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Propositions

1.

In Argentina the vield gap between actual and potential yield of potato is mainly caused by
unsuitable physiological seed guality and limited water and nutrient supply.
This thesis.

Proportion of potential yield achieved by a potato crop depends on the physiological age
index of the seed tubers; therefore the physiological age index is a useful input parameter in
simulation studies.

Under Argentinian conditions, the periods between haulm killing and harvest and between
harvest and beginning of the storage period of potato must be shortened in order to delay
seed tuber ageing, especially when seed tubers must produce medium-late and late crops.
This thesis.

Applications of plant growth regulators can modify the effects of physiological age of seed
tubers on treated potato crops.
This thesis.

Tierra del Fuego island is a safe haven for sced potato production. Its potential should be
preserved.
This thesis.

Argentina has the potential to become an important exporter of seed and ware potatoes.

Allelopathy can be used for weed control in agricultural and forestry systems.
Caldiz, D.O. & L.V. Ferndndez, 1999. In: Recent Advances in Allelopathy. F. A. Macias,
J.C.G. Galindo, JMG. Molinillo & HG. Cutler, eds. Servicio de Publicaciones
Universidad de Cadiz-International Allelopathy Society, Cddiz, Spain, pp. 237-248.

The epiphytic weed Tiflandsia recurvata L. can be used as an indicator of environmental
pollution by sulphur dioxide.

Benzyl aminopurine applied at anthesis, can delay senescence and improve grain quality in
wheat, '

Caldiz, D.Q., J. Beltrano, L. V. Fernandez, S.J. Sarandon & C. Favorerti 1991. Plant
Growth Regulation 10: 197-204.

10. He who knows a lot always asks for advice,

Anonymous.

Propositions belonging to the PhD thesis of Daniel O. Caldiz,
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ABSTRACT

Caldiz, D.O., 2000. Analysis of seed and ware potato production systems and vield constraints in
Argentina. PhD Thesis, Wageningen University, Wageningen, The Netherlands, i-xvi + 197 pp;,
English, Dutch and Spanish summaries.

The aim of this thesis is to analyze the seed and ware potato production systems in Argentina and
their possible yield constraints in order to develop specific sirategies to increase seed quality and
tuber yield.

This thesis starts with a survey of the actual potato production systems in Argentina carried
out during 1994/95 and updated in 1999. Argentina currently produces well over 2 million
tonnes of potatoes per annurn on just over 100,000 ha. The survey also describes the acreage and
production in different areas, agro-ecological conditions in each of these areas, yield constraints
and perspectives for yield improvement. It also presents data on area, production and yield for
each growing season and characterizes the seed and ware production systems in these areas in
terms of weather based on long-term meteorological data and soils based on digitized soil maps
for the whole country. In each of these areas yield determining, yield limiting and yield reducing
factors are identified. High temperatures during planting and harvest time are the main yield
determining factors as they affect crop growth and/or seed and ware quality. Also high
temperatures during storage may be detrimental to the quality of stored seed or ware. Water and
nutrient supply and physiological age of the seed are the main yield limiting factors in different
seed and ware potato areas. Virus diseases, early (Alternaria solani) and late (Phytophthora
infestans) blight are the main yield reducing factors in some areas. Strategies to solve problems
of improper physiological age and virus infection are analyzed later in this thesis in order to
obtain further improvements in yield and quality.

A simulation study at national and regional levels (1) characterizes agro-ecological zones
for potato production; (2} establishes potential growing seasons; (3) estimates the potential yields
of the crop in these zones and seasons, and, at a regional level, also for different planting dates;
and (4) discusses how these results match with reality and how they can be used for the benefit
of the potato industry.

Two models are used in these studies; the SUBSTOR-POTATO model for yield prediction
and the LINTUL-POTATO modecl for a yield gap analysis.

The SUBSTOR-POTATO model is calibrated and validated using Argentinian data sets

from experimental results from different sites and years. Cultivar-specific coefficients are



obtained during calibration and validation is based on several independent sets of field data,
including cvs Huinkul, Kennebec, Mailén and Spunta. The observed and simulated values show
good agreement within normal ranges of tuber yields. The particular behaviour of the input
parameter maturity date is also considered, in order to properly assess tuber yield. A genetic
coefficient for the duration of tuber bulking needs to be included in the model in order to obtain
proper yield values under Argentinian conditions.

A yield gap analysis is carried out with data from five different agro-ecological potato
growing zones by comparing potential yield data obtained with the LINTUL-POTATO
simulation model with the actual and attainable yields. This analysis is used to identify the
possible factors determining, limiting or reducing yield in each of the areas considered and to
analyse options for further yield improvement. Special emphasis is put on the yield limiting
effect of the physiological age of seed tubers, water and nutrient management, and the quality
and yield reducing effects of virus diseases. Results show, for the regions studied, that the actual
yield is still far below the attainable and potential yields, due to suboptimal light interception by
the foliage, poor seed quality, and lack of early (Alternaria solani) and late blight (Phytophthora
infestans) control.

Based on these results a physiological age index (PAI) that combines both the effect of
chronological and physiological age of seed tubers is developed. PAI calculation is based on
different key-dates of the life cycle of a seed tuber, which are easy to assess, i.e. the haulm
killing date of the seed crop (To) and the end of the incubation period of seed tubers, measured
under standard conditons. The PAl is: T/T, where T, is the time from haulm killing date (Tp) to
possible planting date and T; the time from T; to the end of the incubation period.. The PAI
expresses physiological ageing of seed potato tubers within a range from 0 for physiologically
young to 1 for old tubers. To test the PAI, existing data are re-cvaluated and re-elaborated and
specific experiments on the effects of seed origin and storage conditions for different cultivars
have been performed during 1994/99, The effects of seed origin, seed supply and seed: flow are
also analyzed in terms of the effects of the physiological age of seed tubers on subsequent crop
performance and yield. A survey on seed supply and seed flow evaluates the effects of different
origins and storage systems upon crop growth and yield under practical cenditions. The effects
of physiological age on yield can be mainly attributed to improved light interception. PAI
correlates well with the proportion of potential yield attained in different plariting seasons.

Different strategies may help to overcome the effect of yield limiting and quality and yield
reducing factors, such as the physiological age of seed tubers and virus diseases. Application of

plant growth regulators such as gibberellic acid and benzyl aminopurine modifies the effect of
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the physiological age of seed tubers on the progeny crops. Especially benzyl aminopurine is
promising in overcoming the negative effect of old seed tubers on crop growth and yield. The
development of a seed production system on the isolated island of Tierra del Fuego in the
southern part of the country proves to be a sound strategy to multiply basic seed or to carry out
initial multiplications in breeding programmes. Presence of nematodes, aphids and virus proves
to be very low and growing and storage conditions allow the production of young seed. Seed
yields and physiological quality are acceptable, and the seed is very healthy, with virtually no
viral, fungal or bacterial infections.

The study shows how a highly complex potato production system, like the Argentinian
one, can be surveyed and analyzed. The survey work is complemented with the use of a
Geographic Information System and simulation model approaches which improve our
understanding of the possibilities for increasing future crop production by expanding the area
cropped with potatoes and/or yield. The use of a yield gap analysis is also a useful and
comprehensive tool to identify and rank yield defining, yield limiting and yield reducing factors
for those agro-ecological zones where the potato is currently grown. With these procedures, the
physiological age of seed tubers and virus diseases are identified as the most relevant factors
limiting and reducing yield. Specific sirategies are developed to counteract their limiting and
reducing effects upon seed quality and tuber yield.

The approach of this thesis does not only applied for the specific situation of the potato
crop in Argentina, but this framework could be successfully applied to other crops or production

systems elsewhere.

Key-words: Solanum tuberosum L., potato production, potential yield, agro-ecological zoning,
growth regulators, yield gap analysis, physiological age, seed quality, seed supply, yield

improvement strategies
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NOTE

Chapters 2.1, 3.1, 3.2, 5.1 and 5.2 of this thesis have been published by Potato Research.
Chapter 2.3 is based on a Research Report. Chapters 2.2, 3.2 4.1 and 4.2 have been submitted for
publication. The presentations of the chapters in this thesis differ from the original publications
in the following ways:

o The titles and running titles have been adapted,

s The References of the individuval papers have been combined into one single list.

¢ Acknowledgements are given in the Foreword.

s Minor alterations have been made in the text, tables and figures, lo standardize the

presentation.
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General introduction

1. GENERAL INTRODUCTION

The potato (Solanum tuberosum L.) originated in the Peruvian Andes (Ugent & Peterson, 1988).
It was found in Colombia, Peri, Bolivia and in the northwest of Argentina by the Spaniards
around 1524, who introduced it into Europe, probably from the northern Colombian region
{(Hawkes, 1967), as early as 1565 (Thornton & Sieczka, 1980). From Spain it spread all over
Europe, first as a botanical curiosity and later, during the mid-eighteenth century, as an
important food crop. In Argentina, the Indians already grew potatoes in the Andean valleys
since the Inca period (L. Lanfranconi, personal communication, 1998) but the first record of
large-scale potato cultivation is from 1872/73 with an area of 2361 ha (Caldiz, 1994). From
those times the crop markedly expanded all over the country, where at present, about 100,000 ha

are grown in different areas and seasons, for seed, ware or processing purposes.

Actual and potential potato yield
The fact that the crop is grown in different areas and seasons all over the country during the
whole year induces a flow of seed potato tubers from different cultivars, from different seed
production areas to other ware and processing growing areas. Seed potatoes are grown at sea
level in coastal areas or in the mountains, while ware potatoes are grown from the northern
provinces of Salta, Tucuman and Santiago del Estero (26° SL) to the southern province of
Chubut (44° SL). Thus crops are grown in different soils and under different weather conditions,
but also at different levels of technology. For example, irrigation is carried out in furrows, using
traditional sprinkler systems or by central pivots. The production systems will be analyzed by
means of an extensive survey, analyzing area, yield and production and identifying different
yield determining, yield limiting and yield reducing factors. Within the yield limiting factors,
the physiological age of seed tubers appears as one of the most limiting ones either for seed or
ware production while within the yield reducing factors, virus diseases is one of the main quality
and vield reducing factors. Hence, both factors are being particularly considered in this study.
The potato production systems are highly diverse and seed supply systems are complex,
due to the large size of the country, the distance between seed and ware areas and the variation
in agro-ecological conditions prevailing among zones (Table 1.1). Geographic Information
Systems (GIS) and simulation models could greatly contribute to the analysis of the system, GIS
are extensively used for land evaluation, either at regional (van Lanen et al., 1992; Stoorvogel,
1995; Bouma, 1998) or global scale (Stol et al., 1991). A GIS (Eastman, 1993) will be used to

perform an agro-ecological characterization of the potato production for the whole country.
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Simulation models are used at different aggregation levels for research, instruction, yield
prediction and decision support (Penning de Vries & Rabbinge, 1995); for the potato crop,
several models are in use to simulate plant growth and crop productivity under limiting and non-
limiting conditions (Haverkort & MacKerron, 1995). Simulation models (LINTUL-POTATO,
Kooman, 1995; SUBSTOR-POTATO, Griffin et al., 1992) will be used to predict yield
(SUBSTOR-POTATO) and to estimate the potential yield of the crop and to carry out a yield
gap analysis (LINTUL-POTATO).

Table 1.1. Planting, harvesting time, technological level, seed age and yield variation for
different potato growing seasons in Argentina.

Growing Location  Planting Harvesting Technological Seed age Yield
season level

variation
Early Tucumén’' June October Low-Medium Too young/old High

Mid-early Cordoba’ August December Low-Medium Suitable/Too young High
Mid-late  Bs. Aires’ October February  High-Very high  Suitable/Tooold  Low
Late Cordoba®  February June Low-Medium Too young High

(1) Also in Formosa, Salta and Santiago del Estero; (2) also in Santa Fé and north of Buenos

Aires province; (3) also in Mendoza, Rio Negro and Chubut. See also Figure 2.1.3.

Physiological age of seed tubers as a limiting factor in seed quality and crop yield

The physiological age of seed tubers is one of the limiting factors in potato production (Caldiz
& Gaspari, 1997). Several agro-ecological and management factors affect the physiological age
of a seed tuber and thus affect the future crop, such as temperature, storage length and pre-
planting treatments (Struik & Wiersema, 1999}, In Argentina, although seed tubers of almost 50
cultivars are grown in different areas, 90% of the potato crop is based on ¢v, Spunta (Ferndndez
et al., 1999) which is highly sensitive to physiological ageing (Caldiz, 1991). Seed from this and
other cultivars need to be stored for different periods until being used in the following crop.
Moreover, crop, post-harvest and storage conditions differ considerably between areas (Escande
et al., 1985, 1986). Ware crops are grown year around, but different sites and seasons have
different requirements for seed age, depending on the length of the growing period available, the
crop type and the potential yield. Seed tubers flow from different seed growing areas to different
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ware potato areas; moreover, seed tubers suffer from different stresses during the crop, post-
harvest and storage phases; their physiological ageing is not controlled and the impact of
physiclogical age on crop growth and yield hardly considered.

Virus diseases as a reducing factor of seed quality and crop yield

Virus diseases greatly reduce seed tuber quality (Ortego, 1995) and yield of the progeny crop
(Caldiz et al., 1985). In Argentina, seed potatoes are grown in isolated areas to avoid or reduce
virus infection. However, in these areas other diseases and pests occur and seed obtained is not
always of the proper physiological age due to environmental or management conditions (Caldiz
et al., 1999). Maintenance of a seed production system requires a continuous supply of virus-
free material, multiplication in isolated areas with low aphid population pressure and permanent
phytosanitary control of the seed crop and its progenies (Hille Ris Lambers, 1980; Escarra,
1989; Nemecek, 1993; Zamudio, 1996; Struik & Wiersema, 1999). If these measures are not
taken the self-sufficiency regarding seed production, could be jeopardized.

Strategies to improve yield

Crop production could be increased by extension of the cropped area, improvement of yield per
hectare or by both. In Argentina, various key-aspects in potato growing have been improved
during the last 20 years, but there are still several yield determining, yield limiting and yield
reducing factors that merit attention. To study all of them is beyond the framework of this study,
but I selected, based on the analysis and survey recently carried out by Caldiz & Struik (1999)
an important yield limiting factor (physiological age of seed tubers) and an important yield
reducing factor (virus diseases), for detailed consideration in this study. Both factors are aspects
of seed tuber quality.

Different approaches can be followed to modify or improve the physiological age of seed
tubers, like adapting planting date, length of cropping season, haulm killing date and
(especially) storage conditions. Another strategy would be to overcome negative effects of
improper physiological age of the seed tubers by applications of plant growth regulators to the
crop grown from this seed. However, seed quality depends on both physiological and
phytosanitary aspects and because ot the latter one the use of virus-free seed is essential.

Virus diseases reduce seed quality and yield (Caldiz et al., 1985), Therefore, seed tubers
are produced in isolated areas using basic disease-free starting material. Seed producers select
suitable planting dates, perform roguing and kill the haulm early (Struik & Wiersema, 1999).

The use of new and isolated areas for seed potato production could play an important strategic
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role in the future, either for basic seed production and/or building up a seed supply of new

genotypes.

Approach and objectives of this study

This thesis aims to provide a framework for the analysis of different cropping systems in
different agro-ecological zones using the example of the potato. The Argentinian potato
production system presents, due to its complexity (Table 1.1), an excellent opportunity to test
the power of the combined use of survey work, GIS, simulation models and yield gap analysis to
identify future crop opportunities and actual yield defining, yield limiting and yield reducing
factors. Based on this approach, suitable and specific strategies can be developed to improve
yield and quality.

Until now, no attempts have been made to analyze the potato production system in
Argentina, to survey and characterize the crop in the different growing areas and seasons, and to
identify possible yield determining, yield limiting or yield reducing factors. Moreover, no
attempt has been made cither to study the possibilities to expand the crop, either in terms of area
and/or yield per unit area or to develop specific strategies to overcome yield constraints such as
the improper physiological age of the seed.

The objectives of this project are:

(1) to carry out a complete survey of the potato production system in order to identify

yield determining, yield reducing or yield limiting factors in the main growing areas
{Section 2, Chapter 2.1). The results of this survey will be used for a further analysis
of the factors affecting yield and the effects of different seed origins and seed flows
on physiological age, crop growth and tuber yields;

(2) to perform a simulation study using GIS and growth and yield simulation models to
estimate possibilities of expanding crop frontiers and to define the potential yield of
the crop in different agro-ecological zones (Section 2, Chapter 2.2 and 2.1). This is
done at the national level, while at the regional level, potential yield is also analyzed
for its spatio-temporal variation. Due to the great variations in technological level,
seed quality, stress factors, altitude, conditions and growing seasons, the framework
proposed for the analysis of this production system will be an important test for this
methodology;

(3) to test the suitability of the SUBSTOR-POTATO simulation model to predict yield
under Argentinian conditions (Section 3, Chapter 3.t1) which will allow to test

different management strategies;
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(4) to carry out a yield gap analysis by comparing actual and attainable yields with the
potential yield established with the LINTUL-POTATO simulation model (Section 3,
Chapter 3.2}; these results will be also used to carry out a more in-depth analysis of
yield defining, yield determining and yield limiting factors;

(5) to develop a physiological age index {(PAI) to analyze the influence of physiological
age as a yield limiting factor in Argentinian potato production (Section 4, Chapter
4.1);

(6) to siudy the effect of seed origin, seed supply, seed flow and physiological age on
crop growth and yield in different arcas in order to analyze their effects on the
proportion of the potential yield achieved (Section 4, Chapter 4.2);

{7) to develop strategies to overcome physiological (Section 5, Chapter 5.1) and
phytosanitary yield constraints (Section 5, Chapter 5.2); and

(8) to identify possibilities for further improvement of the crop, mainly based on the use
of seed of suitable age, improved water and nutrient management and control of leaf
diseases.

Achievement of these objectives will not only contribute to a better understanding of the

Argentinian potato production systems and their constraints, but will also contribute to establish
an analytical framework for future use in different crops and regions. At the end of this thesis

the proposed approach will be discussed.
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CHAPTER 2.1

SURVEY OF POTATO PRODUCTION AND POSSIBLE YIELD CONSTRAINTS



published as:

Caldiz, D.O. & P.C. Struik, 1999. Survey of potato production and possible yield constraints in
Argentina. Potato Research 42: 51-71.
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Survey of patato production

21. SURVEY OF POTATO PRODUCTION AND POSSIBLE YIELD
CONSTRAINTS

Summary

Potato is the most important horticultural crop in Argentina. Its cornmercial cultivation started in
1872/73 and production greatly increased due to area and yield increases. This paper surveys the
actual potato production in Argentina and describes and quantifies distribution of crop area and
production and the agro-ecological conditions in each growing area. Yield constraints are
identified and possibilities for further yield improvement are discussed. The survey established
that important yield improvements were achieved in the country during the last 20 years, mainly
due to the use of high quality seed, new cultivars, improved fertilizer and irrigation techniques,
and better control of pests and diseases. Suggestions are made to further improve potato yield in

the different growing areas.

2.1.1. Introduction
Argentina is located in the southern region of South America, ranging from 22 to 56° S and
from 54 to 72° W, It rises from sea level in the east to the high Andean mountains in the west to
a maximumn of about 7000 m above sea level. The magnitude and diversity in altitude of the
country accounts for the occurrence of many different climatic zones [BWk, BS, Cfa, Csb and
ET, according to the K&ppen classification, (Petterssen, 1976)] where many different crops can
be grown, including: maize, sorghum, wheat, sunflower, soybean, flax, and many forage and
horticultural crops. Table 2.1.1 shows the land distribution, acreage and production of some
crops; among the horticultural crops, potato is the most important (INTA Balcarce, 1980).
Although there are evidences that during the Inca period the Indians grew potatoes in the
Andean valleys of northwestern Argentina (L. Lanfranconi, personal communication, 1998), the
first record of large scale potato cultivation is from 1872/73 with an area of 2361 ha (Caldiz,
1994). The crop was started in the area of the current city of Santa Fe (SL 31° 23°) and later on
it spread towards the southeast of the Buenos Aires province where the first crops were planted
in 1886 with cv. Violeta, named after its violet skin colour {Anonymous, 1954). Later, other
cultivars derived from introductions from the USA and Europe were grown, such as Tomatera
(1911) from Germany, Redonda (1915} derived from the American cv. Early Rose, Blanca
(1915) from cv. White Rose and Chaquefia (1925) derived from Spaulding Rose. The latter two
cultivars disappeared in 1935-36 due to severe virus infection (Sivori, 1951) and also because of

lack of interest from the commercial growers (Anonymous, 1954). By that time the introduction
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of seed from different cultivars was very important. Munck (1940) reported results of 39
cultivars grown in the period 1935/36-1939/40 at different locations.

Mendiburu (1986) considered that the history of the production of seed potatoes in
Argentina can be divided into four periods: (1) beginning of crop production in the late 1800s-
1936: local seed production with local or imported cultivars; (2) 1937-1955: only imported
seeds used; (3) 1955-1985: use of both local and imported seeds; (4) 1985—present: self

sufficiency.

Table 2.1.1. Land use and area and production of different crops in Argentina.

Land use' Area
Total area 3,761,274 km’
Continental area 2,791,810 km?
Cultivated area 29,300,000 ha
Forest woodland and natural forest 63,300,000 ha
Natural and other grazing land possible to cultivate 131,100,000 ha
Non-farming area (mountains, rivers, lakes, etc.) 49,000,000 ha
Crop* Area Production

(ha) {tonnes)
Wheat 7,344,000 15,983,000
Maize 3,926,000 14,496,000
Soybean 6,648,000 11,013,000
Sunflower 3,048,000 5,021,000
Sorghum 802,000 2,552,000
Potato 101,790 2,275,000

(1) Data from Ediciones Aguilar (1992) and (2) from SAGPyA (1997).

Currently, the use of imported seed is restricted to initial introductions of those cultivars
required by the food processing industry that are not avatlable in the country. For further
information the reader is referred to Caldiz et al. (1999) who recently discussed the evolution of
the seed potato production system in Argentina. Although several authors have discussed the
potato production sifuation in Argentina (Mendibury & Lucarini, 1980; Anonymous, 1989;
Haverkort & Caldiz, 1994; Huarte & Inchausti, 1994, Huarte, 1996), no attempts have been
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made to analyze for each potato producing area the agro-ecological conditions that may
determine, limit or reduce yield. Caldiz (1983) discussed several factors that could affect
production but referred to seed crops exclusively. He concluded that among other production
factors, use of fertilizers and irrigation, planting dates, seed degeneration rate, distance to the
ware production zones and presence of pest and diseases were important. However, in the period
1983-1996 circumstances have changed considerably and both ware and seed potato production
systems merit a renewed, comprehensive analysis to identify future possibilities for yield
improvement. Moreover, in a recent national workshop it was recognized that the degree of
importance of factors limiting and/or reducing growth and yield in the different regions needs to
be identified and the yield reductions caused by these factors need to be quantified (Huarte,
1994). Hence, the purpose of this paper is to analyze the actual potato production in Argentina.
It considers: (1) acreage and production in different areas; (2) agro-ecological conditions in each
of these areas; (3) identification of yield constraints and (4) possibilities for further yield

improvement,

2.1.2. Materials and methods

Although the survey was carried out during 1994/95, all statistics in this paper are the latest ones
available. The data on area, production and yield were obtained from the Secretary of
Agriculture (SAGyP, 1995, SAGPyA, 1997), FAO (FAO, 1995) or were provided by several
local sources from different provinces, such as INTA Extension Agencies and Experimental
Stations belonging to each province (J. Ortego, personal communication, 1994; N. Zamudio,
personal communication, 1994; L. Lanfranconi, personal communication, 1994). These are
presented in tables or figures, and when pertinent, differences between sources are discussed.
Soil data were obtained from the Secretary of Agriculture Soil Maps (SAGyP, 1989; 1950) and
soil classification was done according to the Soil Survey Staff (1992). Long term meteorological
data were obtained from the National Meteorological Service (Servicio Meteorolégico Nacional,
1992) and from FAO (FAQ, 1990). These data were used to characterize the agro-ecological
conditions of each area.

The identification of different factors influencing vield was based on, either local, and
current information, or previous publications, as quoted in the following sections. In potato, as
in other crops, yield is determined or defined by various factors, which were grouped according
to Penning de Vries & Rabbinge (1995). Daylength, incoming radiation, temperature, carbon
dioxide concentration and cultivar are Yield Defining or Determining Factors (YDF) and the

potential yield of a crop depends on them. Water, nutrients and physiological age are Yield
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Limiting Factors (YLF) that can be modified by growers through cultural practices, such as
application of inputs, and determine the gap between potential and attainable yields (Figure
2.1.1). Diseases, weeds and pests are considered Yield Reducing Factors (YRF) and
consequently lead to lower yield when they are present; these factors determine the gap between
attainable and actual yields, For each production area the main YDFs, YLFs and/or YRFs are
mentioned and when pertinent, strategies to improve yield are discussed.

} PRODUCTION SITUATION
» €O,
« Radiation
POTENTIAL  dfining factors + Tempsraure
- ial
A o ctare ™
[« water
limiting factors  » Nutrients
ATTAINABLE < g LoPhysiologiCalage
yield increasing measures >
e reducing facto E
/:_.—,‘_':5__:’-_.-'/‘; ucing IS « Pests
ACIUALC g
| yhldmtingmm>
il il — - *
1500 5000 10000 20000 PRODUCTION LEVEL (kg ha1)

Figure 2.1.1. Overview of actual, attainable and potential yield levels in relation to reducing,
limiting or defining yield factors, Modified from Penning de Vries and Rabbinge (1995).

2.1.3. Results and discussion

Area, production and yield in the country

Since the beginning of the crop in the late 1800s, the area markedly increased to over 200,000
ha during the 1950s. In the following 20 years it decreased by more than 50% and later
stabilised around 120,000 ha. At present the cropping area is 102,000 ha (Figure 2.1.2a). The
production markedly increased to almost 3.1 million tonnes during the 1980s, due to constant
increases in tuber yield per hectare (Figure 2.1.2b), During the period 1872-1922 tuber yield was
almost constant, while in the period 1934-1994 it increased by over 250 kg ha™' yr”'. During the
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period 1934-1990 the average yield increased by 61 kg ha™ yr! for the world and 365 and 144
kg ha! yr' for North and South America, respectively.
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Figure 2.1.2. (a) Evolution of area (A), production (o} and (b) tuber yield (M) in Argentina
during the period 1873-1994.

For Asia and Africa values were 124 and 60 kg ha yr', respectively (FAO, 1995).
Clearly, tuber yields in Argentina increased much faster than the averages, for the world, Asia,
Africa and South America. Yield improvement during the 1980s can be attributed to the

introduction of new cultivars, application of fertilizers and irrigation, and increased controf of

late blight (Phytophthora infestans Mont. De Bary) in the major growing areas (Mendiburu &

Lucarini, 1980), More recently, further yield increases were obtained by the use of virus-free

17



Chapter 2.1

seed and the introduction of new, high-yielding cultivars {(Escarra, 1989; Caldiz & Beltrano,
1992).

Despite these yield increments, the actual national average yield of 20.3 t ha” [22.8 t ha™
for 1995/96, according to recent data form the Secretary of Agriculture (SAGPyA, 1998)] is far
below the potential yicld of the crop for the different regions. For example, in the southeast
region of the Buenos Aires province, which by 1993/94 accounted for 40% of the total potato
acreage (SAGyP, 1995), the average actual yield is 27.3 t ha”, while the potential yield,
estimated according to van der Zaag & Burton (1978) is 88 t ha™! (Cantos de Ruiz, 1988). These

and other yield differences will be analyzed in detail in the following pages.

Area, production and yield in the main potato growing provinces

Seed and ware potato growing areas. Seed crops are grown during summer from October-
November to February-March, either in highland valleys such as Tafi del Valle, Tucuman; Las
Estancias, Catamarca; Sierras Grandes, Cérdoba and Malargiie, Mendoza, or in coastal areas
(Figure 2.1.3), as the southeast of the Buenos Aires province (Haverkort & Caldiz, 1994) and
Tierra del Fuego Island (Caldiz et al., 1999). The cropping area varies from 200 to 1500 ha in
different locations but tuber yields are quite similar in all cases (Table 2.1.2). Probably the early
haulm killing that is practised in this crop is responsible for this situation. Haulm killing is not
common in the ware crop. In Argentina, ware and food processing potatoes are grown during the
whole year in different regions of several provinces. Figure 2.1.3 and Table 2.1.3 show
provinces where the crop is grown, crop type (early, medium early, etc.), actual growing
seasons, area, production, actual average yield and cultivars used in the different areas. It is
surprising to note that despite earlier defoliation of seed crops seed yields are higher than ware
yields. This is probably because (1) seed growers are more highly specialised than ware
growers; (2) the average tuber yield is based on a wide range of production levels including
those from small farmers with low technological level. The most important ware crop is the
medium late one, with a large area and high production and yield in the province of Buenos
Aires. In this crop, higher yields are obtained than in other regions. These results differ slightly
from those proposed by Huarte & Inchausti (1994) for the different zones, but nevertheless
confirm that the actual average yield for the country is around 20 t ha". In‘the medium late crop
several cultivars are grown. According to the most recent reference (Rodriguez Quijano, 1989)
the distribution in the mid-late 1980s was: Spunta (32%), Ballenera MAA (29%), Kennebec
(14%), Huinkul {10%) and other cultivars (15%). In other areas, Spunta is by far the most
dominant cultivar, 85-90% of cropping area (Fernandez et al., 1999).
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Figure 2.1.3. Location of seed and ware potato growing areas in Argentina.

Seed areas (A) : (1) Tafi del Valle; (2) Las Estancias; (3) Malargtie; (4) Sierras Grandes; (5)

southeast of Buenos Aires; (6) Tierra del Fuego. Ware areas (Ml ): (7) Concepcién and Morteros,

early; (8) and (9) Villa Dolores and Cérdoba horticultural belt, respectively, medium early and
late; {10} Tupungato and Uspallata, medium-early and medium-late; (11) and (12) Santa Fe and
northeast of Buenos Aires, respectively, medium early and late; (13) southeast of Buenos Aires

and (14), Rio Negro and Chubut, respectively, medium-late.
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However, the increased interest in processing means that the area of other cultivars with
higher dry matter content, such as Russet Burbank, Atlantic, Frital INTA and Shepody, will
expand at the expense of cv. Spunta. During the last fifteen years the medium early and late
crops have significantly increased, especially in the Cérdoba province where at present, 14,200
and 19,500 ha are grown for the medium early and late crops, respectively (L. Lanfranconi,
personal communication, 1998).

Area, production and yield for the main producing provinces, for the period 1980-1994,
are shown in Figure 2.1.4. In this period the area in Buenos Aires decreased by more than 40%
and total production by a similar proportion. Tuber yields increased at a rate of 800 kg ha™' yr';
the 1994 average yield of 27.3 t ha™ for the province is the country’s highest (Figures 2.1.4a and
b), while recent data established the average yield for the province at 31.04 t ha™ (SAGPyA,
1998). Cérdoba is the second most important potato producing province in the country, and in
the period considered the area increased by more than 165% and the production by 356%
(Figure 2.1.4c), associated with an increase in tuber yield per ha of more than 72% at a rate of
453 kg ha”' yr' (Figure 2.1.4d). Sandy soils allow production of tubers with a good appearance
and thus high price in the market which enhances the growers’ interest in the crop. In Mendoza
the area was reduced but due to a yield increase of 282 kg ha™ yr' the total production was
higher in the 1990s than in 1980 (Figures 2.1.4¢ and f). In Santa Fe area and production also
decreased by more than 40%, while yields per hectare have levelled off since 1989, An increase
of 92 kg ha™' yr'! was recorded over the entire period considered (Figures 2.1.4g and h). The
severe reduction in yield and production in 1981 was attributed to the spread of Railstonia
solanacearum, favoured by the double cropping system and high temperatures (A. Escande,
personal communication, 1981). In Tucumén, a province characterized by its early production
during winter, area and production increased (Figure 2.1.4i), while tuber yields per hectare
increased by 374 kg ha”’ yr’ when data from 1980 with unusually high yields for that time are
excluded (Figure 2.1.4§).

Agro-ecological characteristics of the seed and ware areas and possible yield constraints

An overview of soil characteristics is given in Table 2.1.4. For simplicity the characteristics of
the areas and the possible yield constraints will be analyzed for each province, for the seed and
ware crops separately, and only the most conspicuous and most important cases will be

discussed.
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Figure 2.1.4. (a). Evolution of area (A), production (O0) and (b) tuber yield (M) in the most
important potato producing provinces during the period 1980-1994. References: (a2 and b)
Buenos Aires; (¢ and d) Cordaoba; (e and f) Mendoza; (g and h) Santa Fe and (i and j) Tucuman.

Seed areas
As already mentioned, a detailed description of the seed potato production system in Argentina
is presented elsewhere (Mendiburu, 1986; Caldiz et al., 1999); nevertheless some relevant

aspects are also considered in this paper,

Tafi del Valle, Tucumdn. The area was developed during 1970-1975 and approved as seed area
in 1976 (Rojas et al., 1975; 1979). It is located at 2,000 m above sea level and shows a Monsoon
type climate, with heavy rains occurring during January-February. Main YLF is water
availability during part of the growing season, whereas YRFs are severe attacks of late blight
{Phytophthora infestans) and Rhizoctonia solani. The actual average yield is 25t ha™.

Las Estancias, Catamarca. The valley is located in the area of El Pucari in the Aconquija
Mountains at 1400-1660 m above sea level. Two thousand hectares can be cultivated from the
24,000 ha that form the Pucari. Ground water of high quality is available for irrigation. The area
was developed by potato growers from the area of Concepcién, Tucumdn. It has different
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accesses, either from Concepcién (90 km), Catamarca city (160 km) or Andalgala (120 km).
Fifteen hundred hectares are cultivated with seed potatoes during the summer period (October-
March). Main YLFs are water availability during part of the growing season and unsuitable
physiological age of the seed, while the occurrence of aphid flights and severe attacks of late
blight (Phytophthora infestans) are major YRFs. The actual average yield is 23 t ha” (N.

Zamudio, personal communication, 1994).

Malargiie, Mendoza. Malargie valley is located in the SW of the province at 1,400 m above sea
level and was recognized as a seed potato producing area in 1982 (Chiarlo, 1996). Rivers
originating in the Andean Mountains provide water of good quality for irrigation for an area of
4000 ha. Potato crops are grown during the summer (October-March) in an area of 1,000 ha
with an actual average yield of 19.5 t ha™’. The main YDF is the dry, hot and persistent zonda
wind that reduces thc: ';elati\:'c humidity to less than 15-20%. The main YLF is the physiological
age of the seed due to inadequate storage (J. Ortego, personal communication, 1994) and the
main YRFs are Rhizoctonia solani, Fusarium spp., Streptomyces scabies and the presence of

Meloidogyne spp. in certain fields (Ortego, 1996).

Sierras Grandes, Cordoba. 1t is a new area of 500 hectares where healthy seed potatoes can be
grown, but not much information is available about it. In this area potatoes are grown between
1,100-2,100 m above sea level in Yacanto de Calamuchita, Pampa de Achala, Pampa de San
Luis, Pampa Olaen and Pampa del Pocho (L. Lanfranconi, personal communication, 1998).
Another seed area is located to the north of Sierras Grandes in Ongamira (1,100-1,300 m above
sea level). The seed can be used for the medium early crop planted in the horticultural belf of
Cdrdoba and the Villa Dolores area with minimum costs of transport. In the future, lack of

storage facilities in the area might become a problem.

The southeast of the province of Buenos Aires. At present seed potatoes are grown in San
Cayetano and Tres Arroyos counties, where sea-winds are prevailing. Annually, 1,400 ha of
seed potatoes are grown with an actual average yield close to 30 t ha™'. Good soil quality (Table
2.1.4) and favourable environmental conditions enhance the production of high yielding crops.
The area is one of the leading areas regarding technological development; technological
progress was recently enhanced due to demands from the potato processing industry regarding

the use of new cullivars and seed quality. Better efficiencies of water and fertilizer use could
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probably improve actual average yield. A YRF, concerning seed potato health is the ocassional

presence of different aphids, responsible for virus transmission.

Tierra del Fuego Island. This is an isolated area in the southern part of the country with a
characteristic oceanic cold climate. Occidental and persistent winds are predominant in the
Magallanic Steppe, an arid environment, where only 10 ha have been grown in the José
Menéndez farm. A recent paper by Caldiz et al. (1999) demonstrated, after three years of
research, that the area is free from nematodes and the aphid population is very low. Crops must
be grown from mid October-January in order to escape frosts. Main YDFs are long days during
the summer period which delay tuber initiation, and risk of frost during the growing period. In
the Rio Grande area the persistent west wind damages foliage and scarce rainfall, less than 300
mm yr'l, limited crop growth. The use of pre-sprouted and physiologically old seed is a pre-
requisite to achieve acceptable tuber vield in such a short growing season and no YRFs have
been identified. The results of Caldiz et al. (1999) indicated an average yield of 22 t ha™".

During the period 1960-1985 the cultivars Huinkul MAG and Ballenera MAA accounted
for more than §0% of the Argentinian market, These cultivars have a long absolute dormant
period (Caldiz, 1994), which allows them to be stored in heaps in the field. The situation
changed when cv. Spunta was introduced, because seed tubers of this cultivar must be stored at
2-4 °C to reach the new planting season with a suitable physiological age (Caldiz et al., 1984,
1986). Hence refrigerated, and refrigerated and forced ventilated stores were developed. Actual
seed storage capacity in refrigerated stores is-37,450 tonnes while in refrigerated and forced
ventilated ones it is 40,850 tonnes (Caldiz, 1996a). However, this capacity is being continually
and permanently increased, particularly because many growers or seed companies build their

own stores.

Ware areas

Tucumdn. In this province, ware production is mainly carried out at the sites of Concepcion,
Morteros, Aguilares and Famailla at an altitude of 300-600 m above sea level. Local informers
estimated yield to be approximately 16 t ha™'. Three crops are grown: early (June-October);
medium early (August-December) and late (February-June). In the early planting the YDF is the
length of the growing season which is reduced by low temperatures at planting and high
temperatures and heavy rains at harvest. For this crop, the YLF is the physiological age of the
seed produced in the mountains (Tafi del Valle, Tucuméan) in the medium late crop (October-

March); the seed is too young to be successfully used in the early crop. A breeding programme
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carried out by INTA and the Obispo Colombres Experimental Station is trying to obtain new
cultivars with a short absolute dormant period and early sprouting (Huarte, 1989). For the
medium early crop the main YDF is the occurrence of heavy rains at harvest which shortens the
growth cycle and consequently reduces tuber yield and the main YRF is the occurrence of
Phytophthora infestans. Therefore, average yields for the ware crop were only 15.6 t ha™ (N.
Zamudio, personal communication, 1994) with a recent increase to 19.2 t ha™ (SAGPyA, 1998).

Cordoba. This province is located in the semi-arid region of Argentina. The area surrounding
the capital lies at 300-600 m above sea level and is known as the horficultural belt,
(Lanfranconi, 1994). The area of Villa Delores is at 600-900 m above sea level and soils are
Torriortentic Haplustols from loessic origin, with eolic erosion during the winter dry period (C.
Del Caso, personal communication, 1994), Both areas, the horticultural belt and Villa Dolores,
are producing potatoes in autumm and spring, in a double cropping system, typical of
mediterranean areas (Fahem & Haverkort, 1988). YDFs for this system are, for the late crop:
long days and high temperatures at planting, and low temperatures and low irradiance at the end
of the growing season, which reduce tuber growth. For the medium early (spring) crop YDFs
are: short days at planting and high temperatures at the end of the crop and harvest, which cause
severe losses in tuber quality and reduce storability of the tubers. YLFs for the late crop are: use
of physiologically young seed, which leads to variable emergence, a problem enhanced by the
use of cut seed and high temperatures at planting. In many cases whole potato fields must be re-
planted (C. Del Caso, personal communication, 1994). Another limiting factor for the Villa
Dolores area is the lack of arable land to improve crop rotation. The fand use is currently
dominated by rotations of winter cereals and grasslands and in Colonia Tirolesa located in
Cérdoba HB around 4,000 ha of potato are planted without irrigation within this rotation (L.
Lanfranconi, personal communication, 1998). Clearance of new land in Villa dolores area is
expensive and therefore the frequency of potato growing on the same piece of land is high. In
many fields two potato crops are planted in the same field per year. YRFs are limited to the
presence of Meloidogyne spp. (Villa Dolores), the perennial weeds Sorghum halepense (Villa
Dolores) and Cyperus rotundus (horticuitural belt), Rhizoctonia solani in the medium early crop
and bacterioris in the late crop and to normal attacks of Alternaria solani and P. infestans. The
actual average potato yields are 25 and 18 t ha”, for the spring and autumn crop, respectively
(C. Del Caso, personal communication, 1994), but for the late crops attainable yields of 40 t ha™
have been achieved (Caldiz et al., 1997).
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Mendoza. This province is located in the western region of the country, in the area of the
Andean Mountains. Ware crops are planted in two areas: Tupungato and Uspallata, in three
different seasons: a medium early (August-December} and a medium late cropping season
{December-March) in the lowlands of the area and an intermediate cropping season (October-
January) in the highlands. Average yields for both zones are 20 t ha'' (J. Ortego, personal
communication, 1994). The main YLF is physiological age of the seed, due to lack of adequate
storage systems. Storage in heaps in the field produces poor results, mainly in the case of cv.
Spunta which is sensitive to physiological aging (Caldiz et al., 1984). Cold stores available are
designed for fruits (apples, pears) and not for potatoes. Another YLF is the narrow rotation with

nutrient demanding crops like carrot, garlic and onion.

Buenos Aires. The main area for potato production is located in the southeast region of the
province between the mountain systems of Tandil and Ventania. The crop is grown during the
summer period (October-March) and belongs to the medium-late type, as in other regions, such
as Mendoza, Chubut and Rio Negro. Probably one of the main factors limiting yield is the
physiological age of the seed, either because it is inadequately stored or because it comes from
different origins (Caldiz et al., 1984; Caldiz, 1991; Caldiz & Fernindez, 1995}. Another factor is
the inefficient use of irrigation water. High temperatures during harvest (February-March) may,
occasionally, reduce tuber quality and the shortage of storage capacity for the seed of early
sprouting cultivars, such as Spunta and Kennebec, increases storage losses (Escande et al., 1985;
1986). In this area vertical soil tillage and use of crop residues to improve soil structure and
keep soil moisture are increasing, while, due to the requirements of the food processing industry
to avoid tuber greening, row distance is being modified to 0.85-0.95 m (Huarte, 1996). Huarte &
Inchausti (1994) quoted an average tuber vield for the area of 30 t ha™.

Rio Negro and Chubut. In these two provinces potatoes are grown during the summer period in
the valleys of Rio Negro and Chubut rivers. In Rio Negro the crops are located arcund Choele
Choel in the mid-valley. Sandy soils are suitable for potato production but they are low in
organic matter and nuirient content and affected by wind erosion. Hence, irrigation and
fertilization management are crucial to achieve high vields. Due to daylength (>18 h),
temperature amplitude and high irradiance tuber dry matter percentages are higher than in other
production areas. For example, in cv. Russet Burbank values of 23% dry matter were found
while in other areas the average for this cultivar is around 20%; under these conditions yields
higher than 40 t ha™' were achieved (D.O. Caidiz, unpublished). At present 350 ha for the
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