r =0,3hatis, it starch in the leaf and tuber production and the other
is another factor responsible for the synthesis of starchphysiological and nitrogen variables in the leaves, except
cassava. MoreovePaul & Foyer (2001), reported that thethe specific leaf area of the fourth leaf (SPLAFL) and use
starch synthesis occurs when there is little Pi available @fficiency of N in the fourth leaf (NUEFL), which correlated
the chloroplast. positively with the starch content. Starch is an insoluble
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Figure 1: Content of total soluble sugars (A) and starch (B) of cultidaterix andAtlantic, according to the doses of N. **:
significant by the “t” test (p < 0.01).
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glucan, composed of polymers of amylopectin, amylossndition as well as to the carbon partitioning between
and glucose; it is synthesized in the plastids of thdifferent parts of the plamiccordingly carbon allocation
“source”, via photosynthesis. Plants store starch in tl@nong the metabolic pathways such as the formation of
leaves during the day and decomposes it at the followistarch, and formation of sucrose and the glycolysis can be
night, which is named temporary starch accumulation. kchanged.
C, plants such as potatoes, transitory starch breaking In a study by Hiranet al. (2005)with rice, starch
down occurs in two ways, hydrolytic or amylolytic andaccumulation was found in leaves of the plants grown in
phosphorolitic ways (\seet al., 2011). The degraded low N supply Poor N conditions reduce the growth of
starch provides substrate for leaf respiration and for tipdants and greater amount of carbon can be diverted for
synthesis of sucrose as well as for the export to othstarch formation (Paul & Driscoll, 1997). Stitt (1999) reported
growing parts of the plant (Zeemetral., 2010), mainly for that thisoccurs because N directly affects starch synthesis,
the tubers, in relation to potatoes. When there is a limitelat is, N affects the key enzyme in starch biosynthesis,
capacity by the plant to produce sucrose bwhich isADP-glucose pyrophosphorylase. In addition,
photosynthesis, the mechanism of temporary accumulatitire activity of sucrose phosphate synthase (SPS) is
of starch also acts as carbon sto8ar, it is not desirable reduced at limiting N conditions, which can stimulate starch
to have starch accumulation in the leaves but in the tubesmthesis. In a study by Chen & Cheng (2003), when there
where it is the main stored carbohydrate, about 52 to 8(G%excess of starch in the chloroplast, photosynthesis can
(Braunetal., 2010). be seriously affected, and there may be difficulties in the
Plants of both cultivars with severe low N (0 kghha arrival of CQ to carboxylation sites of Rubisco. These
presented higher content of starch in the leaves, 11.21 andhors reported that in N-limiting conditions, there are
10.39 mg g FM (Table 1) than those fertilized with thereduced amounts of enzymes and proteins involved in
optimal economical dose of N (8.88 and 7.68 m(flgble  assimilation of CQ
1 and Figure 1) fohsterix andAtlantic, respectivelyThat Starch accumulation in leaves of plants exposed to the
is, N deficiency decreased the capacity of the “source” M-limiting condition indicates unbalance between the
using the produced starch. The capacity of the “sourc&Source” and “sink”, that is, triose phosphate synthesis
is decreased when the plants are submitted to N-deficieneye produced by the plant exceeded its rate of utilization

Table 1: Critical level associated to the N dose that provided maximum physical (MPE) and ecoffioieitcgf(MEE) and the
content of starch, total soluble sugar (TSS), reducing sugar (RS) and nonreducing sugar (NRS) and the relationship between starch and
NRS (S/NRS), within N doses

. . Critical level N doses (kg ha)

Cultivars Variables

MPE MEE 0 50 100 200 300
Asterix Starch (mg @) 8.83 8.88 11.21A* 10.48A 8.94A 8.44A 7.84A
Atlantic 7.67 7.68 10.39A 9.06A 8.71A 7.49A 8.21A
Asterix TSS(mgd) 7.18 7.16 6.03A 6.67A 711A 7.20A 7.68A
Atlantic 7.56 7.55 6.70A 7.21A 7.34A 7.42A 7.88A
Asterix RS (mgd) 5.22 5.20 4.25A 4.41A 5.22A 5.28A 5.72A
Atlantic 3.36™ 3.36™ 3.29A 3.88A 3.25B 2.99B 3.39B
Asterix NRS (mg d¢) 1.96™ 1.96™ 1.78B 2.25A 1.89B 191B 1.96B
Atlantic 3.95™ 3.95™ 3.41A 3.36A 4.08A 4.43A 4.48A
Asterix Starch/NRS 6.05™ 6.05™ 6.86A 5.47A 6.32A 5.51A 6.10A
Atlantic 1.82 1.82 3.13A 2.80A 2.16B 1.80A 2.01B

FM: fresh matter mass; ns: non-significance of N dose on the analyzed characteristic in each cultivar

1 For each dependent variable, means followed by the same letter in the column are not statistically different from each other by the test
of Tukey (p > 0.05).

Table 2: Content of reducing sugars (RS) anidr&h/NRS relationship of cultivafsterix andAtlantic, according to N doses

Variable Cultivar Adjusted equation R?and r?
RS (mg ¢ of FM) Asterix { = 4.35026 + 0.00484082* N 0.87
Starch/NRS Atlantic § =3.20507 - 0.01264* N + 0.0000286898% N 0.97

FM: fresh matter mass; *: significant by the “t” test (p < 0.05).
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(Stitt, 1991; Cruet al., 2003). This indicates damage in theauthors reported the importance of this parameter as an
export of the starch from the “source” leaves to growingndicator of the physiological changes of the plants.
“drain” organs as well as a stimulus for starch formationin A positive correlation of NCFLA expressed in ggm
them. This starch accumulation in leaves in limitingvith TSS (r = 0.93 **, r = 0.87 *) was found for cultivars
conditions of N is due to the repression of geneAsterix andAtlantic. Howeverthe correlation between
associated with the ribulose-1,5 bisphosphate carboxyladZFLA with RS (r = 0.87*; r = -0.1%) was significant and
oxygenase (Rubisco) synthesis, reduced activity gositive for the cultivaAsterix, only (Table 3).When
Rubisco and the low concentration of N in the leaf (Paul &onducting a work with grap€sitislabruscalL.), Chen &
Driscoll, 1997). Thus, low concentration of N in leaf tissu€heng (2003) showed an increase in the contents of
both in weight basis (NCFL gyand in the area of the glucose, fructose and sucrose in relation to the content of
base (NCFLA g cm) is indicative of carbohydrate N inthe leaf based on area (g)min the present experiment,
accumulation in leaves of potato cultivars as well as planp$ant potatoes that received the lowest doses of N, in both
with low nitrogen nutritional status. cultivars, did not accumulate TSS in the fourth leaf fresh
The lower doses of N offered to plants had an effect anatter (Figure 1). Similar results were obtained by Chen &
the allocation of photoassimilates, not only altering th€heng (2003) in N-limiting conditions, in which grapes did
content of starch, but also the total soluble sugar (TSS)niot accumulate soluble sugars. Thus, for the optimal
the leaves (Figure 1). In both cultivars, the content of totgtowth and development of plants, metabolisms of C and
soluble sugars in the fourth leaf fresh matter increasétineed to be tightly coordinated.
linearly and positively as doses of N increased. Thus, A positive correlation of NCFLA expressed g&imwith
plants under treatments with severe deficiency of N (0 k§ST (r = 0.93 **, r = 0.87*) was found fohsterix and
ha') presented a lower content of TSS in the leaf freshtlantic cultivars. Howevethe correlation of NCFLAvith
mass, 6.03 and 6.7 mg ¢Table 1) than those fertilized RS (r = 0.87*; r =-0.1%¥) was significant and positive for
with the great economical dose of N, 7.16 and 7.55tg theAsterix cultivar (Bble 3) With grapes, \itislabrusca
(Table 1 and Figure 1), for the cultivesterix andAtlantic, L.), Chen & Cheng (2003) showed that there was increase
respectively in levels of glucose, fructose and sucrose in relation to
The study conducted by Paul & Driscoll (1997) reportieaf nitrogen content based on area (§).rn this study
the accumulation of soluble sugars on leaves of tobacptant potatoes that received lower doses of N in both
(Nicotiana tabacum) in N-limiting conditionsAccording cultivars did not accumulated TSS in fresh matter of the
to reports ofWingler et al. (2006), this accumulation of fourth leaf (Figure 1). Similar results were obtained by Chen
soluble sugars may have been caused due to the reducdbheng (2003) in N-limiting conditions, where grapes did
of carbon skeletons for the synthesis of amino acids andt accumulate soluble sugars. Thus, for optimal growth
proteins. On the other hand, &iral. (2015) reported that and development of plants, metabolisms of C and N need
sugar content increased as levels of N increased. Thésde tightly coordinated.

Table 3:Correlation of Pearson (r) between carbohydrates and physiological indices: plant specific leaf area and specific leaf area of
the fourth leaf (SPLA and SLAFL, ég?) and nitrogenous: N use efficiency in the fourth leaf (NUEFL%)ghy content of the fourth

leaf per area and mass basis (NCFLA and NCFL, §amd dag kg) and N content in the fourth leaf (NCFL, kgihaas well as
commercial yield (t hd), for potato cultivarésterix andAtlantic

Asterix Atlantic

Variable Sarch TSS RS NRS S/INRS  Sarch TSS RS NRS S/INRS

mg g*of FM mg g* of FM
TSS -0.97 -0.81 -
RS -0.99 0.96" - 0.35¢ -0.07s -
NRS 0.07 0.13 -0.15ns - -0.83 0.81 -0.64 -
SINRS 0.35¢ -0.44s -0.23¢ -0.74 - 0.95" -0.82 0.53 -0.94" -
CP -0.77° 0.73° 0.70° 0.07s -0.59% -0.94 0.78 -0.53¢ 0.91" -0.99
SPLA -0.80 0.85 0.84 0.05 -0.14s -0.75° 0.86 -0.33¢ 0.87 -0.77
SLAFL -0.54s 0.51 0.49¢ 0.06* -0.43s -0.21s -0.18¢ -0.07s -0.10¢  -0.18%
NUEFL 0.94" -0.98" -0.90 -0.26¢ 0.62¢ 0.94" -0.94° 0.09s -0.78 0.88
NCFLA -0.90 0.93" 0.87 0.19¢ -0.58% -0.81 0.87 -0.17s 0.77° -0.75°
NRFL -0.96" 0.96" 0.92 0.14 -0.59% -0.91 0.95" -0.27s 0.90" -0.90"
NCFL -0.94" 0.92 0.89 0.07s -0.61s -0.99 0.80 -0.41s 0.85 -0.95"

FM: fresh matter mass;

Rev CeresVicosa, v63, n.2, p. 241-248, mar/al2016
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A positive correlation between NUEFL with content ofoubois M, Giller KA, Hamilton JK, RebersAP& Smith F (1956)

. . . Colorometric method for determinations of sugars and related
starch was found in this work &ible 3). Higher NUEFL substanceAnalytical Chemistry 28:350-356.

was associated with the greater content of starch in the o _ .
| hich tivel lated with th ducti Embrapa - Empresa Brasileira de Pesquigeopecuaria (2013)
eaves, whichwas nega |ve¥correae wi € Productiong;siema brasileiro de classificagdo de solos. 32 ed. Brasilia,
of tubers. Thus, the production of tubers and NUEFL waseEmbrapa. 353p.
positively correlated with the starch content in the leaf. yaiford NG Curtis TY, Muttucumaru N, Postles J & Mottram
DS (2011) Sugars in crop plant&\nnals of Applied Biology
158:1-25.
CONCLUSIONS
Hirano T, SaitoY, Ushimaru H & Michiyama H (2005The
Potato plants fertilized with lower doses of N accumulate effect of the amount of nitrogen fertilizer on starch metabolism
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