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ABSTRACT 

AquaCrop model estimates the crop productivity decrease in response to water stress, determining the biomass (B) 
based on water productivity (WP) and accumulated transpiration (ΣTr); and the yield (Y) is calculated according to B 
and the harvest index (HI). AquaCrop was evaluated considering different WP values for 2010 late growing season to 
simulate crop yield of potato (Solanum tuberosum L.) cv. Spunta, in a commercial production field of 9 ha located in 
the green belt of Cordoba city (31˚30'S, 64˚08'W, 402 m asl), while monitoring in 2009 was used to verify the model. 
Canopy cover estimation by AquaCrop was adjusted using observed field data obtained from vertical digital photo- 
graphs acquired at 2.5 m height. WP values of 15.8 and 31.6 (for C3 and C4 species, respectively) and two intermediate 
values 21 and 26.3 g·m−2 were considered to evaluate the model performance. While linear function between observed 
tuber yields and estimated by AquaCrop had always a correlation coefficient greater than 0.94 (p < 0.001), using WP = 
26.3 and WP =31.6 g·m−2 presented overestimation, whereas with 15.8 g·m−2 had an opposite behavior, while WP = 21 
g·m−2 was the value that produced the lowest estimation error. In addition, soil moisture from this estimated value of 
WP was highly correlated with measured water content in different areas of production field. The verification test 
shows that while the model slightly underestimates canopy cover, biomass was overestimated. After setting the coeffi- 
cients of canopy cover development, the AquaCrop crop model estimated adequately potato yield for high production 
values that are less affected by lack of water, but in both years showed a tendency to overestimate the lowest yields, as 
was observed for other crops. Meanwhile, the dispersion between the observed and estimated yield was higher in the 
verification test because the sampling this year was more random. 
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1. Introduction 

Cordoba Province is currently the major potato (Solanum 
tuberosum L.) producing region of Argentina, and the 
green belt (gb) of Cordoba city has the largest growing 
area nationally [1]. Spunta is the more important cultivar 
used, of Dutch origin and intermediate cycle, with two 
growing seasons in Córdoba: from August to December 
(semi-early) and from February to June (late) [2], with ir- 
rigated and rainfed yields ranging from 20 to 22 Mg·ha−1 
and from 15 to 17 Mg·ha−1, respectively. According to 
estimates made in different regions of Argentina, there is 
a considerable difference between current and potential 
potato yields [3], so there are many possibilities to re- 
duce this productive gap insofar that the limitations will 
be overcome [4].  

The potato crop in the gb of Cordoba is produced by 

applying traditional agricultural practices, without con- 
sidering productivity heterogeneity within each field, de- 
spite the technological advances that made possible the 
precision agriculture (PA). This technique consists in 
making agronomic practices according to the particular 
requirements of each sector of the field, tending to use 
the inputs in a rational way, as well as specific recom- 
mendations available at the site level [5]. Despite the 
economic importance of potato crop in the region, there 
is insufficient information about the PA linked to its pro- 
duction, even in basic issues such as yield spatial vari- 
ability [6]. 

Integrating crop simulation models with the producer 
experience and PA tools, can facilitate the development 
of strategies for use and management practices adjusted 
to the condition of each sector in the field and, particu- 
larly in those sites with greater restrictions [7]. Producer 
skill and knowledge of spatial data contribute to identi- *Corresponding author. 
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fying areas of the field, to address soil sampling. From 
this information, models can be applied to estimate crop 
yield potential and determine the particular restrictions to 
achieve that potential. 

The PA implementation in potato crop, first requires to 
know the spatial variability, of both productivity as well 
as properties and processes responsible of yield. By mak- 
ing such assessment directly in a farm, it is possible not 
only understand broadly the productive variability, but 
also diagnose the current production situation and the po- 
tential deterioration of the environment faced by the pro- 
ductive sector of the cropped area around Cordoba city. 

AquaCrop Model 

AquaCrop crop model is based on FAO method that es- 
timates crop productivity decrease in response to water 
stress [8]. AquaCrop has the following characteristics [9]: 
1) distinguish evapotranspiration (ET) between crop tran- 
spiration (Tr) and soil evaporation (E), 2) considers a 
simple model of growth and senescence of canopy cover 
as basis for estimating Tr and to separate it from E, 3) 
considers that the yield obtained (Y) is a function of bio- 
mass (B) and the harvest index (HI), and 4) water stress 
is evaluated separately by four functions affecting growth 
and senescence of canopy cover, Tr and HI. By splitting 
the ET in E and Tr the unproductive use of E in biomass 
production is avoided, which is important especially dur- 
ing the period when the ground cover is incomplete. The 
AquaCrop growth engine to estimate B (biomass per unit 
of accumulated transpiration, g·m−2) per day is: 

(i iB WP Tr ETo∗= × )i             (1) 

where WP* is the water productivity normalized by the 
evaporative demand of atmosphere, which is defined by 
the reference evapotranspiration (ETo), and the CO2 at- 
mospheric concentration. This normalization produces wa- 
ter productivity coefficients which tend to be relatively 
constant under particular climatic conditions [10,11]. 

As in other crop models, AquaCrop structures the soil- 
plant-atmosphere system by including 1) the soil, by in- 
corporating water and nutrients budgets, 2) the plant, 
through their processes of growth, development and yield, 
and 3) the atmosphere, with its thermal regime, rainfall, 
evaporative demand and carbon dioxide concentration. 
While it is a generic model, presents specific parameters 
for different crops, and some of them have a conservative 
character [9].  

Crop models need to be analyzed in its predictive be- 
havior, and adjusted or calibrated prior to more extensive 
use, particularly when considering conditions of geno- 
type, environment and specific management. In this 
sense, AquaCrop was been configured and tested in corn 
[12], and also subject to validation under irrigated and 

water deficit conditions [13]; parameterized and tested in 
irrigated and rainfed cotton [14]; compared with other 
crop models to estimate sunflower growth under different 
water regimes [15]; and to evaluate the quinoa (Cheno- 
podium quinoa Willd.) yield response to water availabil- 
ity [16]. 

Unlike other crop models that use the leaf area index 
as biophysics variable through which the crop interacts 
with the atmosphere, AquaCrop employs canopy cover 
and, based thereon, structures the dynamic of growth, 
water consumption and crop productivity [17]. The mo- 
del estimates the canopy cover development from an in- 
tegrated set of three exponential functions throughout the 
crop cycle, first the coverage value is calculated in the 
absence of restrictions, which then is adjusted according 
to the water stress or actual soil nutritional conditions. In 
most studies of AquaCrop calibration and verification is 
to be noted that are lacking foliage coverage measure- 
ments and, for this reason, assessment of model behavior 
is implemented with estimated coverage data.  

Because the recent appearance of AquaCrop, informa- 
tion about the model performance is relatively scarce, 
and it is not known if the model has been put operative 
for potato yet. Although the model includes a set of coef- 
ficients to represent crop bioclimatic requirements and 
tolerances, the global geographic expansion of potato 
causes a wide range of behaviors and productive re- 
sponses [18]. Only in Argentina, for all production re- 
gions [4] established the possibility of four growing sea- 
sons, each one characterized according to their different 
climatic conditions, soil type, cultural practices and yield 
level. Thus, the availability of a potato model adapted to 
local and regional conditions should have a strong impact 
to project the crop expansion into new regions or analyze 
any restrictions that should be overcome in the currently 
production areas. Moreover, it is interesting to evaluate 
the model performance in the context of productive va- 
riability which may present at field conditions [6], where 
differences of climatic, soil and technological environ- 
ments are less pronounced and demand more to the pre- 
dictive ability of the simulation tool. 

Within these general guidelines, this work considered 
two objectives: 1) calibrate the AquaCrop model using 
data of canopy cover obtained through digital photo- 
graphs to represent the potato behavior under the envi- 
ronmental conditions of Córdoba green belt, Argentina, 2) 
analyze the model performance to evaluate production 
variability in a commercial field in two years under con- 
trasting weather conditions. 

2. Material and Methods 

2.1. Description of the Study Area 

The work was performed in a 9 ha potato (Solanum tu- 
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berosum L., cv. Spunta) field of commercial production, 
during late autumn cycle in 2009 and 2010. The property 
is located in the green belt of Cordoba city, Argentina 
(31˚30'S, 64˚08'W, 402 m asl). The soil is classified as 
Haplustol entic series Manfredi, fine silty, mixed, ther- 
mic [19], without limitations for irrigated agriculture. 

2.2. Crop Management 

According to regular crop practices, the planting was 
carried out with a density of 6 pl·m−2. The 2009 growing 
season of potato was carry on from February 9 to May 29. 
The crop was fertilized with 260 kg·ha−1 NPK (20-14-3) 
at planting with the supplement of Mg and S and, in ad-
dition, was watered by furrows on 2 moments: at 58 (07/ 
04/2009) and 71 (20/04/2009) days after planting, apply- 
ing 25 mm at each date. The experiment consisted of a 
rectangular grid of 5 × 5 sampling sites spaced 47 m in 
the N-S direction and 44 m following the irrigation fur- 
rows (E-W). 

The late cycle of 2010 was extended from 16 February 
to 29 May. The crop was fertilized at planting with 250 
kg·ha−1 NPK (20-17-3) and the addition of Mg and S, 
and later with 22-0-0 and the supplement of S, Ca and 
Mg. Under these conditions of high fertilization level, 
productive losses due to nutrient deficiency were not 
considered in the simulation. Meanwhile, during the crop 
cycle received a surface irrigation of 20 mm at 43 days 
after planting (31/03/2010). The sampling grid in this 
year was square, with 3 rows × 3 columns spaced every 
70 m. 

2.3. Field Measurements 

2.3.1. Canopy Cover 
In 2009 and with an average frequency of 12 days, a ver- 
tical photography (at 1.2 m height) was taking to calcu- 
late the canopy cover (CC) near (to the west) of each grid 
node. In 2010, at each node of the grid an approximately 
4 m2 sampling was performed acquiring nine vertical 
photographs (taken at 2.5 m above the crop) in different 
positions equidistant to obtain the mean value of CC by  

date with an average frequency of 12 days. In both years, 
the crop cover was obtained according to [20] and [21], 
from a digital procedure which determines the presence 
of vegetation above ground by performing the colorimet- 
ric decomposition of the image in the visible range [22]. 
For the purposes of classification, in each pixel of the 
image is performed the green (g) and red (r) bands ratio, 
and vegetation was considered when g/r was greater than 
1.05 and soil in the contrary case. [23] determined that 
the ground cover calculated in this way do not differ 
from those obtained by the maximum likelihood method 
and is easier to implement. 

2.3.2. Total Biomass 
In 2009, two sectors, one between nodes 12 and 13 and 
the other between the nodes 21 and 22, with the same 
frequency than for crop cover, 2 samples of 1 m2 of total 
biomass were taken to obtain total dry matter. 

2.3.3. Crop Yield 
In 2009 all tubers were harvested in 1 m2 of each node. 
The yield of 2010 was obtained collecting all tubers in 1 
m2 of 6 places equidistant from each node. To express 
crop yield as dry matter, a ratio dry/fresh weight of 0.2 
was used [4]. 

2.4. Information Used by AquaCrop 

The description of the data is performed according to file 
structure required to run AquaCrop model. 

2.4.1. Soil Information 
According to the profile description for the soils of the 
region [24], the file was integrated with three soil hori- 
zons whose limits of availability water are shown in Ta- 
ble 1. Using Soil Water characteristics program [25], and 
considering the low organic matter due continuous tillage, 
the field capacity value (FC) was reduced in A horizon, 
while the abundant fertilization justifies wilting point 
values (WP) slightly higher compared to those presented 
by [24]. 

 
Table 1. Soil properties used to represent the soil modal green belt (gb) of Cordoba City. These data constitute the file soil 
used by AquaCrop model for late potato season in 2009 and 2010. 

Horizon Texture Depth Saturation FC WP TAW Ksat tau 

  m m3·m−3 mm·m−1 mm·d−1  

A Silty Loam 0 - 0.23 0.46 0.30 0.14 160 150 0.50 

AC Silty Loam 0.24 - 0.46 0.46 0.30 0.14 160 150 0.50 

C Loam >0.47 0.46 0.27 0.12 150 250 0.60 

Reference: FC: Field capacity; WP: Wilting point; TAW: Total available water; Ksat: Saturation coefficient; tau: Drainage coefficient. 
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2.4.2. Climate 
Meteorological data were obtained from an automatic 
monitoring station located 9 km from the site. The station 
provides hourly records of solar radiation, precipitation, 
temperature and relative humidity. From hourly records 
of temperature and humidity, daily maximum and mini- 
mum values were obtained of both elements. Similarly, 
daily radiation and precipitation data were accumulated. 
With the daily values of solar radiation, maximum and 
minimum temperature and maximum and minimum rela- 
tive humidity the reference evapotranspiration (ETo) was 
calculated by the Penman-Monteith method, using ETo- 
Calc v3.1 software [26]. 

Weather files were created for each year from daily 
values of rain, reference evapotranspiration, maximum 
and minimum temperature and atmospheric CO2 concen- 
tration, according to the program default file (AquaCrop 
considers 369.47 ppmv as reference level, which is the 
average of the atmospheric concentration of CO2 in 2000 
at Mauna Loa observatory, Hawaii). 

2.4.3. Crop Management 
According to potato production in the gb of Cordoba city, 
the model considered in both years a proportion of ground 
covered by stubble of only 4%, which practically does 
not limit the evaporation rate from the soil. Furthermore, 
the ground was systemized for furrow irrigation so that 
restricted flow is not considered, nor are water embank- 
ments. In order to estimate the surface runoff, a curve 
number 65 was used [27]. While not considered limita- 
tions on fertility, irrigation water supply was simulated 
incorporating water amounts listed above for each of the 
dates. 

2.4.4. Model Parameters 
Coefficients and conservative parameters (generics) that 
AquaCrop uses to represent crop performance against 
water stress conditions were modified slightly so that the 
crop was considered moderately tolerant to water stress 
for canopy expansion and stomatal closure, keeping un- 
changed the remaining (moderately tolerant to early ca- 
nopy senescence and stress by aeration). 

2.5. Calibration and Validation 

The AquaCrop calibration strategy to reproduce the par- 
ticular potato production conditions of the gb of Cordoba 
was implemented considering observed ground cover 
data throughout the cycle against those estimates by the 
model. Model calibration for late season potato crop was 
made from spatially distributed data observed in 2010, 
due this year the sampling was more intensive, while the 
2009 data obtained under less intensive sampling condi- 
tions, were used for validation. Furthermore, while in 

2010 the potato crop had more favorable conditions for 
growth, so that canopy cover was relatively uniform and 
reached maximum values above 90%, in 2009 the “top 
necrosis” disease (caused by the Tomato Spotted Wilt 
Virus—TSWV) restricted ground cover in different sec- 
tors across the field and thus increased the spatial yield 
variability.  

The canopy cover (CC) is a relevant biophysical pa- 
rameter that represents the ability of a crop for intercept- 
ing solar radiation, as well as to discriminate ETo be- 
tween crop transpired water (Tr) from soil evaporated 
water. To obtain the CC that expresses a potential growth 
value, we proceeded according to [9], who represents the 
development of the cover by coupling three exponential 
equations: 

CGC t
0CC CC e ×=               (2) 

where: CC is the canopy cover at time t, expressed as a 
fraction ground cover; CC0 is the initial size of the can- 
opy (at t = 0) in fraction, and CGC is the growth rate of 
the canopy in fraction per day, which is a constant value 
for a crop under optimal growth conditions and is modu- 
lated by water stress effect. 

This function represents the exponential growth of the 
crop during the first instance after emergence, when 
growth is proportional to existing size of CC. At the 
moment that the plants begin to shade each other, devel- 
opment progresses according to second stage, where CC 
follows an exponential decay rate, according to: 

( ) CGC t
x x 0CC CC CC CC e− ×= − − ×          (3) 

where: x  is the maximum coverage for optimal grow- 
ing conditions. 

CC

As the crop approaches maturity, CC begins to show a 
decline phase due to general leaf senescence. The model 
describes this third stage according to following expres- 
sion: 

x

CDC t

CC
xCC=CC 1 0.05 e 1

×  
 −


−
   

          (4) 

where: CDC is the canopy decline coefficient (in fraction 
per day reduction), and t is the time from the onset of 
senescence. 

Due to the absence of local or regional determinations 
of water productivity (WP) in potato, the calibration con- 
sisted in obtain its value using AquaCrop basic informa- 
tion, considering firstly the range of typical model values 
for C3 and C4 crops metabolism. 

3. Results and Discussion 

3.1. Year 2010 

Figure 1(a) shows canopy cover (CC) variation during 
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the late potato growing season of 2010 in one of the 9 
sectors of the commercial field. While dots show obser- 
vations of CC determined from digital photographs at 
different times of the crop cycle, the continuous line cor- 
responds to the values estimated by AquaCrop for wea- 
ther, soil and crop management conditions of late potato 
growing season in the Cordoba gb. The development co- 
efficients of CC that were used, obtained by trial and 
error, are presented in Table 2. 

The simulated function describes the canopy cover 
observed very closely throughout the crop cycle, so the 
linear fit between the two variables, as shown in Figure 
1(b), presents a slope very close to one, while the value 
of the intercept approaches zero. This analysis was ex- 
tended to the rest of field and the results obtained are 
presented in Table 2. As in the Sector 1.1, the remaining 
nodes analyzed have linear functions that not differ sta- 
tistically from the identity function. 

In order to obtain a characteristic value of water pro- 
ductivity (WP) for environmental and technological con- 
ditions of Córdoba green belt, the final yield of potato 
crop cultivar Spunta was estimated considering different 
values. Then a relationship was established between the 
 

 
(a) 

 
(b) 

Figure 1. (a) Canopy cover variation observed (dots) and 
estimated by AquaCrop (dash line) with respect to days 
after planting in node 1.1 in 2010. Vertical bars indicate +/− 
one standard deviation; (b) Relationship between observed 
and estimated canopy cover. 

Table 2. Development coefficients of canopy cover model 
for potato crop used by AquaCrop, and regression (a: in- 
tercept, b: slope) and determination (R2) coefficients for the 
relationship between observed and estimated canopy cover 
for each node in 2010. 

Node CC0 CCx CGC CDC a b R2 

1.1. 0.4 98 0.19 9.0 0.029 0.978 0.995

1.2. 0.4 99 0.20 8.0 −0.608 1.007 0.989

1.3. 0.4 99 0.20 8.0 −1.778 1.019 0.990

2.1. 0.3 99 0.18 8.0 −2.614 0.985 0.991

2.2. 0.4 98 0.19 8.4 −0.912 0.987 0.993

2.3. 0.4 98 0.19 8.3 −0.687 0.983 0.995

3.1. 0.3 97 0.19 7.8 −1.540 1.006 0.996

3.2. 0.3 96 0.20 8.0 2.292 0.980 0.991

3.3. 0.3 97 0.19 7.7 0.395 0.980 0.992

References: Node: row.column. CC0: initial size of canopy (in t = 0); CCx: 
maximum canopy cover for optimal growing conditions; CGC: growth rate 
of the canopy in fraction per day; CDC: canopy decline coefficient in re- 
duced fraction per day. 

 
final tuber yields observed and estimated by AquaCrop 
for different levels of WP, as shown in Figure 2.  

The adjustment function between the observed and 
calculated values in all cases presents a determination 
coefficient equal to 0.9 (p < 0.001), but with WP = 26.3 
g·m−2 and WP = 31, 6 g·m−2 occurs a marked overesti- 
mation, and when employing 15.8 g·m−2 the behavior is 
opposite, meanwhile using WP = 21 g·m−2 produces the 
lowest estimation error. As is the case with radiation use 
efficiency (RUE) values [28], the water productivity in 
potato crop also presents intermediate values between 
those characteristic for C3 and C4 species. 

Evaluations about radiation use efficiency in potato 
assigned this crop the highest value within the C3, even 
similar to C4 species like corn, levels that have also been 
reported for cv Spunta under environmental conditions 
Córdoba green belt [29] [30]. Based on this argument, 
and according to the results obtained here, it is consid- 
ered appropriate to use a value of water productivity of 
21 g·m−2, intermediate between those proposes by the 
model for C3 and C4 species. Anyway, overestimation of 
yields increases when observed productivity are lower, 
suggesting, like the first evaluations in other crops [13], 
that AquaCrop behavior is more suitable under greater 
water supply conditions, but tends to estimate incorrectly 
the biomass or yield under water stress conditions [31]. 

Having established estimated conditions of CC similar 
to the measured, the difference in coverage that occurs in 
different sectors of the commercial field should explain, 
according to the logic of the model, the productivity lev- 

Copyright © 2013 SciRes.                                                                                  ACS 



A. DE LA CASA  ET  AL. 

Copyright © 2013 SciRes.                                                                                  ACS 

402 

els achieved at each site particularly. The different sizes 
of crop transpiration surface also should be reflected in a 
particular soil moisture condition during the growing sea- 
son, specially the water consumption (evaporation and 
transpiration), because the replenishment (rain and irri- 
gation) is assumed uniform in the field. Considering soil 
moisture as a control variable, and analyzing the degree 
of correspondence between observed and estimated by 
AquaCrop, Figure 3 shows the variation experienced by 
the soil water content along the growing season in 1.1 
node. 

The water content variation estimated by AquaCrop 
for the layer between 0.15 and 0.35 m, represents this dy- 
namic in an appropriate way for the node 1.1, while the 
last measured value has a more significant underestima- 
tion. The analysis of the relationship between observed 
and estimated values was extended to the other nodes in 

the field, obtaining the linear regression and correlation 
coefficients presented in Table 3. 

The estimated and observed values of soil moisture in 
each sector present a significant linear relationship (p < 
0.01), with the intercept being different from zero and the 
slope greater than 1 which, except for node 3.3, shows 
some inconsistency. The spatial distribution of errors be- 
tween the mean tuber yield observed and estimates by 
AquaCrop for the nodes of the sampling grid are shown 
in Figure 4. It shows that there is a trend of the error to 
decrease in the field, being consistently higher the error 
obtained on the nodes located on row 3 (north of the field). 

Similarly, as shown in Table 4, the relationship be- 
tween potato yields and observed moisture condition in 
each sector presents a correlation coefficient always 
positive, that has statistical significance (p < 0.05) in 2 of 
6 sampling dates. 

 

 

Figure 2. Relationship between observed tuber yield (dry matter) in different nodes of a production field of Córdoba green 
belt monitored in 2010, and those estimated by AquaCrop considering different water productivity values (WP, g·m−2). 
 

 

Figure 3. Soil water content observed (0.20 - 0.30 m) and estimated (0.15 - 0.35 m) by AquaCrop for the node 1.1. in 2010 in 
elation to days after planting. Also presented daily precipitation records in bar graph. r  
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Table 3. Coefficients of regression (a: intercept; b: slope) 
and determination (R2) for the relationship between soil 
water content observed in 0.20 - 0.30 m layer and estimated 
by AquaCrop in 0.15 - 0.35 m layer, for each of 9 nodes in 
2010. 

Node n a b R2 

1.1. 6 −9.198 1.381 0.925 

1.2. 6 −13.160 1.522 0.886 

1.3. 6 −15.051 1.655 0.924 

2.1. 6 −13.751 1.567 0.923 

2.2. 6 −9.134 1.363 0.930 

2.3. 6 −8.074 1.406 0.943 

3.1. 6 −5.395 1.262 0.886 

3.2. 6 −5.622 1.313 0.896 

3.3. 6 −0.083 1.100 0.928 

All 54 −6.468 1.298 0.864 

 
Table 4. Coefficients of correlation (r), t value and its 
probability (p) for the linear relationship between the soil 
moisture content and tuber yield in different dates of 
growing season. 

Date r t df p 

Feb-26 0.5318 1.6614 7 0.1406 

Mar-05 0.6911 2.5296 7 0.0393 

Mar-23 0.2896 0.8005 7 0.4497 

Mar-30 0.5519 1.7512 7 0.1234 

Apr-08 0.5638 1.806 7 0.1139 

Apr-27 0.7058 2.636 7 0.0336 

 

 

Figure 4. Spatial variation of the error (Mg·ha−1) between 
observed and estimated yields with WP = 21 g·m−2 in 2010. 

3.2. Year 2009  

The potato crop was monitored in the same field of com- 
mercial production of 2010, and was used as a control 
test to verify the predictive performance of AquaCrop. 
Sampling was less intensive as canopy cover was deter- 
mined from a single photograph obtained only on the 
nodes of grid sampling. Furthermore, due to the impact 
of the Black Death, a disease that was so variable in the 
field, the canopy cover presented a higher variability 
compared to 2010. The variables used to evaluate Aqua- 
Crop, additionally to CC, were, first, the biomass pro- 
duced from measurements taken during the growth sea- 
son into two sectors of the potato field (between nodes 
1.2. and 1.3. and between nodes 2.1. and 2.2.) and, in 
second term, the yield of tubers that were harvested on 
each of the 25 nodes. 

With respect to dry matter production, Figure 5 shows 
the variation of canopy cover and the biomass obtained 
along crop season in two sectors of the field.  

It shows a strong contrast between the two sectors 
monitored, with maximum coverage values below 40% 
in the 1.2. - 1.3. sector and that exceeds 80% in 2.1. - 2.2., 
what characterizes the greater heterogeneity of crop pro- 
duction in 2009. Consistent with the difference between 
canopy coverage, total crop biomass also shows a sig- 
nificant difference between the two sites. 

Figure 6 shows the correlation and regression analysis 
between CC and biomass values observed and estimated 
by AquaCrop for both sectors simultaneously (with ini- 
tial conditions of soil moisture at field capacity). The 
results are contradictory since, while the regression line 
of canopy cover approximates the identity function, Al- 
though the dispersion is somewhat high (R2 = 0.81) and a 
trend toward underestimation for higher values, the fig- 
ure for dry matter has a slope of 1.4, with a somewhat 
lower level of dispersion, which means that the model 
systematically overestimates measurements. As seen in 
the canopy cover values of Figure 5, the incidence of 
“top necrosis” disease produced a marked retardation of 
cover growth between 30 and 40 days after planting, 
which explains the increase of dispersion between the 
observed canopy cover and estimated by model.  

The aptitude of AquaCrop to estimate potato yield was 
verified in the first instance assimilating canopy cover 
estimated by the model in the absence of growth restric- 
tions and the observations obtained in the sampling grid. 
For this purpose, the development coefficients of canopy 
cover were determined using the model, solving its value 
by trial and error based on a linear fit function between 
observed and estimated, with the results shown in Table 
5. Although the R2 values obtained are high and exceeds 
0.9 in 20 of 25 cases, and the slopes do not differ sig- 
nificantly than 1, assuring the similarity between calcu-  
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lated and observed, in other cases the observed curves of 
canopy cover presented significant alteration making dif- 
ficult to achieve greater approximation. 

Observed and estimated canopy cover variation through- 
out the growing season for nodes 2.4. and 4.4. of 2009 is 
shown in Figure 7. 

The relationship between observed tuber yield in each 
1 m2 plots in the nodes of the sampling grid and those 
calculated with AquaCrop is shown in Figure 8. The 
estimates were made considering initial moisture content 
at field capacity (FC), to avoid the influence of this factor 
so that the difference in yield in the field is determined 
only by changes in coverage. 

Both for 2009 and 2010 late potato growing season, 
the results confirm that the duration of canopy cover (co- 
verage integration along the cycle) is a good indicator of 
the productive capacity of the potato crop [30,32], so that 
its monitoring during the crop cycle can generate useful 
information to plan or to establish eventually precision 
agriculture, or to establish areas of located management 
[33]. Because of the less intensive sampling and probably 
as a consequence of the “top necrosis” disease, in 2009 
there was a significant variability in the commercial field, 
which is only partially explained by the model. However, 
it is considered that this result can be more linked to spa- 
tial variability analysis of the production field because, 
unlike 2010, is performed directly at level of unit area. 
Similarly, while it is considered necessary produce fur- 
ther evidence to confirm the water use efficiency or wa- 
ter productivity by the potato cv Spunta, estimates pro- 
duced by AquaCrop seem to be consistent to evaluate the 
spatial variability of the productivity under cultivation 
regime of Córdoba green belt. 

4. Conclusions 

Once the coefficients of canopy cover development are 
adjusted, AquaCrop estimated adequately crop yield of  

Table 5. Coefficients of canopy cover development used by 
AquaCrop model to estimate potato coverage and coeffi- 
cients of regression (a: intercept, b: slope) and determina- 
tion (R2) between observed and estimated values at the 
nodes of the sampling grid in 2009. 

Node CC0 CCx CGC CDC a b R2 

1.1. 0.02 55 0.16 6.0 1.597 1.066 0.958

1.2. 0.02 25 0.15 3.5 −0.766 0.999 0.606

1.3. 0.02 54 0.16 6.0 −0.810 1.107 0.982

1.4. 0.02 18 0.13 2.0 0.682 1.039 0.874

1.5. 0.02 30 0.15 3.0 −2.564 1.104 0.816

2.1. 0.02 88 0.16 10.0 1.380 1.058 0.958

2.2. 0.02 88 0.18 8.0 1.766 1.025 0.909

2.3. 0.02 90 0.17 11.0 3.009 1.061 0.897

2.4. 0.02 83 0.18 8.0 1.010 1.120 0.917

2.5. 0.02 86 0.18 8.0 −0.333 1.031 0.965

3.1. 0.02 66 0.15 8.0 1.252 0.838 0.886

3.2. 0.02 26 0.14 2.5 0.613 1.067 0.922

3.3. 0.02 72 0.16 8.0 −2.049 1.004 0.916

3.4. 0.02 60 0.15 6.5 2.166 1.051 0.918

3.5. 0.02 52 0.16 4.5 −0.278 0.993 0.953

4.1. 0.02 30 0.15 4.0 −0.322 1.056 0.964

4.2. 0.02 60 0.16 7.5 0.817 1.104 0.955

4.3. 0.02 66 0.16 8.0 1.752 1.025 0.974

4.4. 0.02 45 0.16 4.5 1.356 1.029 0.945

4.5. 0.02 60 0.16 7.0 1.328 0.992 0.933

5.1. 0.02 96 0.19 9.0 0.209 1.129 0.914

5.2. 0.02 87 0.17 8.0 2.251 1.010 0.974

5.3. 0.02 80 0.18 8.0 −1.882 1.143 0.951

5.4. 0.02 84 0.17 8.0 1.165 0.999 0.944

5.5. 0.02 72 0.17 7.0 2.071 1.050 0.899

 

 

Figure 5. Total dry matter (DM) and canopy cover variation according to the days after planting in two sectors of field pro- 
duction in 2009. 
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(a)                                                          (b) 

Figure 6. Relationship between observed canopy cover (a) and biomass (b) and those estimated by AquaCrop in sectors 12 - 
13 and 21 - 22 of the production field in 2009. The dashed line is the 1:1 function. 
 

 

Figure 7. Canopy cover observed and estimated by AquaCrop in relation to days after planting in 2 nodes (2.4 y 4.4) in 2009. 
 

 

Figure 8. Tuber yields (dry weight) observed and estimated with AquaCrop at 25 nodes and the mean value per row in 2009. 
 
potato, particularly for high production levels. For the 
environmental, cultural and technological conditions of 
Córdoba greenbelt, water productivity in potato was 21 
g·m−2, intermediate value for species of C3 and C4 me- 

tabolism. This water productivity level proposed to rep- 
resent potato crop cv Spunta under autumn season condi- 
tions of Córdoba greenbelt, can be considered acceptable 
as a first approximation insofar the productivity levels 
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calculated are similar to those observed. 
AquaCrop estimated adequately the evolution of soil 

water content of the potato crop during the growing sea- 
son, as well as the spatial distribution of productivity was 
simulated consistent with the observed values. The mo- 
del performance can be improved by adjusting the dif- 
ferences of the input data (irrigation, drainage, bulk den- 
sity) in different sectors of the commercial field. 
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