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Leaf area index of potato (So/anum tuberosum L.) crop
under three nitrogen fertilization treatments

Indice de é&rea foliar del cultivo de papa (Solanum tuberosum L.)
bajo tres tratamientos de fertilizacion nitrogenada

Pedro Manuel Villa" 2, Lina Sarmiento®, Fermin José Rada®, Daniel Machado®*, and Alice Cristina Rodrigues’

ABSTRACT

Nitrogen fertilization has considerable effects on growth and
yield of potato crop. Leaf expansion is one of the most impor-
tant growth parameters that can be used to optimize nitrogen
fertilization management in agroecological practices. We
evaluated the effect of nitrogen fertilization on the leaf area
index (LAI) of potato crop during different phenological stages
by two different methods. Experimental plots were established
in a randomized block design with the following treatments:
no nitrogen supply (0-N), 133 kg N ha" (133-N), and 400 kg N
ha' (400-N), using the Granola variety, at the Andes region,
Merida city, Venezuela. We measured leaf area at the main
phenological stages of the crop using a plant canopy analyzer.
LAI showed significant differences among treatments and
phenological stages, except during the emergence stage. The
maximum LAT values were obtained 55 days after emergence:
400-N (1.42£0.16) > 133-N (0.92+0.21) > 0-N (0.34+0.08). Ni-
trogen fertilization had a significant effect on the development
of LAT in potato crop along its different phenological stages.

Key words: plant canopy analyzer, leaf area, granola variety,
Solanaceae.

La nutricién con nitrogeno tiene efectos considerables sobre
la dindmica de crecimiento y produccion del cultivo de papa,
siendo el desarrollo del area foliar uno de los parametros de
crecimiento mds importantes para optimizar el manejo de
recursos agroecologicos. Se evalué el efecto de la nutricién
de nitrégeno sobre el indice de drea foliar (IAF) a través de
dos métodos durante diferentes fases fenologicas del cultivo.
Se establecieron parcelas experimentales bajo un disefio de
bloques al azar, con tres replicas por tratamiento de fertiliza-
cion; sin nitrégeno (0-N), 133 kg N ha” (133-N), y 400 kg N
ha' (400-N), utilizando la variedad Granola en la regién Los
Andes, Mérida, Venezuela. En las principales fases fenologicas
del cultivo se midio el area foliar con un analizador de dosel.
El TAF presento diferencias significativas entre tratamientos
y fases fenologicas del cultivo, excepto durante la etapa de
emergencia. Los maximos valores de IAF fueron alcanzados
cerca delos 55 dias después de la emergencia, 400-N (1,42 0,16)
> 133-N (0,92+0,21) > 0-N (0,34+0,08). Se demostr6 que la
fertilizacion nitrogenada tuvo un efecto significativo sobre el
desarrollo del indice de area foliar del cultivo de papa durante
diferentes fases de fenologicas.

Palabras clave: analizador de dosel, drea foliar, variedad
granola, Solanaceae.

Introduction

Potato is one of the most important crops that contribute
to food security on a global scale, due to its high yield
per unit of cropland and time (Devaux et al., 2014). It is
also the third most consumed crop in the world, benefit-
ing more than one billion people (FAO, 2015). For those
reasons, there has been increasing interest in the study of
factors determining growth and yield of potato crop, aim-
ing to optimize management of agroecological resources
(Gliessman, 2014). In that sense, fertilization is one the most
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relevant management practices used in potato, especially
fertilization with nitrogen, which is the most important
nutrient for this species during it’s different phenological
stages (Tiemens-Hulscher et al., 2014).

Nitrogen supply also plays a determining role in the devel-
opment of different growth attributes which affect potato
yield (Gastal and Lemaire, 2002; Lemaire et al., 2008). For
instance, total biomass production depends on the amount
of photosynthetically active radiation intercepted by the
plant, which is directly proportional to its leaf area index
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(LAI) (Geremew et al., 2007; Sadras and Lemaire, 2014;
Fischer et al., 2016). Analogously, nitrogen has been shown
to influence directly on the LAI of potato, a functional trait
that has already been used in crops management (Gastal
and Lemaire, 2002; Lemaire et al., 2007; de la Casa et al.,
2011; Machado and Sarmiento, 2012). In that sense, LAI
has been considered one of the most important predictors
of plant growth and yield, as it has direct effects on dif-
ferent ecophysiological processes of several crops (Yin et
al., 2003; Sadras and Lemaire, 2014). Nevertheless, studies
that evaluate temporal variations in LAI of the potato crop
related to different nitrogen fertilization treatments on
tropical Andean areas are still scarce.

Thus, we aimed to evaluate the effect of different nitrogen
supply treatments on LAI during different phenological
stages of the potato crop. We hypothesized that the LAI
of such crop would respond proportionally to different
nitrogen fertilization treatments under severe deficit
conditions, being lower with increasing nitrogen deficit
conditions and enhancing proportionally with increasing
nitrogen fertilization.

Material and methods

Field experiments were conducted in Mérida city, Merida
state, Venezuela (8°35’30” N and 71°08°30” W, 1,920 m
a.s.l), from April through July 2004. The study area had
monthly air temperatures between 13 and 19°C. Precipita-
tion followed a tetra-seasonal regime, with a yearly mean
of 2,000 mm distributed along two light-rainfall periods
(December-March and June-August) and two heavy-
rainfall periods (April-June and September-November).
Soil had a loamy-sandy texture, 0.09% total nitrogen, 2.2
ppm available phosphorous, 1.1 meq 100 g interchangeable
potassium, and pH of 5.8. Soil profile depth was approxi-
mately 60 cm, and the surface horizon (0-27 cm) had a bulk
density of 0.94 g cm™.

The variety used was Granola, one of the most cultivated in
the region due to its high yield and consequent economic
importance. This variety has a growth cycle of 3% to 4

months until harvest. Tuber formation starts at 30 d after
emergence (DAE), and tuber filling continues until maxi-
mum leaf expansion, which takes place at approximately
60 d after sowing (Villa and Sarmiento, 2009). The crop
was considered emerged when 50% of plants were arisen.

Plots (27 m?) were established with a planting density of
4.44 plants per m” in a randomized block design with three
replicates and three treatments (Tab. 1): no nitrogen supply
(T1=0-N), 133 kg N ha" (T2 = 133-N), and 400 kg N ha"
(T3 =400-N), from all of which LAI measurements were
taken. Nitrogen was supplied by both organic fertilization
source with chicken manure (3% N) and inorganic fertiliza-
tion source with ammonium sulfate (46% N, (NH,),SO,).
Analogously, potassium sulfate (17% assimilable K,0) and
phosphate rock (25% assimilable P,O;) were applied to
all plots. A total 33.3 kg N ha' were applied in treatment
133-N and 100 kg N ha™ in treatment 400-N, both during
hilling and in the ammonium sulfate form (Tab. 1). While
sowing was performed, we also applied 100 kg ha” P,O; as
phosphate rock (400 kg ha") and 200 kg ha™ K,O as potas-
sium sulfate (476 kg ha™) to all experimental plots (Tab. 1).

LAT was determined by a non-destructive method using
a portable plant canopy analyzer (LAI-2000, LI-COR
Inc., Lincoln, NE, USA) directly in the field. Eight LAI
measurements were taken at 25, 34, 46, 50, 59, 66, 75, and
86 d after sowing (DAS). Measurements were taken from
each plot by randomly selecting plant rows but disregard-
ing the first rows on each side of the plots to avoid border
effect. On each sampling, 16 measurements were taken at
two different canopy heights: at the canopy mid region
(to estimate LAI of the upper layer) and at the canopy low
region, at the soil level (to estimate total canopy LAI), thus,
totaling 32 measurements per plot. Finally, LAI (m” m?) was
calculated for each canopy layer along crop development,
in each replicate from each treatment. Lower canopy LAI
was calculated as the difference between total canopy LAI
and upper canopy LAL

Data was statistically analyzed by one-way ANOVA and
Tukey’s multiple comparison test at the 95% confident

TABLE 1. Nitrogen (N) dose across different fertilization treatments from sources of organic (OF) and inorganic fertilization (IF) during sowing and

hilling of potato crop.

Treatment IF sowing OF hilling OFN N sowing N hilling
(kg N ha™) (kg ha™) (kg ha™") (kg ha™") (kg ha) (kg ha™") (kg ha™)
0-N 0 0 0 0 0
133-N 159 2,220 66.6 100 33.3
400-N 476 6,666 200 300 100
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level (P<0.05) using software R version 2. 3.2.4 (R Core
Team, 2016).

Results and discussion

Total and lower canopy LAI showed a very similar pattern
in all fertilization treatments, yet with statistically signifi-
cant differences (P<0.05), except at 13 DAE (Fig. 1). Maxi-
mum LAT values were obtained at approximately 55 DAE
in all treatments: 400-N (1.42+0.16) > 133-N (0.92+0.21)
> 0-N (0.34+0.08). Otherwise, LAI showed striking sig-
nificant differences (P<0.05) among phenological stages,
except between 36 and 57 DAE at treatment 0-N (Fig. 1).
Presumably, the decrease in LAT at 60 DAE was mainly due
to the onset of senescence, as previously reported to this
potato variety (Machado and Sarmiento, 2012).

In this study, we confirm that nitrogen supply is a deter-
mining factor for canopy development in potato crop,
as LAI increases with increasing nitrogen amounts in
soil. This result corroborates different studies performed
with such crop (Biemond and Vos, 1992; Alba et al., 2002;
Machado and Sarmiento, 2012). Furthermore, the impor-
tance of LAI as a functional trait is further enhanced by the
strong relationship it has with the amount of solar radiation
intercepted by plants (De la Casa et al., 2011; Machado and
Sarmiento, 2012), such interception being, to date, one of
the most studied ecophysiological processes in crop plants
(Gastal and Lemaire, 2002).

We obtained LAI values much lower than those reported
to the same variety by Machado and Sarmiento (2012), who
used a lower dose of nitrogen fertilization (250 kg N ha™),
yet we found the same developmental pattern reported by
those authors, with highest leaf expansion being observed at
approximately 55 DAE. The authors also demonstrated how
nitrogen fertilization, from an agroecological perspective,
affects LAT development, by detecting significant differ-
ences among treatments with inorganic fertilization (LAI=
2.0) and with combined fertilization from both organic and
inorganic sources (LAI values of 2.5 and 2.8, respectively).
Moreover, Haverkort et al. (1991) studied the relationship
between cover, LAI and intercepted solar radiation along
potato crop development throughout consecutive harvests,
and found LAI values higher than 3 in crops with a 100%
cover. The low LAI values observed in this study, even at
the treatment with highest fertilizer supply, enabled us to
presume that there may be other environmental factors
influencing crop growth.
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FIGURE 1. Leaf area index (LAl) of potato crop along the days after emer-
gence (DAE) at different fertilization treatments: 0 kg N ha™ (a), 133
kg N ha' (b), and 400 kg N ha (c). Large parabolas represent total
LAl (#) while small parabolas represent lower canopy LAl (m, lower
half) fit to third-degree polynomials (means+SD, n=3). Parabolas were
obtained using polynomial equations with parameters and correlation
coefficients.

De la Casa et al. (2007), however, evaluated the use of LAI
and soil cover as alternative measurements of canopy devel-
opment in the potato crop aiming to estimate the fraction
of intercepted radiation by establishing two plant density
treatments: commercial density (CD = 6.0+0.6 plants/m?)
and low density (LD = 3.9+0.2 plants/m?). The authors
found contrasting values between treatments (LAI-CD =
4.5; LAI-LD = 2.9) at approximately 40 DAE. Later on, in
another study conducted at the same region and with the
same potato variety, De la Casa et al. (2011) evaluated the
effect of plant density on LAI, with the following treat-
ments of density of emerged stems: double density (DD
= 17 stems/m?), commercial density (CD = 11 stems/m?),
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and low density (LD = 6 stems/m?). The authors observed
that until approximately half the cycle (50 DAE) the LAI
is higher at double density (LAI-DD: 4.47), intermediary
at commercial density (LAI-CD: 4.19), and lowest at low
density (LAI-LD: 3.54). All these results indicate there is
high LAT variability in response to nitrogen supply and
crop management. Thus, it is fundamental to comprehend
LAI dynamics to enhance the efficiency in nitrogen use
and increase yield.

Our results showed that LAI values along potato crop de-
velopment at different fertilization treatments showed an
even distribution across the canopy layers. The highest LAI
values were found in the upper canopy (Fig. 1). LAIin such
layer was highest at the treatment with the highest nitrogen
supply (400-N), while in the lower canopy differences were
not so contrasting among treatments. Several researchers
have stated that uneven LAI distribution across canopy lay-
ers is a common pattern observed in different plant species.
The fact that LAI distribution in potato crop canopy was
uneven probably represents a strategy to maximize carbon
assimilation (Gastal and Lemaire, 2002; Yin et al., 2003).

Conclusions

Nitrogen supply had a significant effect on LAI of the po-
tato crop across different phenological stages, maximum
values being reached at approximately 55 DAE at the dif-
ferent treatments. Striking differences were found among
phenological stages, except between 36 and 57 DAE at treat-
ments with no nitrogen supply. LAI distribution between
the upper and lower canopy layers in response to nitrogen
tertilization treatments was uneven.
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