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Abstract

Using the reasoned nitrogen (N) fertilization method in potato crops (Solanum tuberosum L.) requires the vali-
dation of its parameters under the probable conditions of crop response. A field experiment in an Andisol was 
established to assess the parameters of this method and the nitrogen utilization efficiency of the crop. To describe 
the crop N response, five statistical models were used. Dry matter production and nutrient concentration were 
measured in tubers, leaves, fruits and roots. At both the beginning and the end of the experiment soil samples 
were collected to evaluate the mineral N. The quadratic-potential model was the most appropriate to describe 
the positive response of the potato crop to available nitrogen, from an initial level of nitrogen (the control, zero 
application ) to a maximum application of 200 kg N ha-1. The relationship between the N doses and the potato 
yield reached a physical optimal of productivity at a rate of 228 kg N ha-1. Higher rates (300 kg N ha-1) resulted 
in a decrease in yield, generating phytotoxicity for cultivation. This variation allowed us to evaluate the reasoned 
application method under different nitrogen availabilities (deficiency, optimal and above-optimal) in addition to 
the variation of the parameters generated.
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1. Introduction

Reasoned fertilization method aim to evaluate the 
fertilization needs of a crop based on the estimation 
of parameters that determine the three subcompo-
nents of a predictive fertilization model (Rodríguez 
et al, 2001; Pinochet, 2005), including: crops’  re-

quirements (demand), the soil is capacity to supply 
a certain nutrient to a crop (supply) and the crop’s 
capacity to absorb the nutrients applied through fer-
tilization in a particular agro-ecosystem (fertiliza-
tion efficiency).  The  parameters  and  coefficients
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required to define these subcomponents are the result 
of experimentation in an agro-ecosystem under opti-
mum nutritional conditions (potential fertility with ra-
tional basis that considerate the integration of the soil 
properties) that are generally deficient only in relation 
to the supply of the evaluated nutrient. (Giletto et al., 
2003; Moral and Rebolledo, 2017). These should be 
characteristic of the crop and/or agro-ecosystem and 
through a diagnostic method a nutrient dose is then es-
tablished for successful cultivation in the agricultural 
ecosystem. These parameters must then be validated 
through field-testing (Rodríguez et al., 2001). Thus, 
the key to this methodology is the determination of 
the characteristic parameters of crops (total dry mat-
ter, harvest moisture, harvest index and internal N re-
quirement), agro-ecosystems (precipitation and tem-
perature) and fertilization technologies (N levels) that 
could then form the basis that would allow us to apply 
this methodology to other agricultural systems.
Nitrogen (N) is a primary nutrient, which, due to its 
limited availability to crops, presents itself as a limit-
ing factor for the growth and development of plants in 
diverse agricultural ecosystems (Kraiser et al, 2011). N 
is absorbed from the soil solution and is used for vari-
ous metabolic purposes, including the production of 
nucleic acids, protein formation and cofactors. It forms 
part of chlorophyll and is one of the primary compo-
nents required for photosynthesis, as well as its role in 
signaling molecules and storage (Tisdale et al, 1993; 
McAllister et al., 2012). When the supply is deficient, 
fertilization is required to increase the N available at 
the level required by the crop (Rodríguez et al., 2001). 
A large part of the N added as fertilizer is lost to the 
environment through pathways to the air and the water 
subsurface and surfaces. It is generally accepted that 
crops recover, on average, between 40% and 60% of 
the fertilizer applied (Tyler et al., 1983); the rest of the 
applied fertilizer has proven to be lost in runoff, leach-
ing of nitrates and nitrogen sources, denitrification into 

N2 gaseous or N oxides, immobilization by bacterial 
competition and volatilization of ammonia (NH3) in 
ammonia fertilizers (Garnett et al., 2009). Therefore, 
to develop effective nitrogen fertilization strategies 
it is essential to know the soil properties and fertil-
ity in addition to the N requirements, N uptake and 
N use efficiency of any given crop (Montemurro et 
al., 2006). To properly estimate the efficiency of use, 
recovery of applied fertilizer should be considered. 
Nitrogen losses of 20% to immobilization and 15% to 
denitrification are accepted; which suggests that the 
efficiency of nitrogen fertilization is usually less than 
65% (Rodríguez et al., 2001).
Improving nitrogen use efficiency is especially im-
portant for potato crops because of their relatively 
low ability to take up available soil mineral nitrogen 
(Goffart et al., 2008). Furthermore, it is important to 
investigate the potato nitrogen uptake efficiency and 
risks of N fertilizer application before and at planting, 
considering the efficacy of these timing strategies in 
minimizing N losses (Rens et al., 2015). Therefore, 
we propose that it is necessary to validate the param-
eters for the reasoned fertilization of potato crops (So-
lanum tuberosum L.) under the dryland conditions of 
the Valdivia agro-ecosystem.

2. Materials and Methods

The field trial was conducted at the Austral Experi-
mental Station (39° 47’S and 73° 14’O), which be-
longs to the Universidad Austral de Chile, Faculty of 
Agricultural Sciences located four kilometers north 
of the city of Valdivia. The Valdivia soil series is 
classified as a Duric Hapludand (Luzio and Casa-
nova, 2006), known locally as Trumao, which is de-
rived from volcanic ash on marine deposits (IREN-
UACH, 1978). During the growing season, the aver-
age temperature varied between 9.8 and 17.2°C and 
monthly rainfall varied between 24.2 and 124.1 mm. 
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Therefore, the reasoned fertilization method was 
evaluated under the temperate rainy conditions of the 

Valdivia agroecosystem. Analyses of the site’s chemi-
cal parameters are shown in Table 1.

Table 1. Complete chemical analyses of soil.

Soil characteristics 
Soil levels 

Season 1 Season 2 

pH  ( 1:2.5 ) water 4.9 5.5 

Organic matter (g 100 g-1) 14.3  13.1 

Mineral N (mg N kg-1) 29.4  4.7 

Olsen available phosphorus (mg kg-1) 12.0  5.7 

Exchangeable potassium (mg kg-1) 116  88 

Exchangeable sodium (cmolc kg-1) 0.06  0.21 

Exchangeable calcium (cmolc kg-1) 0.43  0.98 

Exchangeable magnesium (cmolc kg-1) 0.15  0.29 

Sum of exchangeable bases (cmolc kg-1) 0.94  1.58 

Exchangeable aluminum (cmolc kg-1) 0.49  0.12 

Aluminum saturation (mg kg-1) 34.5  7.05 

 

The potato seeds used in this study were of the geno-
type Desiree, current type, semi-late variety with a 
cultivation duration of 150-160 days, in the same field 
as described by IVRO-Wageningen (1964) (Contreras 
and Fuentealba, 1975). The crop was established on 
October 22, 1998. The experimental design consisted 
of randomized complete blocks with three repetitions. 
Each plot size was 5.8 m2. In each plot 36 tubers 

were arranged with a distance on-row of 30 cm and 
between-row of 80 cm.
To determine the concentration of the crops nutrients, 
samples were collected by randomly extracting two 
plants from each plot (135 days after planting). The 
samples were separated into leaves, seeds, roots, and 
tubers; they were then stored in plastic bags for lat-
er weighing and drying. Once dry, the samples were 
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chopped (leaves and seed) and milled (roots and tu-
bers) separately. Total N concentrations were measured 
using the Kjeldahl-wet digestion method in addition to 
subsequent distillations (Sadzawka et al., 2006).
At crop establishment and harvest (150 days after 
planting), soil samples were collected from a depth of 
20 cm, considering an area of 80 cm2, to include the 
soil in the rows between and above the central row. 
These samples were used to determine the N mineral 
concentration in the soil (NO3 and NH4) using the 
steam drag and subsequent titration method (Sadza-
wka et al., 2006).
The fertilization rate applied of P2O5 and K2O were 
200 and 100 kg ha-1, respectively. Doses above the 
crop’s requirements were applied to avoid condi-
tions that could limit plant growth, considering the 
initial values determined in the soil analysis prior to 
crop establishment. Also, through this soil analysis, 
a Magnesium deficiency was found, which was cor-
rected with the amounts of Magnesium included in 
the potassium fertilizer.
For the nitrogen fertilization rate, 0-50-100-150-200 
and 300 kg ha-1 were applied with three replicates 
per treatment in randomized complete design blocks. 
The fertilizers used in the trials were nitrodoble 
(27% N), triple superphosphate (46% P2O5) and sul-
pomag (22% K2O; 18% MgO). It was not necessary 
to correct the aluminum saturation of the soil be-
cause the potato crop is highly tolerant to aluminum 
saturation (20-30%) and a low pH (4.9) (Rodríguez 
et al., 2001).
Fertilization of the potato crop in the Valdivia agro-
ecosystem was evaluated considering the nutrient 
demand of the crop, the supply of nutrients in the 
soil and the fertilization efficiency (Rodríguez et al., 
2001) using the following equation (Equation 1):

𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷 = 𝐶𝐶𝐶𝐶𝐷𝐷𝐶𝐶 𝑁𝑁𝑢𝑢𝑢𝑢𝐶𝐶𝑢𝑢𝐷𝐷𝑢𝑢𝑢𝑢 𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝐷𝑢𝑢𝐷𝐷 − 𝑆𝑆𝐷𝐷𝑢𝑢𝑆𝑆 𝑁𝑁𝑢𝑢𝑢𝑢𝐶𝐶𝑢𝑢𝐷𝐷𝑢𝑢𝑢𝑢 𝑆𝑆𝑢𝑢𝐶𝐶𝐶𝐶𝑆𝑆𝑢𝑢
𝐹𝐹𝐷𝐷𝐶𝐶𝑢𝑢𝑢𝑢𝑆𝑆𝑢𝑢𝐹𝐹𝐷𝐷𝐶𝐶 𝐸𝐸𝐸𝐸𝐸𝐸𝑢𝑢𝐸𝐸𝑢𝑢𝐷𝐷𝑢𝑢𝐸𝐸𝑢𝑢  

            

This equation allowed for the analysis of the ef-
ficiency of N use in function of the N applied as 
fertilizer, through the optimal dose that reached 
maximum crop yield under dryland conditions. 
For this, we evaluated the parameters of the Har-
vest Index (HI), which indicates the proportion 
of all harvested dry matter produced (kg tubers 
kg-1 MS tubers plus foliage), the tubers harvest 
moisture (HM) expressed in %, and the Internal 
N Requirement (INR), which corresponds to the 
optimum minimum concentration of nutrients per 
unit of dry matter produced and is measured at 
the time of the crop harvest (kg N kg-1 MS tubers 
more aerial part, expressed as a percentage). “The 
N extraction index (NEI) of the tubers was also 
determined; this represents the extraction of N 
from the field when there is complete residue re-
cycling. In this study, the measure was performed 
at 135 days after planting.
The parameters HI, %N, %MS, yield, N uptake, etc. 
were further validated for the potato crop by measur-
ing the same crop variables throughout a second sea-
son in the same dryland conditions. Two potato vari-
eties and three levels of N fertilization were utilized; 
0-80-140 kg ha-1 were applied to the Atica variety and 
0-120-200 kg ha-1 to the Desiree variety. The fertiliza-
tion rate applied of P2O5 and K2O was 400 and 300 kg 
ha-1, respectively. Diseases, insects and weeds were 
prevented or controlled by spraying recommended 
biocides as required.
The N use efficiency of the crop (kg of N absorbed by 
plants in relation to kg of N mineral available in the 
soil) was determined by fitting the data to five statisti-
cal models to determine which one best described the 
relationship between N applied and tuber yield. The 
best fitting data that describes the N efficiency of the 
potato crop is reflected by equation 2.
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Quadratic-Potential Model 

𝑌𝑌 =  𝑎𝑎 +  𝑏𝑏𝑋𝑋1.08–  𝑐𝑐(𝑋𝑋1.08)2             Equation 2

Quadratic Model 

𝑌𝑌 = 𝑎𝑎 + 𝑏𝑏𝑋𝑋 + 𝑐𝑐𝑋𝑋2 

 

                                 Equation 3

Exponential Model 

𝑌𝑌 = 𝑎𝑎 + 𝑏𝑏 exp(𝑐𝑐𝑐𝑐)                    Equation 4
Square Roots Model

𝑌𝑌 = 𝑎𝑎 + 𝑏𝑏𝑋𝑋1/2 + 𝑐𝑐𝑋𝑋 

 

 

          Equation 5

Linear-Plateau Model

𝑌𝑌1 =  𝑎𝑎1 +  𝑏𝑏1𝑋𝑋 

𝑌𝑌𝑎𝑎𝑌𝑌𝑋𝑋0 = 𝑏𝑏1𝑋𝑋0 + 𝑎𝑎1 

𝑌𝑌2 = 𝑌𝑌𝑎𝑎𝑌𝑌𝑋𝑋0 + 𝑏𝑏2(𝑋𝑋 − 𝑋𝑋0) 

𝑌𝑌 = 𝐼𝐼𝐼𝐼(𝑋𝑋 < 𝑋𝑋𝑋𝑋, 𝑌𝑌1, 𝑌𝑌2) 

   

                                                                  Equation 6

Where Y is the tuber yield (Mg ha-1), X the fertilization 
rate applied (kg N ha-1), a (intercept), b (linear coef-
ficient), and c (coefficient of the equation) are param-
eters estimated in the regression analysis. 
By creating a balance between the N contents of the 
soil and the N absorbed by the crop an estimate of the 
mineralized N can be obtained:

𝑁𝑁𝑁𝑁 =  𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 +  𝑁𝑁𝑁𝑁𝑁𝑁 − 𝑁𝑁𝑁𝑁𝑁𝑁   Equation 7

Where Nm is the mineralized N (kg ha-1), Nabs is the 
N absorbed by the crop (kg ha-1), Nmf is the mineral 
N present at harvest (kg ha-1) and Nmi is the N mineral 
present at planting (kg ha-1).

2.1. Statistical analysis

The standard deviation of the returns obtained was 
adjusted using the average coefficient of variation to 
reduce variability, excluding yields higher than the 
average achieved during harvest. On the other hand, 
the optimum rates were calculated by deriving the 
equation determined in each statistical model. In the 
square roots model, the maximum yield (ymax) was 
adjusted to 95% by establishing a constant value for a 
and b. Regression analyses were performed using the 
statistical program GraphPad Prism 5.0. Analyses of 
variance were performed with Statistica 2.0 and Stat-
graphics software 7.

3. Results

From the initial native N (29 ppm N mineral), the 
variation in the supply of N showed the conditions 
of crop growth under three different N availabili-
ties in the soil: N deficiency (rates from 0 to 150 kg 
N ha-1), optimum N, achieved with the addition of 
200 kg N ha-1 (Table 2), and a supra-optimal condi-
tion in which 300 kg N ha-1 were added, where the 
yield of commercial tubers decreased by 21.6% re-
garding the maximum yield obtained with a N dose 
of 200 kg ha-1. Therefore, under supra-optimal con-
ditions a negative response to nitrogen fertilization 
was observed (Figure 1a).
The growth conditions (deficiency, optimum and 
supra-optimal) found in the potato crops allowed 
us to assess the variation of the parameters used 
for the reasoned fertilization method, such as tuber 
HM and crop HI (Table 2). The variation of the of 
dry matter (DM) content when applying increasing 
levels of N was present in the foliage, seeds and 
roots (Table 4), which was, on average 12.7, 9.3 
and  17.6 %  DM,  respectively. 
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Figure 1. Relations between nitrogen absorption and production of potato tubers, applied nitrogen rate and 
nitrogen absorption, and rate applied and the production of tubers. 
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Table 2. Yields, tubers Harvest Moisture (HM) and Harvest Index (HI), according to treatments.

These parameters showed no significant variation 
with the level of N fertility. Thus, the HM was on 
average 80.2%, varying by 1% between rates of N 
fertilization. The HI was 0.73 on average, varying 
by 15% among treatments, this is attributable to 
high standard error values, possibly due to a great-
er variation in the size of the tubers in accordance 
with the level of 150 kg N ha-1.
These non-significant variations in the evaluated 
parameters supported the need to evaluate these 
results during a second season under dryland con-
ditions. After this second assessment, the same 
parameters proved to remain relatively constant 
when evaluated under different N levels, validat-
ing the previously determined reasoned N fertiliza-
tion in potato crops (Table 3). 

The same situation was determined for the con-
centration of N in the tubers (Figure 1b), with an 
average value of 1.3% and 1.4%. Also, a non-sig-
nificant variation was found among N fertilization 
treatments in INR (Table 6). 
The concentration of N in foliage and roots showed 
a change of 67% and 47%, respectively, depend-
ing on the N rate applied. Moreover, the extracted 
nitrogen (kg N absorbed ha-1) for tubers and foli-
age increased with an increasing N supply until an 
optimal rate of 200 kg N ha-1, after which the N 
uptake declined by 9% in tubers and 10% in foli-
age (P < 0.05) with a maximum level of 300 kg N 
ha-1 (Table 5).

Mg ha-1 yield Crop parameters 

Treatments Commercial tubers Cull tubers Total HM (%) HI 

0 13.41  14.2 c 4.66  8.3   b 18.07  6.8   b 80.2  0.8 a 0.69  0.03 a 

50 16.64  20.4 bc 8.93  13.6 a 25.57  29.1 ab 80.0  2.1 a 0.67  0.09 a 

100 20.12  33.3 abc 9.14  9.2   a 29.27  24.2 a 80.6  0.9 a 0.77  0.06 a 

150 24.63  52.2 ab 9.17  11.8 a 33.79  62.2 a 80.6  1.2 a 0.73  0.13 a 

200 30.85   8.0  a 5.97  7.9  ab 36.82  2.1   a 79.8  1.9 a 0.74  0.05 a 

300 24.16  31.4 ab 10.06  29.0 a 34.21  52.6 a 79.9  1.5 a 0.79  0.06 a 

 
Different letters in the columns indicate significant differences (P<0.05; Tukey)
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Table 3. Yield, Harvest Index (HI), N concentration in tubers, N uptake and N extraction according to treatments, 
evaluated in a second season of potato cultivation.

 Crop parameters of season 2   

 
Treatment 

Yield  

(Mg ha-1) 
HI % N in tubers 

N uptake tubers  

(kg ha-1) 

N uptake total  

(kg ha-1) 

N extraction  

(kg ha-1) 

Atica 0 18.6  1.7 a 0.88  0.02 a 1.0  0.1 a 37.1  0.7 a 44.2  0.4 a 44.1  0.2 a 

80 21.4  2.4 a 0.88  0.02 a 0.9  0.2 a 38.1  13.2 a 47.3  12.5 a 52.1  7.2 a 

140 18.9  2.2 a 0.85  0.01 a 0.9  0.3 a 33.0  15.8 a 46.2  20.4 a 52.5  12.0 a 

Desiree 0 24.9  1.5 a 0.85  0.01 a 0.8  0.1 a 40.2  4.1 a 56.3  2.7 a 56.2  2.6 a 

120 32.4  3.3 a 0.87  0.01 a 0.8  0.0 a 51.5  4.8 a 69.5  4.7 a 69.4  4.7 a 

200 29.4  6.1 a 0.85  0.02 a 1.0  0.0 a 56.9 10.0 a 74.4  12.2 a 74.3  12.0 a 

 
Different letters in the columns indicate significant differences (P<0.05; Tukey)

Table 4. Dry matter content and N concentration in foliage, seeds and roots by treatments.

 Foliage Seeds Roots 

Treatment % DM % N % DM % N % DM % N 

0 12.8  0.9 a 1.9 ab 9.9  2.0 a 2.5 a 17.7  2.6 a 1.0 c 

50 13.0  0.8 a 1.0 b 8.5  0.6 a 2.1 a 16.6  2.7 a 1.0 bc 

100 13.0  0.9 a 0.9 b 9.5  1.8 a 2.4 a 17.4  2.2 a 1.2 abc 

150 12.6  0.8 a 1.0 b 9.5  1.1 a 2.4 a 18.4  2.8 a 1.4 abc 

200 12.3  0.8 a 1.8 ab 9.1  2.0 a 2.4 a 18.9  2.8 a 1.7 a 

300 12.4  1.1 a 2.7 a 9.2  1.6 a 2.6 a 17.0  2.0 a 1.5 ab 

 

Different letters in the columns indicate significant differences (P <0.05; Tukey)
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Table 5. Nitrogen extracted by tubers, foliage and seeds in each treatment.

Kg N uptake ha-1 

Treatment Tubers Foliage Seeds Total 

0 49.5 24.4 8.5 82.5  10.5 b 

50 72.4 29.0 11.8 113.2  25.9 ab 

100 77.8 21.7 7.3 106.7    8.6 ab 

150 86.4 32.9 9.3 128.7  15.6 a 

200 98.8 43.3 7.8 149.9  14.6 a 

300 89.3 38.8 7.4 135.5  21.6 a 

 
Different letters in the columns indicate significant differences (P <0.05; Tukey)

Table 6. Internal Nitrogen Requirement (INR), Values of Nitrogen Extraction Index (NEI) and Residual mineral 
nitrogen in the soil post-harvest, considering the estimated recovery efficiency of nitrogen fertilizer for the potato 
crops of each treatment.

Treatment INR 
(g 100 g-1) 

NEI 
(g 100 g-1) 

Residual N 
(mg kg-1) 

Efficiency  
(g 100 g-1) 

0 1.6 ± 0.10 a 60.2 ± 0.96  a 39.2 ± 5.01 d 0 

50 1.5 ± 0.03 a 65.2 ± 8.44  a 43.9 ± 7.70 d 59.9 

100 1.5 ± 0.10 a 72.9 ± 6.37   a 84.0 ± 19.44 cd 34.3 

150 1.4 ± 0.14 a 64.9 ± 13.94 a 109.0 ± 43.12 bc 30.9 

200 1.5 ± 0.09 a 65.7 ± 5.14   a 148.6 ± 14.04 ab 29.3 

300 1.6 ± 0.19 a 66.1 ± 6.55   a 186.2 ± 14.58 a 15.4 

 

Different letters in the columns indicate significant differences (P<0.05; Tukey)
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The Nitrogen Extraction Index (NEI) showed no 
significant differences, where the average value was 
66.5% of the total N uptake, presenting a variation 
between 60 and 73% among treatments. A close re-
lationship between the N applied and the residual N 
from fertilizer applications was observed in the post-
harvest soil samplings. Higher rates of N fertiliza-
tion increased the amount of mineral N remaining 
by 21.5% from the initial mineral N found in the soil 
(control) to the maximum rate applied, 300 kg N ha-1 
(Table 6). This relationship was described by a linear 
equation (R2=0.97; data not shown):

 

𝑌𝑌 =  30.78 +  0.5327𝑋𝑋         Equation 8

According to balance between the N contents of the 
soil and the N absorbed by the crop (Figure 1), it can 
be assumed that for this test the soil mineralized, on 
average, an equivalent of 140 kg N ha-1 of which the 
unfertilized crop would have been able to recover 67%.

3.1 Nitrogen recovery efficiency

The yield response to an increasing supply of N var-
ied among the five models used. Table 7 presents an 
appropriate adjustment to describe this variation, ex-
plaining a large proportion of this variability through 
the coefficient of determination with R2 values > 0.90. 
However, the optimal rate determined by each fertil-
ization model showed a 14% variation among models.
For this study, the quadratic-potential model ad-
equately represents the concept of crop response to 
N fertilization with a degree of correlation R2 = 0.96, 
described by the following equation:

         Equation 9

The relationship between the N doses and the potato 
yield reached a physical optimal of productivity at a 
rate of 228 kg N ha-1 (Figure 1a).

Table 7. Optimal rate of nitrogen (kg N ha-1) calculated for five statistical models for total yield (Mg ha-1) of the crop.

Model Optimal Dose Yield Sy.x R2 

Quadratic-Potential 228 36.49 1.39 0.9611 

Quadratic 230 36.16 1.41 0.9597 

Linear-Plateau 180 37.33 1.52 0.9566 

Exponential 130 32.25 1.87 0.9294 

Square roots 322 34.98 2.15 0.9034 

 
Sy.x: standard deviation equation; r2: coefficient of determination.
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4. Discussion

The internal N concentration of crop organs remained 
relatively constant (no significant differences, P > 
0.05) regardless of whether there was deficient, opti-
mal or supra-optimal N available; hence, the variation 
in crop uptake proved to depend on the utilization effi-
ciency of the crop to develop biomass with an increas-
ing supply of N. Therefore, the increase in total tuber 
yield due to higher N applications in deficient and 
optimal N situations was due to greater crop biomass 
development, generating more synthesis and translo-
cation of photosynthates from the foliage to the tubers 
(Kumar et al., 2007). On the contrary, supra-optimal 
N availability conditions have proven to cause a de-
crease in potato crop yields (Pérez et al., 2008; Mo-
rales et al., 2013) and may also have detrimental ef-
fects on tuber quality and the environment (Goffart 
et al., 2011; Khan et al., 2014). This suggests that 
the plant cannot dilute such excessive N concentra-
tions appropriately in terms of shape and proportion 
throughout its dry matter. In this case, we observed a 
decrease in the absorption of N with a maximum rate 
of 300 kg N ha-1 (although the difference was not sta-
tistically significant, P > 0.05), coinciding with a de-
cline in tuber yield caused by an initial phytotoxicity. 
This rate of N application handicapped the emergence 
and further development of plant (Fontes et al., 2010). 
A crop is total dry matter production and kg of N ab-
sorbed can be used to calculate the internal nitrogen 
requirement for that crop (Ojala et al., 1990; Sun et 
al., 2012). The slight variation (no significant dif-
ferences, P > 0.05) of the internal N concentrations 
found in this work allows us to use the parameters of 
internal requirement in different situations of N avail-
ability and generate recommendations to calculate an 
effective amount of nitrogen fertilization for the pota-
to crop (Gayler et al., 2002; Perez et al., 2008). Also, 
the significant non-variation of the NEI may be be-

cause tubers’ objective is to accumulate carbohydrates 
and, to a lesser extent, proteins that are nitrogen-rich 
(Snapp et al., 2004).
Generally, the potato crop presents a relatively low 
ability to take up available soil mineral nitrogen 
(Goffart et al., 2008). Also, the fact that the NEI of 
tubers represents the extraction of N from the field 
when there is a complete recycling of waste suggests 
that previous soil management has a clear effect on 
the contribution of N to current potato crops (INIA, 
2002). Clearly the increased residual N, along with 
the increasing rate of N applied to each crop, allow us 
to visualize the possibility of a supra-optimal nitrogen 
fertilization condition or an accumulation of residual 
mineral nitrogen that may be contaminating the en-
vironment (Sharifi et al., 2007). Also, N mineralized 
from sources organic of soil could be more relevant 
than the type of fertilizer applied in the Nitrogen 
availiabiity in an Andisol during season growing of 
the crop, being a determining factor to consider in fer-
tilizer strategies in southern Chilean Agroecosystems 
to avoid N losses (Martínez-Lagos et al., 2015).
When an agro-ecosystem undergoes a water deficit, 
crop yield increases when it has higher total available 
soil nitrogen, but the yield response diminishes as the 
amount of total seasonal water decreases (Ojala et al. 
1990). Therefore, although nitrogen fertilization does 
not affect the moisture content of the crop tubers or 
foliage (Pérez et al, 2008), adequate water availabil-
ity is essential for the proper development of potatoes 
in an agro-ecosystem. Small variations of the evalu-
ated productive parameters (HM and HI) did arise in 
the dryland conditions of the agro-ecosystem where 
this study was carried out. Other studies have shown 
that such parameters vary, increasing or decreasing 
their values in relation to the absorption capacity of 
N an increasing rates supplies with changing of agro-
ecosystem used (Vos, 1997; Jamaati-e-Somarin et al., 
2010; Kołodziejczyk, 2014).



801       Reasoned fertilization of potato in response Pinochet  et al

Journal of Soil Science and Plant Nutrition, 2018, 18 (3), 790-803

4.1. Reasoned fertilization and crop N response

The optimal rate variation among models is mainly 
due to statistical function that describes the yield re-
sponse; this most likely overestimates or underesti-
mates the physical optimum rate of N fertilization. In 
this sense, Cerratto and Blackmer (1990) concluded, 
after comparing models to describe the yield response 
to N fertilization in corn that the linear-plateau model 
tends to overestimate the yield in the response curve 
close to the optimum level of N. This is consistent 
with the nature of this model, which has an abrupt dis-
continuity, which is difficult to biologically justify, re-
sulting in the identification of an optimal N level that 
was too low. Moreover, the exponential model tended 
to underestimate yield at the rates of fertilization it 
identified as optimum, whereas the square root model 
either underestimated or overestimated yield at rates 
of N fertilization greater than the optimum N rate 
(Belanger et al., 2000). Thus, it has been shown that 
the model of square roots underestimates the yield 
response, projecting optimum rates higher (709 kg 
ha-1) than the quadratic model, which tends to over-
estimate the level of N and predicts a rapid decline 
in yield when the fertilizer applied is greater than the 
optimum rate. It has therefore been concluded that the 
quadratic-plateau model best represents the relation-
ship between the N level and yield in the cultivation 
of corn, producing more rational results from an agri-
cultural point of view (Cerratto and Blackmer, 1990; 
Pagani et al., 2008).
For potato crops, Belanger et al. (2000) evaluated 
and compared three statistical models (quadratic, 
exponential and square root) and concluded that the 
quadratic model is best suited to describe the yield 
response of potatoes to N fertilizer, presenting less bi-
ased data. Thus, Fontes et al. (2010) used a quadratic 

model to represent the relationship between the ap-
plied dose of N and the N absorbed by potato crops. 
For this reason, the data in this study was adjusted 
with a quadratic-potential best model describing the 
best relationship between the N supply and the potato 
crop yield in an Andisol.

4.2. Nitrogen recovery efficiency

Kołodziejczyk (2014) determined that each increase 
in the rate of nitrogen fertilization caused a decrease 
in the N use efficiency, corroborating the data deter-
mined in this study. Although the rate of 300 kg N ha-1 
turned out to be excessive, apparently toxicity caused 
by the excess of the initial N inhibited its subsequent 
absorption, causing the crop to eventually absorb less 
N and produce fewer tubers. It is likely that this effect 
altered the relationship of the standard curve observed 
in other crops once they reached their maximum yield; 
absorption can increase without increasing production 
(luxury consumption).

5. Conclusions

Three N availability situations were established (defi-
cient, optimal and supra-optimal), where the behavior 
of the evaluated parameters allowed us to estimate 
when the N use efficiency of potato crops decreased 
due to excess fertilization, causing excessive increases 
in the residual N in an Andisol. Thus, the information 
obtained with this methodology is useful for planning 
the nitrogen fertilization of a soil since it aids in es-
timating the N extractions, losses and incomes to a 
system in relation to the crop and its expected yield, 
allowing us to determine an optimal fertilization rate 
for potato crops in a given agro-ecosystem.
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