Introduction to
potato production

H.P. Beukema and D.E. van der Zaag

¢ Pudoc Wageningen 1990

/§/V: 4’?? 7/

-

[/{ Ib Li(_}ﬁ"{,(i‘i -y O
v



CIP-Data Koninklijke Bibliotheek, Den Haag
Beukema, H.P.

Introduction to potato production /| H,P. Beukema and D.E. van der Zaag. -
Wageningen : Pudoc. - 11l

With ref.

ISBN 90-220-0963-7 bound

SISO 632.4 UDC 633.491 NUGI 835

Subject heading: potato production.

ISBN 90-220-0963-7
NUGI 835

The student edition of this book, distributed by the International Agricultural Centre,
Wageningen, is not for sale.

Cover: Fred Helfrich, Deventer.
Photograph: CABO Photografic Service, Wageningen.

© Centre for Agricultural Publishing and Documentation (Pudoc), Wageningen, 1990,

No part of this publication, apart from bibliographic data and brief quotations
embodied in critical reviews, may be reproduced, re-recorded or published in any
form including print, photocopy, microfilm, electronic or electromagnetic record
without written permission from the publisher: Pudoc, P.O. Box 4, 6700 AA Wage-
ningen, the Netherlands.

Printed in the Netherlands.



Contents

12 Foreward
T Fodv @
13 1 The potato throughout the world, with special reference to the tropics
and sub-tropics
13 1.1 Distribution
13 1.2 Recent developments in production -
14 1.3 Utilization
16 1.4 Production systems
i3 1.5 Production cost
19 1.6 Farm and consumer prices
21 1.7 Potatoes in comparison with other foodstuffs
21 1.8 Passibilities to increase potato consumption in the tropics and
sub-tropics
23 1.9 Estimates of potential yield in the temperate zones and in the
tropical and sub-tropical zones
25 2 The potato plant
25 2.1 Haulm
26 2.2 Roots
27 2.3 Tubers
28 23.1 Skin
29 2.3.2  Cork and wound-periderm formation
30 2.4 Sprouts
32 3 Dormancy and sprout growth
32 3.1 Dormancy
32 3.2 Length of dormancy
32 3.2.1 Variety
32 3.2.2 Maturity of the tuber
33 3.2.3 Field and weather conditions during growth
34 3.2.4 Storage conditions
34 3.2.5 Injuries
35 3.3 Initiation of sprout growth
35 3.4 Sprout growth
35 3.4.1 Physiological stage of the tuber
37 3.4.2 Growth rate of sprouts and physiological age of the seed
38 3.4.3 Growth rate and de-sprouting
38 3.4.4 Growth rate of sprouts and temperature



39
39
39
39
41

42
42
42
42
42
43
44
46
47
50
52
53
53
53
53
54
54
56
56
56
56
57
57
57
57
58
58
58
58
60
60

61

61

62
63

65
65

3.4.5 Humidity and sprout growth
3.4.6 Light and sprout growth
3.4.7 Variety and sprout growth
3.4.8 Tuber size and sprout growth
3.5 Growth vigour

Crop ecophysiology

4.1 Introduction

4.2 Production determining factors

4.2.1 Photosynthesis

4.2.1.1 Introduction

4.2.1.2 Temperature

4.2.1.3 Light intensity and light interception

4.2.14 Leaf age

4.2.1.5 Carbon dioxide concentration

42.2 Respiration

4.2.3 Partitioning of assimilates

4.3 Factors determining growing pattern

4.3.1 Introduction

4.3.2 Pre-emergence and emergence

4.3.3 Haulm growth - tuber growth

4.3.4 Factors affecting haulm growth and tuber growth

4.3.4.1 Day length and temperature

4,342 Light intensity

4.3.4.3 Physiological age of the seed

4,344 Plant density

4,3.4,5 Nitrogen and water

4.3.4.6 Varieties and species

4.3.4.7 Growth regulators

4.3.5 Interaction of factors influencing the growth pattern

4.3.6 Flowering

4,4 Tuber yield

4.4.1 Introduction

4.4.2 Tuber yield expressed as daily production and number of days

4.4.2,1 Daily production

4,422 Number of production days

4.4.3 Tuber yield explained in terms of intercepted PAR, utilization
coefficient of foliage, harvest index and tuber dry matter

A method for calculating tuber yield

5.1 Methods for simulating crop growth and/or calculating tuber
yield

5.2 Explanation of this simple model for calculating tuber yield

5.3 An example of how to calculate tuber yield, cumulative light
interception and utilization efficiency of foliage

5.4 Application of the model

5.4.1 Calculating potential yield



66
67

69
69
70
71
71
72
72
73
73
73
73
74
74
76

77
77
79
80
80
81
g1
82
83
83

85
85
85
87
87
38
88
88
89
89
89
89
90
90

92
92
94
95

5.4.2 ldentifying production contrains in a region
5.4.3 Explaining differences in yield in field experiments

Marketable yield and plant population

6.1 Yield and tuber size

6.2 Plant density and tuber size

6.3 Plant density and seed rate

6.3.1 Number of sprouts per seed tuber

6.3.2 Potential number of sprouts and plant density
6.3.2.1 Number of sprouts planted and number of main stems
6.3.2.2 Sprout damage and number of stems

6.3.2.3  Soil conditions and number of stems

6.4 Distribution of stems

6.4.1 Seed size and distribution of stems

6.4.2 Row distance and distribution of stems

6.5 Optimum density - seed rate

6.6 Density and multiplication rate

Seed requirements - seed treatment

7.1 Standards of health in relation to virus diseases
7.2 Seed size - sorting and grading

7.3 Physiological age and storage of seed

7.4 Temporary storage of seed

7.5 Breaking dormancy

7.6  Seed cutting

7.6.1 Measures to prevent seed piece decay

7.6.2  Seed cutting in practice

7.7 Pre-sprouting

Soil requirements: seed bed preparation, planting and ridging
8.1 Impermeable layers

8.2 Emergence and seed bed

8.3 Planting depth and emergence

8.4 Planting depth and covering the developing tubers with soil
8.5 Seced bed preparation

8.6 Ridging and time for final earthing up

8.6.1 Soil moisture and soil temperature

8.6.2 Weed control

8.7 Planting and ridging systems in the Netherlands

8.7.1 Light soils

8.7.2 Medium Light soils

8.7.3 Medium heavy soils

8.8 Planting and ridging in other regions

Manuring

9.1 Nutrients affecting yield and quality
9.2 Placing fertilizers

9.3 Farmyard manure



97
97
97
97
98
59
99
102
103
106
106
106

108
108
108
108
109
110

111
L11]
113

114
114
114
115
116
118
118
120
120
120
121
121
122
123

124
124
124
124
125
125
125

10

I1

12

13

Water supply

10.1 Effect on growth, yield and tuber quality

10.1.1 Period between planting and emergence

10.1.2 Period between emergence and beginning of tuber growth
10.1.3  Period after the beginning of tuber growth (bulking period)
10.2  Amount of water needed

10.2.1 Evapotranspiration and transpiration

10.2.2  Amount of soil water available for crop growth

10.2.3  Water supply to replenish soil moisture used

10.3 Irrigation systems

10.3.1 Furrow irrigation

10.3.2 Sprinkler irrigation

Specific weather conditions affecting yield and quality
11.1 Hail and night frost

11.2 High temperatures

11.2.1 Second growth

11.2.2 Internal brown spot

11.2.3 Black heart

Tuber quality

12.1 Dry matter content

12.1.1 Variation in dry matter content between tubers of the same
batch

12.2 Reducing sugar content

12,21 Variety

12.2.2 Degree of maturity of the tubers

12.2.3  Growing conditions

12.2.4 Storage temperature

12.2.5 Physiological development of tubers

12.3 Dhuscolouration after peeling and black spot

12.4 Discolouration after cooking

124.1 pH

12.4.2 Ratio of citric acid to chlorogenic acid

12.4.3  Factors influencing discolouration

12.5 Glycoalkaloids

12.5.1 Variety

12.5.2 Conditions and circumstances influencing the SG content of
tubers

Disease and pest control systems

13.1 Disease and its control

13.1.1 Integrated control of diseases

13.1.2 Reduction of crop losses

13.1.3 Preventing the introduction of diseases
13.2 General methods of disease and pest control
13.2.1 Cultural practices



126 13.2.1.1 Soil tillage, planting and ridging methods

126 13.2.1.2 Seed preparation

127 13.2.1.3 Water supply: drainage and irrigation
127 13.2.1.4 Roguing and haulm destruction

128 13.2.1.5 Harvest, handling and storage methods
128 13.2.2  Use of clean seed

128 13.2.3  Tuber disinfection

128 13.2.3.1 Pre-storage treatment

129 13.2.3.2  Wet treatment of tubers

129 13.2.3.3 Fumigation of tubers

129 13.2.3.4 Dusting tubers at the time of planting
130 13.2.4 Soil treatment

130 13.2.5 Foliar application of fungicides

131 13.2.6 Rotation

131 13.2.7 TIsolation

131 13.3 Control of virus diseases

133 13.4  Insect control

134 14 e

134 41 Time of harvest

135 142 Haulm destriction

136 14.2.1 Methods of haulm destruction

137 14.2.2 - Stem end and vascular ring necrosis

137 14.3 Harvesting operations, transport and storage
138 14.3.1 Time between lifting and collection
138 14.3.2 E\Damage during transport and grading
139 15 Storage principles

139 15.1 Methods and duration of storage

140 15.2  Storage losses and storage requirements
140 15.2.1 Evaporation losses

141 15.2.2 Respiration losses

142 [5.2.3 Sprout growth losses

142 15.2.4 Losses caused by fungi, bacteria and insects
143 15.2.5 Physiological stage

143 15.2.6 Chemical composition

144 15.3 ‘Aspects’ affecting the keeping quality of tubers
144 15.3.1 Tuber quality and skin

144 15.3.2 Ventilation

148 15.3.3 Temperature

148 15.3.3.1 Storage in the soil

149 15.3.3.2 Naturally ventilated stores

150 15.3.3.3 Qutside air cooling with forced ventilation
151 15.3.3.4 Refrigeration

152 15.3.4 Moisture and humidity

153 153.5 Light

154 15.3.6 Chemicals

154 15.4 Storage methods and storage capacity



155
155
155
157
159
160
160

161
161
162
163
164
164
165
168
168
169
169
169
170
171
171
172
173
173
174
175
176
176
176
176
178
178
179
179
179
180
181
182
182
183
184
184
184
185
185

16 Seed potatoes: quality, use, supply and production

16.1  Quality

16.1.1 Mulitiplication rate and degeneration rate

16.1.2 Physiological age and storage of seed

16.1.3 TFungal and bacterial diseases, nematodes

16.2  Seed use and supply

16.2.1 Methods of improving and/or maintaining seed stocks at
farm level

16.2.1.1 Adjustment of planting seasons

16.2.1.2 Selection

16.2.1.3 Disinfection of seed

16.2.2 Seed sources

16.3 Seed programmes

16.3.1 ‘Complete’seed programmes versus ‘incomplete’ programmes

16.3.2 Organization of a seed programmte and its objectives

16.3.3 The seed market and seed quantity and quality

16.3.4 Management, production and storage

16.3.5 Seed quality and rational use

16.4 Basic seed production

16.4.1 Clonal selection

16.4.2 Rapid multiplication

16.4.3 Muitiplication in test tubes {in-vitro multiplication)

$l6.4.4 True potato seed (TPS})

16.5 Seed potato production and virus diseases
16.5.1 Infection sources and isclated areas
16.5.2 Low vector population

16.5.2.1 Aphid population

16.5.3 Vector control

16.5.4 Mineral oils

16.5.5 Maturity resistance

16.5.6 Resistant varieties

16.6 Seed quality and inspection

16.6.1 Field inspection

16.6.2 Laboratory tests

16.6.3 Post-harvest control

16.6.4 Bulk inspection

16.6.5 Verification plots, check plots or control plots
16.6.6 Seced inspection regulations

16.6.7 Seed certification in the Netherlands
16.6.7.1 Plant quarantine regulations

16.6.7.2  Quality of seed planted

16.6.7.3 Field inspection and additional laboratory tests
16.6.7.4 Lifting dates — haulm destruction dates
16.6.7.5 Post-harvest control

16.6.7.6 Bulk inspection - certification

16.6.7.7 Verification plots

16.6.8 Development of seed tolerances



186
186
187
187
187
188
139
190
190
191
192
192
193
194
195
195
195
196
196

196
196
197
197
197
198
198
199
200
200
200

201

206

208

17 Varieties and breeding
17.1 Developments in potato breeding
17.2  Vegetative reproduction
17.3  Phenotype variation
17.3.1 Tetraploids
17.3.2 Diploids
17.3.3  Wild and primitive potato species
17.3.4 Environmental variation
17.3.5 Expected progress in breeding
17.4 Breeding objectives and choice of parents
17.5 Flowering, pollen and seed
17.6  Selection procedures
17.7 Breeding methods :
17.7.1 New.methods and techniques’
T7.8 " Varieties and their properties
17.9 Determination of characteristics
17.9.1 Indirect evaluation
17.9.1.1 Yield characteristics
17.9.1.2 Tolerance of weather conditions and physiological dis-

orders

17.9.2 Direct tests
17.9.2.1 Potato leaf roll virus
17.9.2.2 Field resistance to viruses X, S, M, Y
[7.9.2.3 Immunity to viruses A, X and Y
17.9.2.4 Virus tolerance
17.9.2.5 Resistance to common scab
17.9.2.6 Late blight resistance
17.10  Variety testing programme
17.10.1 Preliminary trials
17.10.2 Regional trials
17.10.3 Introductory trials

References
Appendices

The authors



Foreword

The contents of this book are similar to the syllabi used in the International Potato
Course, mainly intended for students from tropical and sub-tropical countries, which
is organized annually by the International Agricultural Centre at Wageningen. Soon
after the start of the Course in 1972 wider interest was expressed in these syllabi.
Therefore it was decided to bring them together in a book in a revised edition.

After 9 years the first edition is out of print. In this second edition some new
chapters have been added, some chapters have been drastically revised and in various
other chapters only a few minor alterations have been introduced, However, the
purpose of this book has not changed. It is still the intention of the authors that the
bock should help the reader to discover the most important factors which influence
the production and development of the potato crop and to comprehend their inter-
action. For it is only with an adequate understanding of and insight into the crop that
reliable proposals for crop improvement can be made. Review literature has been
restricted as much as possible to prevent the reader from being unable see the wood
for the trees. If he or she needs more information about literature on a specific topic,
the existing potato handbooks should be consulted. We believe that our publication
does not compete with them, but will serve as a supplement to these handbooks and
to existing practical guides for potato production. At least that was our intention,
although we have to admit that some chapters more closely resemble the syllabus than
others with the consequence that some topics are discussed on more than one place.
Nevertheless, we hope that this revised publication will also find its niche.



1 The potato throughout the world, with special
reference to the tropics and sub-tropics

1.1 Distribution

After maize the potato is the most widely distributed crop in the world. It is grown
in about 140 countries, more than 100 of which are located in the tropical and sub-
tropicai zones. HowEver, most production is still concentrated in the temperate
regions in the industrialized countries. Almost a third of the crop is produced in
developing countries, dm‘I € countries in Asia (table 1).

The potato originates from the mountains of South America where it has been an
important food crop for a long time. In the 16th century the potato was introduced
to Europe as a curiosity. Gradually it became a food crop, especially when varieties
were selected which were adapted to the long day conditions. In the 18th and 19th
centuries it was already an important food crop, especially for the poor in various
countries in Europe. In North Americatoo, where immigrants from Europe had taken
tubers along with them, it found its place among other food crops. During the 19th
century the potato was introduced to several tropical and sub-tropical countries,
mainly by colonists from Europe.

In more recent years the potato has spread to many countries with warmer and dr"er
climates and it has become important in regions such as North Africa, the plains of
India, Bangladesh and Pakistan, Central America, Chile, Argentina, Uruguay and the
coastal plains of Peru.

1.2 Recent developments in production

During the last decade the total area of the world cropped with potatoes has
decreased slightly. The area decreased in Western Europe, but remained fairly stable

Table [. Potato production throughout the world {(FAO Production Yearbook, 1986).

Number of Production
countries (106°% tonnes)
World 129 309
Countries with market economies
industrialized countries 27 74
developing countries %0 38
Countries with centrally planned economies
Europe (incl. USSR) 8 150
Asia 4 47

13
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Fig. 1. Land area in potatoes and potato production in countries in the Northern Hemisphere
with market economies and in centrally planned economies (CPE)} 1974/76-1984/86 (3-year
moving averages; 1974/76 = 100; based on data from FAQ Production Yearbooks). N.A. =
North America; W.E. = Western Europe; E.E, = Eastern Europe (CPE).

in Asian countries with centrally planned economies (CPE) (fig. 1) and increased
considerably in the developing countries with the exception of Latin America (fig. 2).

During this period total production in Europe and North America did not change
much (fig. 1), but increased considerably in the developing countries {figures | and
2). The greatest increase in production occurred in Asia and Africa. Total production
almost doubled in the Asian countries with market economies., This increase in
production is partly due to increases in yield and area (e.g.in Asia) or only due to an
increase in yield (e.g. in Europe, North America and Latin America) or only due to
an increase in area (e.g. in Africa),

1.3 Utilization

Less than half of the total potato production is used for human consumption (table
2). In 1982 almost a third was still used for stock feed, mainly in Eastern Europe
{Poland and USSR). Potatoes for st;}f“: %production are concentrated in the Nether-
lands, Eastern Furope and Japan. The use of potatoes for alcohol production is
negligible.

The large amount of potatoes used for fodder is also demonstrated by the big
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Fig. 2. Land area in potatoes and potato production in developing market economies
1974/76-1984/ 86 (3-year moving averages; 1974/76 = 100; based on data from FAQO Produc-
tion Yearbooks). F.E. = Far East,; N.E. — Near East, L.A. = Latin America.

difference in potato production and consumption per head of population in Eastern
Europe (table 3). Production per capita is still low in the developing countries
particularly in Africa and the Far East. Consequently, consumption per capita is also
low in these regions but is increasing in most developing countries. In Western Europe
and North America consumption per capita has decreased, but has remained fairly
stable during the last decade. In Eastern Europe consumption per capita is higher than
in Western Europe but seems to have decreased slightly.
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Table 2. Utilization of the world potate crop (van der Zaag & Horton, 1983; based on data from
CIP, 1982).

Use Quantity (10° tonne) Percentage of total
Human consumption 126 45
Stock feed 88 3
Seed 39 14
Starch 6 2

Table 3. Potato production and consumption (in kg) per capita 1980/ 82 (Horton & Fano, 1985).

Production Consumption
World 66 28
Developed market economies 39 55
North America 69 54
Western Europe 129 73
Oceania 62 32
Developing market economies 15 11
Africa 9 7
Latin America 31 23
Near East 29 22
Far East 10 7
Centrally planned economies 126 18
Asia 54 28
Eastern Europe (incl. USSR) 331 94

1.4 Production systems

In the industrialized countries, particularly in North America, and in most coun-
tries of Western Europe, potato production has been almost completely mechanized.
One hectare of ware potatoes {50 tonnes) can now be produced and stored in about
20-40 man hours only, whereas some 30 years ago, one hectare (30 tonnes) required
over 200 man hours. This reduction in labour was coupled with heavy investment in
machines and stores. Another consequence of this mechanization is the concentration
and specialization of the crop on special farms and in certain regions.

In Western Europe potato production has greatly decreased e.g. in West Germany
and France, but it has increased in the Netherlands. Approximately two thirds of the
Netherlands® total production is exported in fresh or processed form.

There is a wide variation in production systems in the developing countries,
depending on local growing and market conditions. In the Andes, Central Africa and
the Himalaya region, the potato is produced usually by small subsistence farmers who
grow less than 1-2 ha on a number of small scattered fields. In these areas a typical
rainfed crop is often subject to poor weather conditions such as drought, heavy rains,
frost, hail and typhoons. Part of the crop harvested is kept for seed. In regions where
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potatoes are relatively cheap, which is usually the case at high altitudes, a large
proportion of the crop is stored in a very simple way and used for home consumption.

In regions where potatoes are relatively expensive, such as in Central America and
South East Asia, the farmers sell a large proportion to purchase cheaper food with
the earnings and possibly means to improve crop production. This is certainly the case
in regions where the crop is irrigated e.g. North Africa, the plains in India, Bangladesh
and Pakistan. Owing to its short growing season the potato plays an important role

.in:
- several vegetable production regions e.g. in Sri Lanka
- in ¢rop rotations with rice and wheat e.g. in the Punjab in India
- in intercropping with beans, maize and sugar cane (c.g. on Mauritius).

The potato is not a suitable crop for the hot and humid lowlands where temperature
is high the whole year round.

On the upper slopes of the Andes old varieties (usually S. andigenum) with a long
vegetative period are used. These varieties are highly resistant to Phytophthora
infestans and are able to regenerate when damaged by extreme weather conditions
such as frost or hail. Moreover, the field of crop which is used for home consumption
1s very often planted with a mixture of several varieties. In Colombia it has been
proven that by crossing with S. ruberosum, varieties can be developed with a shorter
growing period which are still suitable for production in the mountains. In most
regions of the world varieties are used with a rather short vegetative period, partic-
ularly in the tropics and sub-tropics where under short day conditions the vegetative
period of the imported varieties from the temperate zones becomes even shorter.

In comparison with other food crops the production of the potato, expressed in
dry matter, energy or protein per hectare and per day, is high (table 4). With regard
to energy efficiency the potato may well be the best crop in the tropics and sub-tropics
and it is probably one of the best crops for protein production. Owing to its short
vegetative period (under short day growing conditions usually less than 100-120 days)
and its high efficiency in producing energy and valuable protein it is a favoured crop
in rotations where a short growing period fits in well.

Table 4. Topranking food crops in terms of production of dry matter, edible energy and protein
in developing market economies {Horton & Fano, 1985).

Rank Dry matter (t/ha) Energy (MJ/ha per day} Protein (kg/ha per day)
! Cassava 3.0 Potatoes 216 Cabbages 2.0
2 Yams 24 Yams 182 Dry broad beans 1.6
3 Potatoes 22 Carrots 162 Potatoes 1.4
4 Sweel potatoes 2.1 Maize 159 Dry peas 1.4
5 Rice 1.9 Cabbages 156 Eggplants 1.4
6 Carrots 1.7 Sweet potatoes 152 Wheat 1.3
7 Cabbages 1.6 Rice 151 Lentils 1.3
8 Bananas 1.5 Wheat 135 Tomatoes 1.2
9 Wheat 1.3 Cassava 121 Chickpeas 1.1

10 Maize 1.3 Eggplants 120 Carrots 1.0
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1.5 Production cost

It is very difficult to make a correct comparison of production costs between regions
or countries. This is due to the wide variation in production conditions and produc-
tion systems and by differences in methods of calculating these costs, Nevertheless it
1s evident that in the developing countries as a whole, the production cost per unit
of energy and protein for potatoes is on average itwo or three times higher than for
rice or wheat (bread), whereas in an industrialized country such as the Netherlands,
these costs are only slightly higher for potatoes than for wheat or sugar beet (sugar)
(tabie 5).

Some information about the structure of the production costs may be useful. Table
6 gives some indication about this, In the six developing countries mentioned in this

Table 5. Production cost and consumer price of potatoes and some other foods (in US $}in 1981
(partly after van der Zaag & Horton, 1983).

Yield Production cost Consumer price'

{t/hay  ~-———~--——-"-—"————— —— - -—— ———

(ha) energy  protein  energy  protein
(10°k) (kg) (10 k)y  (kg)

Developing countries

Potatoes 10.5 1520 47 7 114 18
Wheat (bread) j (i’ 1.4 250 14 2 47 5
Rice 2.1 380 18 4 52 It
Netherlands
Potatoes 45 2500 18 3 95 15
Wheat (bread) 6.5 1400 17 2 116 13

Sugar beet (sugar) 50 1900 14 - 52 -

1. Edible part of the foods.

Table 6. Cost structure {or the potato crop in some selected countries (van der Zaag & Horton,
1983).

Structure Peru Colombia Bangla- India Kenya Rwanda Netherlands!
desh

Labour 16 34 20 18 54 62 20
Equipment

(incl. fuel} 10 6 15 6 6 0 38
Seed 29 24 36 45 21 38 20
Fertilizers

chemical 14 22 26 18 4 0 12

arganic 14 4] 2 9 8 0 ]
Pesticides 17 14 ! 4 7 0 10

I. Fixed costs not included.
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table, labour and seed potatoes form the major costs (34 % and 32 % respectively),
whilst in the Netherlands the cost of equipment predominates.

1.6 Farm and consumer prices

Obviously a crop which is liable to wide variation in yield and which cannot be
easily stored well in a hot climate, will show wide variations in farm and consumer
prices. In almost all developing countries where potato production is of some impor-
tance, prices drop sharply at harvest time in spite of growing more than one crop per
vear (fig. 3).

Nevertheless, the farm price as a percentage of the retail price seems to be much
larger in developing countries than in some industrialized countries (table 7).

As the consumer (or retail) price can vary greatly even in one region, it will be
difticult to make a correct comparison between the consumer price of potatoes and
some other foods for different parts of the world. However, table 8 gives the reader
at least some indication about the price ratio between potatoes and other foods in
various parts of the world, As bread or wheat flour is often subsidized and, moreover,
as in most developing countries potatoes must be considered as a vegetable, it is better
to compare potato prices with vegetable prices (table 9). Potatoes appear to be much
cheaper than most common vegetables.

SH/BAG
120

110

80

Harvest 2m  3m  4m Smy Harvest 2m 3m 4m 5m,

8Q -

R TR Y TN
wWeeks

Fig. 3. Average constant weekly wholesale prices for potatoes in Wakulina market, Nairobi
1973-77 (1two-week moving average) (source: Ministry of Agriculture in Kenya, published by
Durr & Lorenzl, 1980).

Table 7. Farm price as a percentage of retail price in selected regions and countries {number of
countries between brackets) based on FAO, unpublished; [LO, 1978; van der Zaag & Horton,
1983).

Africa (10) 52 Far East (7) 61
Latin America (6) 69 North America (2) 22
Near East (2} 54 The Netherlands 33




20 INTRODUCTION TO POTATG PRODUCTION

Table 8. Average cost (in US $) of 10° kJ food energy and | kg protein from potatoes, bread and
rice 1977 (number of countries between brackets) {van der Zaag & Horton, 1983).

Potatoes Bread Rice

N m e e e e e

7
energy / protein  energy protein  energy  protein
>

Developed countries

USA 129 20 90 10 56 11
Western Europe (14) 87 14 i03 12 79 16
Eastern Europe (4) 126 20 83 9 85 17
Developing countries
Africa (20) 171 27 61 7 50 10
Latin America (13) 129 20 77 9 40 8
Near East (4) 142 22 34 4 61 12
Far East (9) 90 24 61 7 24 5

Table 9. Relationship between the average consumer price of potatoes and some other selected
vegetables in the capitals of several developing countries (number of cities on which the price is
based is given between brackets) (Preise und Preinsindizes im Ausland, Rethe 11, 1984).

Vegetables Consumer price per unit

fresh weight energy protein
Potatoes (10) 100 100 100
Tomatoes (%) 193 911 186
Onions {9) 157 284 314
Carrots (6) 119 338 238
Cabbages (5) 139 439 139

Why is the retail price ratio of potatoes, as expressed in terms of energy and protein,
with other staple foods so much higher in developing countries than say, in the
Netherlands (tables 5 and 8)? It seems very likely that the relatively high production
cost of potatoes in most developing countries is the main reason for this fairly high
consumer price and that this high price is largely not caused by a high marketing
margin (table 7), as is often supposed. Differences in the position of the potato crop
in the various growing regions are so wide that after this very general description and
conclusion, a more specific description would be useful.

In the uplands of the tropics and sub-tropics the potato is usually the main food
crop and can compete easily 1n price with other foodstuffs.

In the irrigated regions at harvest and shortly thereafter the potato 1s competitive
in price with non-subsidized staple food, e.g. with rice in Bangladesh. After this period
the potato should be considered as a vegetable.

In several regions where the potato has been introduced recently, the potato is still
often a luxury vegetable, but with the potential to become a cheap vegetable provided
that the production conditions are not marginal.
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1.7 Potatoes in comparison with other foodstuffs

From the point of view of nutritive vaiue the potato is competitive with other
foodstuffs (table 10). The reader is referred to “The potato in the human diet’ by
Jennifer A. Woolfe for further information.

1.8 Possibilities to increase potato consumption in the tropics and sub-tropics -

In the industrialized countries potate consumption has decreased with increase in
income. But for the 51 developing countries with a low consumption per capita it has
been estimated that potato consumption will increase by about 2% if the price
decreases by 1 %, and that consumption will increase by the same percentage as the
increase in income (van der Zaag & Horton, 1983). A decrease in the retail price
should be accomplished by reducing the production cost per unit weight, which can
be done in two ways: by reducing production cost per ha while maintaining yield and
by increasing the yield while holding the cost per hectare steady.

Reducing the production cost per hectare will be achieved by reducing the major
costs which, in the developing countries, are labour and seed potatoes (table 6).
Although this should receive a great deal of attention, even more may be expected
from an increase in yield.

Figure 4 shows that during the last 15 years much has been achieved in the
developing countries. During the period 1965-1980, the accumnuiated caiculated
increase in yield expressed in terms of energy and protein in all developing countries
with market economies was even higher for potatoes than for wheat and rice (van der
Zaag & Horton, 1983). There is no reason to suppose that this increase in yield cannot
be continued, although it should not be expected that a yield level can be attained
in the tropics and sub-tropics which is similar to the yield level in the temperate zones.
To prove this statement we must introduce the concept of potential yield or biological
yield.

1o —

FE
.-”-‘-- —~—
130 |- L -
”’
p
x 120 7 e
X T 2 e e T 7
: T e
et // o
"o - - -~ -
T - Al
//— _ - — fica
—
100 =Sl -
..‘-'——,_—"/
90 I L L L i ! I

! ) |
Yfre T Tohs Ve o ¥ B4 824 8 844

Fig. 4. Potato yields in developing market economies 1974/76-1984/86 (3-year moving aver-
ages 1974/76 = 100; based on data from FAO Production Yearbooks). F.E. = Far East; N.E.
= Near East; L.A. = Latin America.
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1.9 Estimates of potential vield in the temperate zones and in the tropical and sub-
tropical zones

A potato improvement programme in a region or country should start with an
estimate of the gap between the actual yleld and the attainable yield. As it is often
very difficult to estimate the attainable yield, an attempt should be made to estimate
the potential yield. The potential or biological yield is taken to mean the yield from
a crop that has made full use of the whole vegetative pericd and where the daily tuber
production has been optimum (requiring optimum water and mineral supply, an
optimum amount of foliage and no diseases or pests). The potential yield is the
biological optimum yield but need not be the economic optimum yield, which is
similar to the attainable yield.

The yvield of an ‘ideal’ crop of this kind, or of any particular crop, can easily be
calculated with a simple method, which 1s discussed in chapter 5.

For several countries the average potential yield has been calculated and compared
with the actual yields of crops which make use of the same growing period which was
used to calculate the potential yield (table 11). It is assumed that the ratio of
actual/potential vield is a good indication of the technical level of production in a
region or country. H is estimated that this ratio is about 1/3 for Western Europe,
which means that the technical level of potato production in Egypt is comparable with
the production level in Western Europe, although the actual vield is much lower.

From these comparisons in the technical level of production between countries in
the temperate zone and in the tropical and sub-tropical zones two conclusions can
be drawn:

- The technical level of production in the developing countries is not as poor as is
often assumed on the basis of the average yield.

Table 11. Estimate of the average actual and the average potential tuber yield in selected
countries and growing seasons (van der Zaag, 1984).

Country Growing Actual Potential Actual
season yield yield' potential
{107 kg/ha) (10° kg/ha) yield

Washington, USA 12/3 -15/10 65 140 0.46
The Netherlands 1/4 - 1j10 45 100 0.45
Egypt I/ - 1/5 20 60 0.33
/9 - 1/1 15 45 0.33
Algeria 1/12- 1/4 15 45 0.33
15/3 - 1/7 12 70 0.17
1/8 - 1/12 8 60 0.13
Tunisia 15/2 - 1/6 15 70 0.21
Morocco 15/1 - 143 15 65 0.23
Pakistan 15/1 - 1,5 15 50 0.30
Saudi Arabia /1 -1/5 15 45 0.33
1/10- 1/1 12 40 0.30

I. Assumed dry matter content 20%; except for Washington and the Netherlands 226,
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- In most countries in the tropics and sub-tropics it will not be possible to reach the
level of yields which are obtained in the temperate zone, due to the shorter growing
scason and a lower efficiency per unit intercepted radiation because of the high
temperatures.

Despite these conclusions it is evident that in many countries yields could be
doubled by using good seed of the best varieties available and by applying good
techniques for production.



2 The potato plant

The potato used for consumption is a tuber bearing herbaceous plant. The follow-
ing plant parts can be distinguished:
— haulm (foliage): leaves and stems
- tubers and stolons
- roots.
In general only the tubers are utilized.

2.1 Haulm

The aerial stems, which may be branched, are generally hollow and triangular in
cross section. The stems have straight or wavy wings. The lower part of the stem is
round and solid. The mature leaves are compound, consisting of a petiole with a
terminal leaflet, lateral leaflets, secondary leaflets and sometimes tertiary leaflets.

I~ A stem 1s considered to be a main stem, if it grows directly from the seed tuber.
"The lower lateral branches from the stem are called secondary stems (fig. 5). If a
' secondary stem branches off from the main stem very close to the seed and its stolon
: and tuber formation is similar to that of a main stem, then this secondery stem may
_be considered as a main stem (fig. 5).

Apart from lateral branching a potato stem may develop apical branches several
times during its growth according to the pattern given in figure 6. In this example the
stem after the 17th (n) leaf, develops a flower bud which may produce a flower. In
the axil of the 16th (n-1) leaf and the 15th (n-2) leaf, (n-1) and (n-2) apical branches -
may develop. After the development of 6-9 leaves, a flower bud may form on each
of the (n-1) and (n-2) apical branches and new terminal branches, (n-1) (n-1), (n-1)
{n-2), (n-2) (n-1) and (n-2) (n-2), in their {n-1) and (n-2) axils. As not all the initial
apical branches develop under field conditions and the flowers also often abort, unless
detailed observations are made, a branched stem of this kind with several flowers gives
the impression of being one single main stem with lateral branches.

The lower part of the stem (including its leaves) up to the first flower is called the

secondary stem
{congsidered as a mainstem)

secondary stem {i

mainstem
mainstem

Fig. 5. Main stems and secondary stems.
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Fig. 6. Morphological growth (schematic) of a main stem of the potato (late variety) on fertile
soil and at high nitrogen level (after Reestman & Schepers, 1971).

first level. The section between first and second generation flowers is called the second
level and the section between second and third generation flowers is called the third
level. The number of levels and the stem length of each level depends on variety, day
length, nitrogen, etc, (section 4.3.4). Short cycle crops have fewer levels and limited
stem length, whereas long cycle crops develop more levels and longer stems at each
level. During crop observations and experiments with potatoes the following haulm
and foliage characteristics are usually recorded:

- emergence: percentage of emerged plants

- plant density: number of plants and number of main stems per m? (calculated from
row distance and number of plants or stems per 10 m of row length)

- estimated percentage of soil surface covered with green leaves

— leaf area index (LAT); leaf area duration (LAD)

— haulm weight (fresh or dried) per m?

~ haulm length: total haulm length or number and length of each level

— leaf colour (¢.g. in nitrogen experiments)

- water status of foliage

- percentage of leaves with symptoms of discase

- the position of the leaves attacked by disease

- stage of maturity.

2.2 Roots

Plants grown from true seed develop a slender tap root from which lateral branches
arise. Plants growing from tubers develop adventitious roots at the nodes of the
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adventitious roots
scale leof on stolon

"seed" piece

roots

Fig. 7. Underground plant parts of a potato.

underground stems and stolons (fig. 7).

The potato plant generally roots rather shallowly (often no deeper than 40 to 50
cm}. If, however, no obstructive layers or sharp transitions from one soil type to
another accur in the soil profile, plants may root to as deep as 1 m.

2.3 Tubers

' ; The tuber can be considered as a part of the stem adapted to food storage and

«feproductlon Aerial tubers sometimes develop in the leaf axils of the stem. This

jhappens when the foliage continues to produce food while the transport of assimi-

flatlon products to the tubers has been blocked. This blocking may be caused by
mechanical injury or attack by a fungus (e.g. Rhizocionia solani) on the lower part
of the stem. b M

The tuber (fig. 8) may be regardecLas an enlarged stolon. The rudiments of the scale
leaves (the eyebrows) and of the buds (the eves) in the axils of the scale leaves can
still be seen on the skin. Each eye has more than one bud. The skin of the tuber has
many lenticels. These may be considered as the stomata of the tuber.

In a cross section of the tuber the following zones are visible: Outer cork layer
{periderm), inner storage parenchyma, outer storage parenchyma and vascular ring
{fig. 9).

The distance between the skin and the vascular ring is normally about 14 em, but
the skin and the vascular ring are more or less in contact near the eyes and at the stolon
attachment.
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Eyebrow ("raised" in this case)

Heel or attachment end

Stolon

Scale leaf

Fig. 8. Potato tuber showing the main morphological features used in identification (Burton,
1966).

Eyes or buds

Cortex

Inner medulla or pith
(branching to each
eye or bud}

Vascular ring
Corky epidemis

Y ep Quter medulla
Periderm

Fig. 9. Cross section of potato tuber (Kehr et al., 1964).

2.3.1 Skin

When the stolon-end starts to enlarge into a tuber (tuber initiation) the skin
(periderm) develops. The cell layer directly below the epidermis changes into a cork
cambium (phellogen). On the outside, the phellogen produces cells that suberize
M:@The periderm of a mature tuber consists of 5-15 cell layers. The phellem and
phellogen together are called the periderm. In immature tubers, where the phellogen
is still active and the cambium cells are thin-walled, the skin can easily be removed
(scrapers). At maturity, the cork cambium stops its activity, its cell walls as well as
the tuber skin become stronger (‘setting’ of the skin).

The skin of a mature tuber is almost impermeabie to chemicals, gases and liquids
and also provides good protection against micro-organisms and water [oss.

The lenticels act as a communication system between the inside of the tuber and
its surroundings. They are essential for the respiration of the tuber since hardly any
Carbon dioxide (CO,), Oxygen (O,) and water (H,0) can pass through the skin itself.

If tubers grow in really wet soil, the lenticels open and become very large, thus easily
permitting harmful micro- organisms to enter. Micro-organisms can often survive in
the lenticels even after tubers have been disinfected.



THE POTATO PLANT 29

2.3.2 Cork and wound-periderm formation

Tubers without a sufficiently well-developed skin are easily damaged and will lose
much moisture during storage, furthermore, micro-organisms can easily enter such
tubers. When a tuber is injured or deliberately cut, the formation of a new cork layer
is needed to protect the tissue against infection as well as against excessive loss of
moisture.

Wound healing in potato tubers is a regenerative process and comprises both the
suberization of cell walls, preventing invasion by micro-organisms and almost all
evaporation from the wound surface (Wigginton, 1974), and the formation of a
phellogen or cork cambium to produce new cells, the wound periderm on the outside
and occasionally phelloderm cells on the inside. For good, quick skin formation or
wound healing the following conditions are required:

- high temperature
— high relative humidity
- sufficient oxygen.

number 19|
of days
ofter i
cutting 8 -
7 E
6 |
5k
4 L
3t .
P N wound peridenn present
1L superficial cells suberized
0 L 1 1 1 1 Il 1

1 )3 i,
25 5 7 1015 2125 27 32 35 °C

Fig. 10. Cell suberisation and wound periderm formation at various temperatures (Artsch-
wager, 1927).

Table 12. Effect of relative humidity on wound-healing at 10 and 20 °C (Wigginton, 1974).

Day 19 °C 20 °C

60% 80% 93% 98% 52% 80% 91-929, 95-97%

s p 8§ P 8§ P 8 P § P S P S§ P S P
I o o t o0 ! 0 1 0 0 0 ! 0 240 3% 0
3 - - 4 0 3 0 4 90 2 0 2 0 4450 - -
5 - - 4 1 - - 2 0 - - 8% 2 7T 34
7 3 0 6 6 1 - - 4 2 7 3T 4 T 4%
- 8§ = Suberization 1 - half the surface suberized 4 - 1% cell suberized

P = Number of periderm cells 2 - whole surface lightly suberized 7 - 2 cells suberized
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[ — /’\
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C
[
Fig. 1. Cell suberisation under (a) dry and {b} moist conditions, and (c¢) wound periderm

formation (Appel, 1906).

The wound healing process is faster in young tubers than in old ones, Figure 10
shows the rate of periderm formation in relation to time and temperature, At a
temperature of 10-20°C with favourable humidity and sufficient oxygen, it takes 3
to 5 days before a good new skin is formed and wounds are healed as a result.

For good, quick wound healing a relative humidity of about 90 % is required (table
12). In figure 11 wound healing is shown under dry and moist conditions. Although
the rate of skin and cork formation increases with rising temperature and relative
humidity, for curing purposes, potatoes should not be stored at a temperature of more
than 15 °C or at a relative humidity higher than 95 0%, -Because then conditions will
be most favourable for the development of harmful micro-organisms.

2.4 Sprouts

The number of eyes in a tuber varies considerably depending on many factors such
as variety, size of tuber and growth conditions. Twelve to 15 eyes are quite usual in
a 45 mm ‘Bintje’ tuber. They form a special spiral round the tuber, like the side buds
on a stem. The sheath surrounding the buds in the eye is a rudiment of a leaf, The
eye 1s, in fact, the axil of a leaf on part of a stem (fig. 12).

In many cases the main bud lies in the middle of the eye, with a bud on either side,
often clearly separated by tuber flesh. These side buds may be regarded as the lowest
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sheath sheath ]
surrounding surrounding
an eye-bud eye-bud

main bud

lateral leaflet

vascular bundles

SRS sl

(] % “, TN Pras Ny,
R AR R,

Fig. 12. Cross-section of an eye (Artschwager, 1924).

terminal bud tip
hairs

lateral shoot Lvy  bud
{a developed bud) ; (undeveloped} % pasai part

lenticells
roottips

Fig. 13. Sprout developed under light (R. Ros, RIVRQ).

lateral buds of a sprout, which have become separated by the growth of the tuber.
Normal sprouts can, and often do, grow from them. The main sprout also bears lateral
buds which can form lateral stems or stolons, If the sprout breaks off but its base
remains, there is a fair chance that the bottom lateral buds, which would normally
form stolons, will grow into one or more stems, all of which arise from the same eye.
In the case of a sprout which has been allowed to develop in light to an advanced stage,
the lateral buds will have sprouted far enough for the terminal and lateral buds to
be visible on them also (fig. 13).
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3 Dormancy and sprout growth

3.1 Dormancy

Potato tubers may be considered dormant if the buds do not start to grow within
2 weeks under favourable conditions (e.g. 20 °C). Often this is called the rest period.
The dormant period is then defined as the period when sprouting is inhibited for any
reason, and includes the rest period.
The length of dormancy may be:
- number of weeks (days) between harvest and the start of bud growth
- number of weeks (days) between tuber initiation and the start of bud growth.
In practice, the first definition is used. However, it is often useful to consider the
period between tuber initiation and the start of bud growth as the dormant period.
In some cases bud growth starts before harvest (e.g. second growth). It is assumed
that dormancy reaches a maximum at the time of tuber initiation and then declines.

3.2 Length of dormancy

The length of dormancy depends on the variety, the maturity of the tuber, soil and
. weather conditions during growth, storage conditions and whether the tuber has been
damaged or not.

3.2.1 Variety

Varieties differ markedly in length of dormancy (table 13}, though some of the
differences observed can arise from the physiological state of the tuber, e.g. differences
in time of tuber initiation. Length of dormancy does not relate to the maturity group
to which a variety belongs.

It is possible to breed late varieties with relatively short dormancy and to breed
early varieties with relatively long dormancy. No correlation has been found between
dry matter content and length of dormancy.

3.2.2 Maturity of the tuber

Fully mature tubers have a shorter dormant period than tubers harvested at an
immature stage, This is shown in table 14 where the dormant period of potatoes
harvested at different stages of maturity is given. It shows that the period between
harvest and the start of sprout growth is longer the less mature the potatoes are when
harvested. However, a tuber harvested when immature usually sprouts earlier than
a mature tuber (table 14).

32
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Table 13. Dormant period in weeks (called rest period by Emilsson) of different potato varieties
in 1946, 1947 and 1948 (Emilsson, 1949).

Variety Earliness 1946/°47 1947/°48 1948/'4% Mean
Ackersegen LM 6 8 9 7.7
Alpha M 9 13 13 1.7
Arran Banner EM 14 18 16 16.0
Bintje EM 8 10 11 9.7
Eersteling E 9 10 8 9.0
Eigenheimer EM 6 4 5 5.0
Katahdin EM 12 13 10 11,7
King Edward M 12 12 11 11.7
Majestic M 14 17 17 16.0
Up to date M 14 11 13 12.7

E = early, EM = early main crop, M = main crop, LM = late main crop.

Table 14. Influence of degree of plant maturity at harvest on the length of the dormant period
(Emilsson, 1949).

Variety Date of harvest Dormant period  End of dormant
(weeks) period (date)
Alpha (7526,"7 19 6/12
W0y 14 6/12
20497 12, 13/12
Bintje 26/7 18 29/11
30/8 12 22/11
20/9 12 13/12
Majestic 26/7 18 29/11
30/8 14 6/12
20/9 14 27/12
Up to date 26/7 18 29/11
30/8 15 13/12
20/9 13 20/ 12

26/7 plants of all varieties at flowering stage
30/8 onset of maturity
26/9 plants more or less mature

3.2.3 Field and weather conditions during growth

The length of the dormant period of any given variety is not constant (table 15).
1t varies from year to year, in addition to which, the place of cultivation may influence
the length of the dormant period.

The effect of day length on the length of the dormant period is not well known,
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Table 13. Dormant period {called rest period by Schippers) expressed in weeks after harvest of
some varieties at various temperatures it two seasons (Schippers, 1936).

Variety Earliness! 2 °C §°C 10 °C 20°C

19537 1954% 1953 1954 1953 1954 1953 1954

Bintje 6.5 14 17 12 16 12 15 10 1.5
Eigenheimer 7 9.5 11 9.5 11 9.5 11 6.5 8
[Jsselster 6.5 9.5 19 10 19 9.5 16 9 12
Libertas 4.3 12 23 12 19 14 19 10 15

1. Low figure late maturity.
2. 1953 normal temperature, 1954 low temperature.

although it is often assumed that potatoes grown in short days tend to have a rather
shorter dormant period (with earlier maturing of the crop).

The temperature at which the potatoes are grown, however, can have a far greater
influence on the length of dormancy. Potatoes grown at higher temperatures, partic-
ularly at the end of the growing period, have shorter dormancy. In the Netherlands
it is usually the case that after a cool and wet summer {e.g. 1954, table 15) the dormant
period is much longer than after a warm and dry summer.

3.2.4 Storage conditions

Storage temperature is also an important factor influencing the length of the
dermant period. The influence of storage temperature on length of dermancy is
shown in table 15, Raising the storage temperature from 10 °C to 20 *C seems to have
more effect than raising the temperature from 2 °C to 10 °C. In certain cases, fluc-
tuating storage temperatures shorten dormancy more than constant high tempera-
tures. Schippers (1955) found that the variety Alpha sprouted earlier (2-3 weeks) if
stored at fluctuating temperatures {e.g. 2 and 20 °C) than at a constant 20 °C. In other
cases and with other varieties this treatment had little or even the opposite effect,

Recently it has been found that a short period of low temperature (say 3 °C for 2
weeks) after curing the seed tubers, can shorten the dormant period of several varieties
by 2-3 weeks,

The humnidity of the atmosphere during storage can also influence the length of the
dormant period. The dormant period 1s shortened by a high relative humidity.

Exposure to light prolongs the dormant period of mature tubers but may shorten
that of immature tubers,

3.2.5 Injuries

Tubers attacked by micro-organisms ( Phyrophthora or Fusarium) or insects and
those mechanically damaged (also by cutting) have a shorter dormant period than
healthy undamaged tubers. Therefore, cutting the seed stimulates early sprout
growth.
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Table 16. Number of weeks between harvest and beginning of sprout growth of some British
varieties, stored at various temperatures (1957 crop, lifted 3rd week of September) (Burton, 1963).

Variety 4.4 °C 10 C 22.5°C
Arran Consul > 28 12 8
Arran Pilot 12 5 5
Arran Victory 12 5 3
Arran Viking 16 5 8
Craig’s Deflance 8 6 3
Golden Wonder 26 i2 8
Home Guard 12 5 3
King Edward 16 6 5
Majestic > 28 12 8
Ulster Chieftain 16 5 5
Ulster Prince 14 14 8
Average 17 8 6

3.3 Initiation of sprout growth

During the dormant period, as previcusly mentioned, buds do not show visible
growth. When dormancy is over, the storage temperature determines the initiation
of visible sprout growth.

This 1s clearly shown by Burton (1963) who, like Emilsson (1949) and Schippers
(1956), defined the dormant period as the time when the buds do not grow, for
whatever reason. (Recently however Burton (1978b) defined: ‘a bud is dormant if it
does not grow at a favourable temperature’.) By decreasing the storage temperature
from 22.5°C to 10°C the period without sprout growth is lengthened by about 2
weeks, while by lowering the temperature from 10 °C to 4.4 °C the period is leng-
thened by 9 weeks for the varieties mentioned in table 16.

Emilsson (1949} found a correlation coefficient of + 0.57 for 51 varieties, between
the length of the dormant period as given by our definition and the length of the period
without sprout growth when storing the tubers at 5 °C.

3.4 Sprout growth

The pattern of sprout growth of a potato tuber depends on the physiological stage
of the tuber (i.e. growing conditions, storage conditions, length of storage period,
previous sprout growth), temperature at which sprouting occurs, light conditions,
relative humidity and competition between sprouts (tuber size and number of
sprouts).

3.4.1 Physiological stage of the tuber

The physiological stage of the tuber can be detected by changes in sprout growth
(fig. 14).
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youhg physiclogical stage old
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"NORMAL SPROUTING" senility

no sprout | one sprout | multiple sprout | branched sprout | hair sprout growth

growth growth growth growth "little potato" growth

Fig. 14. Physiological stages of the tuber.

The physiological stage is influenced by the conditions under which the tuber is
grown, the duration of the storage period, the storage conditions and previous sprout
ages sooner than seed grown in a cool region and stored at low temperatures.
~ Seed of varieties with a short dormant period reach ‘old age’ (senile stage) earlier
than varieties with a long dormant period.

The number of sprouts which develop on a tuber depends on the physiclogical stage
at which sprout growth starts. If a tuber starts sprout growth in its ‘apical’ stage only
one of the buds at the apex develops sprouts. An apical sprout is dominant over the
other buds, so these remain dormant. Only when this top sprout is removed (de-
sprouted) will the other buds of the tuber develop sprouts.

Figure 15 shows that after the tuber has been de-sprouted for the first time it is still
more or less in its “apical’ stage but, after the tuber has been de-sprouted for a second
time, a large number of sprouts develop. If a tuber is de-sprouted several times it loses
its sprouting capacity. Some varieties lose their sprouting capacity after de-sprouting
only twice, while others can be de-sprouted several times. In practice, de- sprouting
once usually provides a sufficient number of growing sprouts.

If, owing to a low storage temperature, sprout growth starts late in the season (i.e.
after the stage of apical dominance is over), more cves (or buds) will develop sprouts
(table 17).

Table 17. Number of sprouts developing per tuber when kept first at 4 °C and later at 20 °C.

Interval between harvest Number of sprouts per tuber
and keeping tubers at T T T o s om oo oo oo o
20 °C Eersteling Bintje Alpha
0 weeks 1.0 1.0 1.0
6 weeks 1.8 1.0 1.0
15 weeks 34 1.5 1.8
23 weeks 3.2 4.0 2.3

30 weeks 6.0 4.8 4.6
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Fig. 15. Bintje tuber de-sprouted every 4 weeks from January onwards; eyes numbered from
base to top (Krijthe, 1962a).
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Fig. 16. Influence of the storage period, at 4 °C and 12 °C on the sprouting capacity (g fresh

weight/tuber after de-sprouting and subsequent 4 weeks at 18 °C) {(Hartmans & van Loon,
1987). Experimental years - ® 1978/79; A 1979/80; W 1980/ 8!.

3.4.2 Growth rate of sprouts and physiological age of the seed

Immediately after dormancy ends, sprouts grow at a slower rate than the sprouts
of a tuber whose dormancy ended some time before. Furthermore, the stage of
maximum sprout growth is reached sooner by seed stored at a high temperature than
at a low temperature (fig. 16).
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3.4.3 Growth rate and de-sprouting

After a tuber has been de-sprouted once, the next set of sprouts grows faster. If the
tuber has been de-sprouted several times, however, the rate of growth of the sprouts
decreases.

3.4.4 Growth rate of sprouts and temperature

The temperature influences sprout growth markedly (fig. 17). In the example given
16-20°C seems to be the optimum temperature for sprout growth, The effects of
temperature are also shown in figure 18.

In this case, with an increase in temperature from 4 °C to 25 °C, there is an increase
in the initial rate of elongation of the apical sprout of tubers of the Arran Pilot variety
(fig. 18). The growth rate at 30 °C is low, however, owing to the death of the sprout
apex. This also occurs later in the 25 °C and 20 °C treatments, so that eventually the
longest sprouts are produced at 15 °C. Dyson & Dighy (1975) showed that the sub-

fresh sprout weight [g)
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Fig, 17. Influence of temperature on sprout growth (Hogetop, 1930).
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Fig. 18, The changes over time in length of the apical sprout of Arran Pilot tubers stored at
different constant temperatures (Headford, 1962; after data from Saddler).



DORMANCY AND SPROUT GROWTH 39

apical necrosis of the sprout tip, which often occurs in fast-growing dark sprouts, is
the consequence of failure by the sprout to mobilize sufficient calcium to the tip.

3.4.5 Humidity and sprout growthd#

A high relative humidity stimulates root formation on the sprouts. The longitud-
inal growth of the sprouts does not seem to be greatly influenced by the relative
humidity at moderate temperatures. At higher temperatures a high relative humidity
may stimulate the longitudinal growth of the sprouts, A liberal amount of water also
stimulates sprout growth.

3.4.6 Light and sprout growth

Potato sprouts grown in the light develop chlorophyl and are shorter and sturdier
than those grown in the dark. After astorage period of 7% weeks at 17 °C, the average,
length of the longest sprouts on a tuber grown in the light may be only 3 % of that
of the sprouts on tubers grown in the dark, Sprout growth begins to decrease at low
light intensities, In the past in Europe seed potatoes were often stored in diffuse light.
Diffused-light storage has now been introduced in many developing countries, where
cold stores are insufficiently available,

3.4.7 Variety and sprout growth

Not all varieties have the same rate of sprout growth. The number of sprouts which
develop on a tuber also depends on the variety. With the same seed treatment and
planting methods the tubers of various varieties produce a different number of stems
per tuber (table 18).

3.4.8 Tuber size and sprout growth,

If the right method of seed preparation is applied, big tubers produce more sprouts
than small ones.

Table I8. Average number of stems {and their variation) produced per tuber and plant density
attained (4 plants per m?) (1968}

Variety Average number of  Variation, Number of stems
stems per tuber per m?
Bintje 4.8 2-7 19
Humalda 2.8 I- 6 11
Jearla 4.1 2- 8 16
Lekkerlander 4.0 2-7 16
Ostara 3.0 1- 5 13
Provita 3.9 1-10 23
Sirtema 3.7 2-5 15
Tanja 38 I- 6 15
Thola 3.9 2-6 16
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Tuber weight 200 g 102 g 53 g

Mean sprout length (cm)

Fig. 19. Effect of tuber size and number of sprouts per tuber on sprout elongation at 15°C.
Circles, dots and triangles correspond with 1, 2 and 4 sprouts per tuber respectively (Morris,
1966).
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Fig. 20. Estimated relationship between chronological seed age, expressed in storage days after
18 August, and relative growth vigour of seed tubers of cvs. Jaerla and Désirée stored at 4 °C
or 12 °C (van der Zaag & van Loon, 1987).
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Reestman & de Wit (1959) calculated that the number of main stems developing
on a tuber correlates with the surface area of the tuber, The growth rate of sprouts
developing on big seed is faster than those developing on small seed. Morris (1966)
demonstrated intersprout competition (fig. 19).

The smaller the seed and the more sprouts developing on the seed, the greater the
competition between the sprouts will be, and the slower their growth rate.

3.5 Growth vigour

Growth vigour is the potential of 4 tuber to produce sprouts and plants rapidly
under conditions favourable to growth. Growth vigour in figure 20 is expressed as
sprouting capacity, stem length, number of stems per plant, LAI and total dry matter
production per planted tuber. Figure 20 alsco shows that the effects of storage duration
and storage management of the seed on growth vigour, differ for the individual
varieties. [t is evident that seed of the variety Désirée maintains its growth vigour
better under optimum storage conditions than the variety Jearla. With storage
management it is possible to manipulate the growth vigour of the seed. Growth vigour
of the seed is an important characteristic of variety.



4 Crop ecophysiology

4.1 Introduction

The production of a crap is the result of photosynthesis and respiration. Both
processes are influenced by ecologically and plant physiologically determined factors.
Only those parts of the crop that can be used are of importance to the grower (this
is the so-called harvest index). In the case of the potato crop tubers are of interest.
Tuber production is determined by photosynthesis, respiration, partitioning or dis-
tribution of assimilates (harvest index) and dry matter content of tubers.

Tuber yield can be explained in two ways:

— tuber yield = daily tuber production X number of days
- tuber yield = cumulative light interception X utilization coefficient of intercepted
light X harvest index X the inverse of dry matter content of tubers,

Before discussing tuber yield along these two lines, various factors influencing
photosynthesis, respiration and partitioning will be discussed. Dry matter content will
be discussed later, in the chapter dealing with tuber quality (chapter 12),

4.2 Production determining factors
4.2.1 Photosynthesis
4.2.1.1 Introduction

Photosynthesis is a complex process which takes place in green plant parts, mainly
the leaves. Carbon dioxide in the leaf tissue is bound to the chlorophyll and reduced
to sucrose by the absorbed light energy.

co, + H,0 gt cy o 0,

The rate of photosynthesis per unit leaf area is determined by:
~ temperature

— light intensity

— age of the leaves

- CO, concentration in the leaf tissue.

The rate of photosynthesis per unit crop area is determined by the rate of photo-
synthesis per unit leaf area and the area of green foliage that intercepts light. The latter
is determined by the leaf area index, foliage structure and light intensity. The net rate
of photosynthesis is the gross rate of photosynthesis minus the rate of respiration. As
we will see later, respiration is also influenced by temperature and leaf age.
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