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Suizamary

Potato production is increasing rapidly in the tropics and sub-tropics and is declining gradually in
the temperate zone. it is not expected that in the near future potato production for ethanol
production will become important or that the production for starch or stock feed will increase.
Consumption per capita is more or less stable in Western Europe and North America but is
increasing in Africa and Asia. On average, energy and protein from potatoes cost the developing-
country consumer at least three times as much as from wheat or rice. Better application by farmers
of existing and newly developed technologies  including better adapted cultivars. healthy seed
tubers, botanical seed and low-cost storage and processing - can reduce costs per unit of output
substantially, mainly by increasing yield. Doubling the yield without considerable increases in
production costs per hectare would allow the potato to become a cheap vegetable in many tropical
or sub-tropical areas and to become 2 staple food in others with favourable growing conditions.

Introduction

The first section of this paper (‘Present situation’) outlines current world potato produc-
tion and use; the second examines future developments in production for alcohol, starch,
livestock feed and human consumption; and the third section examines potential contri-
butions from research and technology to the expansion of production in the tropics and
sub-tropics.

Some of our predictions and conclusions must be controversial, but we hope they will
stimulate discussion and further research and development for the potato as a major
world food crop.

* Derived from a paper prepated for the International Symposium*Rescarch for the potatoin the
year 2000’ (CIP, Lima, 1982).
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D. E. VAN DER ZAAG AND D. HORTON

Present situation
Production

Area, yield, and total production

From 1966 to 1980, the area under potatoes in North America and Western Europ<
decreased annually by more than 2 % {Fig. la) and yield increased by almost | % (Fig.
1b) to give a net production decrease of about 20 9% (Fig. Ic). In Eastern European and
Asian countries with centrally planred economies, the ca. 1 % decrease in the area
cropped to potatoes (Fig. 1a) was nearly matched by a | % yield increase (Fig. 1b) so that
production 1¢mained constant (Fig. 1c).

Fig. 1. Development of the area cropped (a), yield (b) and total production (c) in (1) developing
countries with market economies (X), (2) North America and Western Europe (), and (3)
countries in Eastern Europe and Asia with centrally planned economies (0) (data froin FAO
Production Yearbooks).
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1) =789 +0.1427x + 0.0036x? 1) p=17968 + 285.16x
(100 = 8.1 t/ha) (100 = 17810 X 103 1)
r=0.98 r=0.98

2) §=20.09 +0.22x 2) y =84358 - 1300.7x
(100 = 19.8 t/ ha) (100 =81725 X 103 1)
r=0.74 r=-0.84

3) p=1255+0.02x 3) 7 =183696 - 1787.7x
(100 = 14223 < 10* ha) (100 = 12.0 t/ ha) (100 = 170499 x 10° 1)
r=-0.95 r=0.10 r=-0.51

Area - Fliche - Surfaces cultivées; Yield - Ertrag - Rendement; Production - Produkition -

Production; Year - Jahr - Année

1) §=2132+ S1.7x
(100 = 2208 X 10° ha)
r=096

2) §=4153 - 94.6x
{100 = 4133 X 107 ha)

=097

3) 9= 14624 - 166.0x

Abb. 1. Entwickiung der Fliche (a), des Ertrages (b) und der Gesamiproduktion (c) in (1)
Entwicklungslindern mit Markiwirischaft (X), (2) Nordamerika und Westeuropa (®) und (3)
Ldndern in Osteuropa und Asien mit Planwirtschaft (O) (Daternt entnommen aus den FAO
Production Yearbooks).

Fig. 1. Evolution des surfaces cultivées (c), du rendement (b) et de la production totale(c) dans (1)
les pays en voie de développement & économie libre (X), (2) en Amérique du Nord et Europe de
I'Ouest (®) et dans certains pays d'Europe de I'Est et d'Asie a éconumie dirigée (O) (sources FAO
Production Yearbooks).
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POTATO PRODUCTION AND UTILIZATION IN WORLD PERSPECTIVE

Fig. 2. Development of the area cropped (a), yield (b) and total production (c¢) in (1) developing
ccuntries in Latin America(X).{2) developingcountries in Africa (), and (3) developing countries
with market cconomies in Asia (0) (data from FAO Production Yearbooks).
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3 F =967 + 1.064x + 2.1 19y 3) F= 871+ 0.1557x + 0.0063x  3) ¥ = 35()0 + 68.1x +
37.9x2
(100 =: 961 > 107 ha) (10() : 9.1 1/ ha) (100 = 8709 x 107 1)
r=09% r=0.94 r=0.98%

Area, Yield, Production, Year - Siehe Abb. | - Voir fig. 1

Abb. 2. Entvicklung der Fliche (a), des Ertrages (b) und der Gesamtproduktion (c¢) in (1)
Entwicklungsliandern in Lateinamerika (X), (2) in Afrika (8, und (3) in Entwicklungslandern mit
Markmirtschaft in Asien (O) ( Daten entnommen aus den FAQ Production Yearbooks).

Fig. 2. Evolution des surfaces cultivées (a), durendement (h) et de la production torale (¢) dans (I)
les pays en voie de développement d" Amérique latine (X), (2) d'Afrigue (®) et (3) certains pays a
économie libre ' Asie (O) (Sources FAO Production Yearbooks).

In countries with developing market economies, both the area (Fig. 1a) and yield (Fig.
1b) increased annually by over 2 % to almost double production(Fig. l¢). In Africaand
Asia the area increased by almost 79 and 4 7 per year respectively, while in Latin
America it remained almost unchanged (Fig. 24). Yields increased annually by >2 % in
Latin America and in Asia but they remained constant in Africa so that in all three
regions production increased; bv 100 % in Asia and Africa and 40 % in Latin America
(Fig. 2b, ¢).*

Production comparisons
Corresponding changes in yield and production of wheat, rice, and maize in developing

market economies show that the area under wheat increased annually by 2 %, while rice

*For further information about world potato production sce ‘Wor'd potato facts’ (CIP, 1982).
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Fig. 3. Development of the area cropped (a), yield (b) and total production(c) of (1) wheat (@), (2)
rice (), and (3) maize (O) in developing countries with market economies.
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0.054x2 0.0546.x?
(100 = 50.5 X 10% ha) (100 =0.95 t/ha) (100 = 48.2 x 10%1)
r=10.96 r=0.96 r=096

2) #=87.70 +0.59x
(100 = 86.2 + 10 ha)
r=0.89

2) 7=1.59" +0.0401x - 0.0002x°
(100 = 1.55 t; ha)
r=093

2) §#=139.45 + 4.48x
(100 = 133.7 x 10%1)
r=092

3) F=49.24 +0.52x 3) 1y =120+001x
(100 = 50.6 x 10 ha} (1C0 = 1.19 t/ ha)
r=0.94 r=10388

Area, Yield, Production, Year - Siehe Abb. | - Voir fig. !

3) #F=59.13 + .39
(100 = 60.4 X 10°1)
r=0.95

Abb. 3. Eatwicklung der Fliche (a), des Ertrages (b)und der Gesamiproduktion(c)von (1) Weizen
(®). (2) Reis () und (3) Mais (O) in Entwicklungsliindern mit Marktwirtschaft.

Fig. 3. Evolution des surfaces cultivées (a), durendement (b)et de la production totale (c) pour (1)
le blé (), (2) le rix (X) et (3) le mais (O) dans les pays en voie de développement a économie libre.

and maize increased by <1 % (Fig. 3a). Both wheat and rice yields increased annually by
about 3 % but maize yields by only | % (Fig. 3b). The changes in seeded area and yield
resulted in net production increases for wheat, rice and maize of ca. 100 %, 60 % and
30 %, respectively (Fig. 3c).

It is noteworthy that whereas ¢he annual percentage increases in rice and potato yields
have been about equal, the increase in wheat has been higher, although the increase in
edible energy and protein yield per hu was slightly higher for potatoes than for wheat and
rice (Fig. 4) despite the ‘green revolution’ in wheat and rice varieties.

Per capita potato production

Estimates of potato production(Table 1) show that Eastern European countries produce
most potatoes, but much of their crop is used for stock feed whereas elsewhere potatoes
are grown primarily for human consumption.

In most developing countries, except Latin America and the Neat Last, production is
low and in Africa and the Far East it is small relative to major staples(FAO, 1981). Over
the past 15 years the average growth rate of potato production in many developiug
countries has exceeded that of most other food crops.
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POTATO PRODUCTION AND UTILIZATION IN WORLD PERSPECTIVE

Fig.4. Accumulated calculated increase in yield expressed in terms of energy (a) and protein(b) for
(1) potatoes, (2) wheat, and (3) rice (70 G4 edible) in developing countries with market economies
and based on the regression curves given in Fig. | and 3 (forenergy and protein values see Table 6).
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Abb. 4. Berechnete Steigerung des Ertrages ausgedriickt als Energie (a) und Protein (h) fiir (1)
Kartaffeln, (2) Weizen und (3) Reis (70 C;. esshar) in Entwicklungslindesn mit Markrwireschaft,
basierend auf den Regressionskurven der Abb. I und 3 ( Energie- und Proteimwerte siche Tab. 6),
Fig. 4. Caleul de Faugmentation cumulée du rendement exprimée en tonnes d'énergie (a) et de
protéines (b) pour (1) la pomme de terre, (2) le blé, et (3) le riz (70, « consommable) dans des pays
en voie de développement a économie libre, o partir des courbes de régression des figures | et 3
(voir tablean & sair les valeurs en energie et protéines).

Table . Per capita potato production (kg) 1978 (CIP, 1982),

Regions'
World? 66

Developed countries®
North America 79

Western Europe 143
Eastern Europe (including USSR) 415
Developing countries with market economies*

Latin America 32
Africa 9
Near East 26
Far East 9

"Gebiet - Régions; > Welt - Monde; ¥ Industriestaaren - Pays industrialisés; * Entwicklungslinder
mit Markthandel - Pays en voie de développement avec économie de marcheé

Tabelle 1. Pro-Kopf-Produktion von Kartoffeln (kg) 1978 (CIP, 1982).
Tableau I. Production de pomme de terre par habitant (kg) en 1978 (CIP, 1982).

Potato Research 26 (1983) 327



D.E. VAN DER ZAAG AND D. HORTON

Energy requirements and efficiency of energy conversion

Potatoes can produce more edible energy and protein per hectare than most food crops
and high levels also of energy and protein per day (van der Zaag, 1976). However, the
large gross encrgy input for potatoes is exceeded only by that of irrigated rice and is equal
1o that of vegetables such as cauliffower (Table 2).

In efficiency of energy conversion, potatoes are intermediate between cercals and most
vegetables (Heichel, 1975). Energy budgets are not generally available for crops in
developing countries; we have developed them (Table 3) for potatoes in Peru, the
Philippines and Rwanda, illustrating a wide range of production tecknologies, and we
have compared them with Pimentel's (1974) US budget and that of the Netherlands (van
der Zaag, 1978). Where yicelds are highest, fertilizers and pesticides account for much of
the energy input. In general, the energy conversion ratio is similar for traditional systems,
based on hand labour (highland Peruand Rwanda)., and for systems based on fossil fuels
(coastal Peru, the Philippines, the USA, and the Netherlands). In contrast, the netenergy
output is higher for modern than for traditional systems.

The ability of the potato to yield a large quantity of energy per ha and per day is an
asset where cropland is scarce but its dependence for high yields on systems based on
fossil fuels is a lability.

Table 2. Protein, energy production and energy input and output for selected crons in the USA
(after Pimentel et al., 1975).

Crop yield/ ha' Energy inputs; ha Output per unit of
for production® fossil energy input®
total’  protein® food —
(v (kg) energy?  fossil labour protein®  energy'
(G)) cnergy®  (man- (g; M) (GJ/G))
(GhH hours)’

Soya beans" 1.9 640 3.8 22.2 15 28.7 14
Brussels sQrouls 12.3 604 23.0 35.6 60 16.7 0.6
Potatoes! 26.2 524 84.5 372 60 14.3 2.3
Maize!* 5.1 457 74.9 27.6 22 16.7 27
Rice!* 58 388 87.9 64.9 30 4.8 1.4
Dry beans'® 1.4 325 209 18.8 15 16.7 1.1
Oats"’ 1.9 276 30 12.6 6 21.5 2.5
Wheat '* 2.1 274 34 159 7 16.7 2.0

UErnteertrag/ha - Rendement! ha; 2 Gesamu - Total; ¥ Eiweiss - Protéine; * Nahrungsenergie -
Energie alimentaire; ¥ Energieeinsatz] ha fiir (lu' Produktion - Apport d'énergief ha pour la pro-
:quum, ® Fossile Energie  Energie fossile;” Arbeit (Mannstunden) - Main d'veuvre (h UTH):
X Ausstoss o Einheit des /mwl('n Frwrgwclmal es - Production par unité a'énergie fossile
apportée;® Eiweiss - Protéine: Y Energie - Energie; 'S‘ojalwmwn Soja; "’ Rosenkohl - Choux de
bruxelles: ' Kartoffeln - Pomme d  terre; ' Mais - Mais; '* Reis - Riz; ' Bohnen - Haricots secs;
" Hafer - Avoine; "* Weizen - Blé

Tabelle 2. Protein- und Energieproduktion und Energiceinsatz und -ausstoss fdr ausgewiklte
Frilchte in den Vereinigten Staaten (nach Pimentel et al., 1975).

Tableau 2. Production de certaines cultures aux Etats-Unis en protéines et en énergie ainsi gue les
quantités d'énergie apportées et produites (Pimentel ct al., 1975).
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Table 3. Energy budget for the potato crop in selected countries expressed in gigajoules (GJ) (data derived from(a)
CIP estimates; (v) PCARR, 1979; (¢) Durr, 1980; (d) Pimentel, 1974; (¢) van der Zaag, 1978).

Peru® Philippines® Rwanda® USAY  Netherlands®

highland' coastal
areas®

modern?®  traditional®

Labour? 1.62 0.95 0.43 1.24 1.35 0.14 0.08
Oxen® 0.35 : 1.44 - - - -
Seed’ 9.33 530 9.75 1482 397 LI 620
(1) Sub-total® 10.70 6.25 11.62 16.05 5.32 1.27 6.28
Tractor and equipment’  0.82 - - : 0.!1 12.43 21.86
Fertilizers'%: N 24.30 2.58 12.30 6.70 - 10.88 |
p 1.88 0.61 2.08 6.70 - 342 | 35.79
K I.18 0.23 0.62 1.39 - 2.29
Pesticides " 1,29 0.34 031 0.10 - Lo 228
(2) Sub-total 29.47 3.76 15.31 14.89 0.11 30.72 59.93
(3) Total input 12(1) +(2) 40.19 10.01 2693 30.95 5.43 3199 66.21
(4) Gross energy oulpul“ 69.32 23.21 53.74 63.60 19.08 82.48 149.70
(5) Net energy output ™
(4) - (3) 29.13 13.20 26.81 32.65 13.65 50.49 83.49

Gross energy output per

unit non-renewable

energy 't (4):(2) 2.35 6.17 1.51 4.27 173.45 2.68 2.50
Gross energy output per

unit total energy

input ' (4),(3) 1.72 2.2 2.00 2.05 3.51 2.58 2.26
Yield'” (1; ha) 218 7.3 16.9 20.0 6.0 25.6 41.0

UHochland — Hauts- Plateaux; = Modern— Moderne; * Herkommlich Traditionnel: ¥ Kiistengebiet — Régions
littorales: < Arbeitskrifte - Main d'oeuvre; "(Ochsen) tierise e Zugkrifte  Travail animal (hoeufs); “Saargut -
Semences: * Zwischensumme  Sous-1otal; “S('h/up/u-r und Muasclunen  Tracteur et équipement; ™ Diingemittel -
Fertilisants; ! Pflanzenschunzmittel  Pesticides; = Gesany energieemsatz— Apport énergélique total: ™ Brutto-
energivaussstoss — Energie produite totale; ! Netio-Energie susstoss - Energre produite nette; '* Bruttoenergie-
ausstoss pro Einheit der nicht erneverbaren Energie  Energie produite totale par unité d'énergie non renouvelable;
5 Bruntoenergicausstoss pro Einhwit des Gesamienergiceinsatzes - Energie produite totale par unité d'énergie totale
apportée; ' Ertrag Rendement

Tabelle 3. Encrgicbilany fir die Kartoffel in ausgewiihlten Lindern ausgedrucktin Gigajoules (GJ) (Daten von(a)
Schiitzungen des CIP; (b) PCARR, 1979; (¢) Durr, 1980, (d) Pimentel, 1974; (¢) van der Zaag, 1978).

Tableau 3. Compte énergétigue de la culture de la pomme de terre dans certains pays. ex prime en gigajoules (GJ)
(données issues de (a) estimations CIP; (b) PCARR, 1979; (c) Durr, 1980: (d) Pimentel, 1974: (¢) van der Zaag,
1978).

Production costs

The estimated production costs for potatoes, wheat, rice, and swecet potatoes can be
compared from Tables 4 and 5. Table 6 summarizes production costs averaged from
many developing countries and Table 7 those from the Netherlands.

In developing countries, production costs for sweet potatoces, rice, and wheat, ex-
pressed in kg dry matter or in terms of energy, are lower than those for potatocs, whereas
in the Netherlands those for energy or protein from potatoes do not differ greatly for
those from wheat. The production costs for wheat in developing countrics and in the

Potato Researcly 26 (1983) 329
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Table 4. Production cost (USS; ha) for selected crops in different regions in 1977 (FAO estimates
of yields and farm-level prices: production cost per kg assumed as 90 ¢, of the farm-level price).

Potato! Wheat® Rice? Sweet potato*
Africa (10 countries ) 1018 131 293 597
Latin America (7 countries) 1274 227 315 702
Far East (9 countrices) 1830 192 312 652

L2XSiche Tabelle 2 Voir tablean 23 Siivakartoffeln Patate dovce; S Linder Pays

Tabelle 4. Produktionskosien (USS$, ha) fir ausgewiihlte Fruchte in verschiedenen Gebieten 1977
(basierend auf Schiitzung der FAO des Ertrages und der Erzeugerpreise und der Annahme, dass
dic Produktionskosten pro kg 90 ¢¢ des Erzeugerpreises betragen’.

Tableau 4. Codit de production (USS, ha) de certaines cultures dans certaines regions, 1977 (a
partir d'estimations du FAO sur les rendements et les prix d'exploitation en supposant un colt de
production par kg ¢gal 490 € du prix d'exploitation).

Netherlands are about «he same, but the production costs for potatoes are more than
wice as high indeveloping countries as in the Netherlands. In developing areas produc-
tion costs often vary with altitude; in Kenya, for example, at high altitudes the cash
outlay for maize and potatoes is about equal while at mid-elevation maize is much
cheaper than potatoes (Table 8).

Estimates for several countries (Tables 9 11) show that seed potatoes are the single
highest input accounting in South America and tropical Africa for 20 40 ¢.. in Asia
30 55 G¢. and in Central America about 50 ¢ of production costs. In developing coun-
tries, labour at 15 60 ¢ or more is usually the second-highest input. Equipment, fucl,
chemical fertilizers, and pesticides account for a small proportion of the costs in Africa,
0-25 0, rising 10 40 C¢. or more in Asia and Latin America.

Inthe USA and the Netherlands, seed and labour account for ca. 20 Coand 8 16 ¢ of
the production costs respectively, but industrial inputs account for >66 ¢ of the costs.

While the cost structures vary between countries, total costs mostly lie between
US$ 1000 and US$ 2000 per ha and are much higher than those for other major foods

Table 5. Production cost (USS) per kg dry matter for selected crops in some regions, 1977 (data
from Table 4).

Developing market economies in® Potato’ Wheat* Rice? Sweet potato*
Africa 0.78 0.22 0.25 0.34
Latin America 0.67 0.21 0.20 0.33
[Far East 0.86 0.16 0.17 0.30

L2338iohe Tubelle 2, 4 - Voir tablean 2.4 S Ennvickelre Muarkrwirtschaft in -~ Pavs en voie de
développement avec économie de marché en

Tabelle 5. Produktionskosten (USS) pro kg Trockensubstanz fidr aysgewiihlte Frichte in cinigen
Gebicten 1977 (Daten siche Tabelle 4)., .”

Tableau 5. Coit de productien (USS) par kg de matigre séche de certaines cultures dans certains
pays, 1977 (chiffres a partir du tableau 4).
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Table 6. Production cost and consumer price of potatoes, wheat, and rice per ha and per unit
energy and protein in developing countries (based on data from Horton, 1983).

Average Production cost in US$ per? Consumer price in

yield ! USS$ per?

1978 -80 ha i0°kJ 1 kg

(1/ ha) energy*? protein**  10%kJ 1 kg

energy protein

Potatoes® 10.5 1524 47 7 97 15
Wheat-bread’ 1.4 252 14 2 47 5
Rice* 2.1*~ 382 18 4 37 7

* Potatoces - Nartoffeln - Pommes de terre US$ 0.30/ kg: 100 g = 310 kJ; protein 2 %
Bread - Brot  Pain UUS$0.43. kg 100 g = 907 kJ; protein 7.9 G4

Wheat - Heizen  Blé; 100 g = 1297 kJ; protein 10 ¢

Rice  Reis  Riz US$0.52, kg; 100 g = 1415 kJ; protein 7 G,

** 70 C; edible - 70 ¢ essbar 7000 consommable.

VDurchschnittlicher Erirag Rendement moven;: * Produktionskosten in US$ pro - Cotit de
productionen USS par: Verbraucherpreise in USS pro- Prixde déailen USS par:” Weizen-Brot
Pain a base de blé; 5% Siehe Tabelle 2 Voir tableau 2

Tabelle 6. Produktionskosten und Verbraucherpreise in Entwicklungslindern fir Kartoffeln,
Weizen und Reis pro ha und pro Energic- und Proteineinheit (basierend aut Angaben von Horton,
1983).

Tableau 6. Coit de production et prix de détail de la pomme de terre, du blé, du riz par ha et par
unité d'énergic et de protéines dans les pays en voic de développement (4 partir des chiffres de
Horton, 1983).

(Table 4) confirming that in all regions the potato is a high-input/ high-output crop.
Yields and costs per ha are higher in developed than in developing countries, but since
the yield gap is greater than the difference in costs per ha, costs per kg output are higher
in developing than in developed countries.

Utilization

Utilization in general
Estimates of world potato utilization (Table 12) show that nearly one third is used for
fodder. Some Western European countries used to grow fodder potatoes on a large scale
but now only Eastern European countries do so. Fodder accounts for ca. 66 and 55 95 of
production in Poland and Russia respectively, the world’s two largest potato-producing
countries.

Production for starch and alcohol is of only limited importance except in the Nether-
lands where ca. 33 6 of the crop is grown for starch.

Human consumption

Poats (1982) has shown that the FAO statistics we have used may significantly underes-
timate potato consumption in developing countries and our estimates probably show no
more than orders of magnitude.

(98]
L98 ]
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Table 7. Yields, costs and prices (USS) for production and to the consumer for three crops in the
Netherlands (derived from Anon., 1981

Average Production cost per? Consumer price®

vield' per?

(t; ha) ha 100 kJ I kg

enerpy®? protein™ 108kl ! kg
encrgy protein

Potatoes® 45 2500 18 3 81 13
Wheat’ 6.5 1406 17 2 116 13
Sugar-beet® 50 1900 14 - St

aUS$/ kg pre-packed potatoes 0.25 (wide [luctuations); brown bread 1.05; sugar 0.85 - 100 g =
1673 kJ - USS/ kg: Abgepackte Kartoffeln 0,25 (starke Schwankungen); Mischbrot 1,05; Zucker
0.85 - 100 g=1673 kJ US3/kg: Pommes de terre pré-emballées 0,25 (fortes fluctuations): Pain de
son 1,05; Sucre 0,85 - 100 g = 1673 kJ.

bEnergy and protein for potatoes, wheat and bread see Table 6 Energie und Protein fiir
Kartoffeln, Weizen und Brot siche Tabelle 6 Energic et protéines pour la pomme de terre, le hlé et
le pain voir tableau 5.

*Sugar equivalent of 8 t ha - Zucker Acquivalent von 8 t/ha  Sucre équivalent de 8 1/ ha.

VI Siehe Fabelle 2, 6 Voir tableau 2, 6, 8 Zuckerriiben  Sucre de betterave

Tabelle 7. Ertriige, Kosten und Preise (US$) fitr Froduktion und fiir den Verbraucher in den
Niederlanden ftr drei Frifchte (basierend auf Daten von Anon., 1981).

Tableau 7. Rendements, cofit et prix (US$) de production et de consommation pour trois cultures
aux Pays-Bas (chiffres itssus de Anon., 1981).

Table 8. Growth periods, yiclds, costs and productivity of maize and potatocs at two altitudes in Kenya {van de:
Zaag, 1982a).

Altitude! Crop? Growth  Productivity; ha* Production costs® (Ksh)*
(m) period
{days)' total per day® yield energy protein
vield* (kg/ ha) (104 kD) (1 kg)
(k) encrgy™  protein™
(10°K)) (1 kp)
17002300 maize ' 150 1350 135 0.9 1200 59 9
potatoes ! 120 7200 158 1.0 2800 148 23
>2300 maize 300 900 45 0.3 1300 96 15
potatoes 150 11000 193 1.2 2900 100 16

2K sh = Kenian shilling  Kenia Schilling — Shilling kénian.
PPotatoes 100 g = 310kJ: 26 protein (85 % edible - exsbar  consommable).
Maize 100 g = 1498 kJ; 9.5 ¢ protein.

VHohentage - Altitude, * Kultur - Culture; * Wachstumsperiode (Tage)  Période de croissance (jours); * Produk
tion — Production; S Gesamtertrag - Rendement total; * Pro Tag - Par jour: Y Produktionskosten - Cotit di
production; "W Siehe Tabelle 2 - Voir tableau 2

Tabeile 8. Wachstumsperiode. Ertriige, Kosten und Produktion fiir Mais und Kartoffeln in zwei Hohenlagen it
Kenia (van der Zaag, 1982a).
Tablcau8. Période de croissance, rendements, codt et production pour le mais ct fa pomme de terre a 2 altitudes an
Keénya (van der Zaag, 1982a).
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Table 9. Cost structure for the potato erop in selected countries of South America (based on: (a) CIP estimates; (b}
Soliz. 1978; (¢) Florez et al., 1979; (d) Fu, 1979).

Peru Ecuador® Colombia*® Chile!
highlands highlands
coast’'  highlands!'? South " Central™
Structure' (C)
Labour?’ 17 16 37 34 15 24
Equipment (incl. fuel)? 11 10 7 6 21 25
Sced*? 38 29 27 24 13 37
Fertilizers®
chemical® 12 14 19 22 31 12
organic’ 8 14 . - - -
Pesticides* 4 1 10 14 2
Total” 100 100 100 100 100 100
Total in 1980 in USS" 1653 1591 1496 1240 2357 1444

YStruktur - Exploftation; Y Arheitskrifte  Main d'ocuvre; V€M aschinenausriistung (einschliesslich Treibstoff)
Equipement (carburants inclus); * Saatgut - Semences; > Diingemittel  Fertilisants; ® Mineralisch - Chimiques;
7 Organisch  Fumure organique;® Pllanzenschuizmittel - Pesticides; 9 Gesamt - Total: " Insgesamt im Jahr 1980 in
USS - Total en 1980 exprimé en USS: ' Kiistengebier - Littoral: ? Hochland - Fawts-Plateaux: B Stiden - Sud:
Wzemral  Central

Tabelle 9. Kostenstruktur fiir die Kartoffel in ausgewiihlten Lindern Sitdamerikas (basierend auf Daten von (a)
Schitzungen des CIP; (b) Soliz, 1978 (¢) Florez et al., 1979; (d) Fu, 1979).

Tableau 9. Cont d’exploitation de la culture de Ja pomme de terre dens certains pays d'Amérique du Sud (4 partir:
(a) d'estimation C1P; (b) Soliz, 1978: (¢} Florez et al., 1979; (d) Fu, 1979).

Table 10. Cost structure for the potato crop in selected countries of Asia (based on data in(a) Elias
et al.. 1980; (b) Menegay & Huang, 1975; (¢) Anon., 1977; (d) Wustman & Mahfooz, 1980; (c)
PCARR, 1979).

Bangladesh® India® Korca®  Pakistan?  Philippines®

Structure! (€7)
Labour? 20 18 K1 18 16
Equipment {incl. fuel)? 15 6 3 6 2
Sced? 36 45 32 53 55
Fertilizers®

chemical® 26 18 26 7 8

organic’ 9 13 9
Pesticides® 1 _ 4 1 3 10
Total” 100 100 100 100 100
Total in 1980 in USS™Y 2589 1352 1893

V0 Siohe Tabelle 9 - Voir tableau 9

Tabelle 10. K ostenstruktur filr die Kartoffel in ausgewihlten Lindern Asiens (basicrend auf Daten
von (a) Elias et al.. 1980: (b) Menegay & Huang, 1975;(c) Anon., 1977;(d) Wustman & Mahfooz,
1980; (¢) PCARR, 1979).

Tableau 10. Coiit d'exploitation de la culture de la pomme de terre dans certains pays d'Asic (a
partir: (a) Elias ¢t al., 1980; (b) Menegay & Huang, 1975: (¢) Anon., 1977; (d) Wustman &
Mahfooz, 1980; (¢) PCARR, 1979).
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Table I1. Cost structure for the potato crop in selected countries of Africa, Central America, USA and the
Netherlands (based on data in (a) Durr, 1980: (b) Anon., 1975:(c) Ferroni, 1981;(d) Grieg, 1975;(¢) Anon., 1981).

Kenya®  Rwanda® Guatemala®  Mexico®  USAU Netherlands®*

Structure' (G¢)
Labour? 54 62 10 18 8 16
Equipment (incl. fuel)? 6 - 5 la 39 27
Seed? 21 18 53 47 19 18
Fertilizers®

chemical® 4 17 16 23 1

organic’ 8 . - - - -
Pesticides® _1 o 5 _5 s 8
Total? 100 100 100 100 100 100
Total in 1980 in USS" 637 306 1453 1079 1777 2500

*Fixed cost 20 ¢ Feste Kosten 20¢; - Charges fixes 20 C;.
VW Siehe Tabelle 9V oir tableau 9

Tabelle 11. Kostenstruktur fir die Kartoffel in ausgewiihlten Lindern Afrikas, Zentralamerikas, in den USA und
den Niederlanden (basierend auf Daten von (a) Durr, 1980: (b) Anon., 1975; (c) Ferroni, 1981; (d) Grieg, 1975; (¢)
Anon., 1981).

Tableau 11. Colt dexploitation de la culture de la pomme de terre dans certains pays d'Afrique, d'Amérique
Central, aux Etats-Unis et aux Pays-Bas (4 partir: (a) Durr, 1980; (b) Anon., 1975: (c) Ferroni, 1981; (d) Grieg,
1975; (¢) Anon., 1981).

In Western Europe consumption has stabilized at about 90 kg per capita per annum
and in the USA, where it is lower than in Western Europe, consumption is gradually
increasing (Fig. 5). Eastern Europe has the highest per capita consumption of any world
region; in Poland, Rumania, USSR, DDR and Hungary it is 168, 158, 140, 130 and
120 kg per annum respectively (Kapsa, personal communication).

Annual consumption is stable in Latin America (20-25 kg), while in other developing
regions, especially Asia, consumption is increasing (Fig. 6) but in Africa and the Far East
it is only about 6 kg per capita.

Table 12. Utilization of the world potato crop (based on data in CIP, 1982).

Use! Quantity* (10*1) Co
Human consumption? 126 45
Stock feed? 88 3
Starch? 6 2
Seed® 39 14

"Werwendung - Utilisation; * Menge  Quantité; Y Mensehlicher Verzehr — Consommation hu-
maine; * Viehfutter - Alimentation animale; * Stiirke - Fécule: S Pflanzgur - Plant

Tabelle 12. Verwertung der gesamten Kartoffelmenge der Welt (basierend auf Daten des CIP,
1982).
Tableau 12. Utilisation de la pomme de terre dans le monde (3 partir des chiffres du CIP, 1982).
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Fig. 5. Annual consumption per capita in (1) USA (x).

kg/year and(2) Belgium, Federal Republic of Germany, France,
i Netherlands and UK (@) (Sources: Potato Statistical
s0b \\ At ———? Yearbook, 1981, Denver, Colorado, USA; Produkt-
o \/ schap voor Aardappelen, Den Haag, the Netherlands).

Abb. 5. Jihrlicher Pro-Kopf-Verbrauch in (1) US A (<)

" und (2) Belgien, Bundesrepublik Dewtschland, Frank-

sor \ — reich, den Niederlanden und Grossbritannien (@ )(Quel-

G T TS ens Potato Statistical Yearbook, 1981, Denver, Colo-
rado, USA: Produkischap voor Aardappelen, Den

“or Haag, Niederlande).

1 Fig. 5. Consommation annuelle par habitant (1) aux

Etats-Unis (X) et (2) en Belgique, en République Fode-
wor rale Allemande, en France, aux Pays-Bas et au Royau-
me-uni(®)(Sources: Potato Statistical Yearbook, 1981,
Denver, Colorado, USA; Produkischap voor Aardap-

a4
197072 2273 7076 TS 15176 76T T8 wmas Tagssorm pelen, Den Haag, Pavs-Bas).

Farm-level and retail prices

Retail prices of potatoes are higher in developing countrics than in Western Europe,
while the prices of bread and rice are lower (Table 13). Consumer costs of nutrients in
these foods (Table 14) are based on 1LO (1978) retail prices and USDA (1975) food
composition tables. The relative retail costs of energy and protein derived from potatoes,
wheat flour and rice in several countries are shown in Table 15, Assuming 100 %
consumption, then in developing countries energy and protein cost much less from bread
and rice than from potatoes.

Table 13. Average retail prices for potato, bread. and rice in different parts of the world 1977
(USS3, 100 kg) (data derived from 1LO, 1978: UN, 1980; IMF, 1980).

Potato' Brcad®  Rice®

Developed countries®

USA 40 82 79
Western Europe (14 countries®) 27 93 12
Eastern Europe (4 countrics) 39 75 120
Developing market economies®

Africa (20 countries) 53 55 71
Latin America (13 countries) 40 70 56
Near East (4 countrices) 44 M 87
Far East (9 countrics) 28 55 M

"Xartoffeln - Pommne de terre;* Brot -~ Pain; * Reis - Riz; * Industriestaaten -- Pays industrialisés;
SEnnwicklungslinder mit Markthandel - Pavs en voie de développement avee économie de
marché; ® Linder - Pays

Tabelle 13. Durchschnittliche Verbraucherpreise 1977 fir Kartoffeln, Brot und Reis in verschie-
denen Teilen der Velt (USS$/100 kg) (Daten von ILO, 1978; UN, 1980: IMF, 1980).

Tableau I3, Prix de détail moyens de la pomme de terre, du pain, du riz dans différentes régions du
mondc en 1977 (USS$/ 100 kg) (chiffres issus de [LO, 1978; UN, 1980: IMF, 1980).
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In countries with market economies the {luctuating prices of ware potatoes are
determined by supply and demand whereas the average price over long periods is
determined by costs of production, storage, and distribution. Available data do not
support the often argucd view that retail potato prices are high in developing countries
because of high marketing costs and retail profits. Indeed, larmers receive a higher
proportion of the retail price in developing than in developed countrics (Table 16).
Moreover, while the marketing margin is lower, the production cost per unit of edible

Fig. 6. Development of the annual consumption per head in developing countries with market
economies in (1) Latin America (0),(2) Africa(®),(3) Near East (a), and (4) Far East (X) (assumed
that rate ol consumption =[0.9 X total production (in kg) - 1500 X area cropped (in ha))/ popula-
tion (based on the production and population in 1978 1980, FAO Production Yearbook).

1) 7 =257-0.13x 2) £ =291 +0.3084x - 0.0106x?
r=0.39 r=0.88
3 P=1324+0.62x 4) 7 =3.68 +0.0407x + 0.0105x1
r=0.94 r=09I
kg/heod
e
wF Tte~o__° .
st ° TTe~ L o ©
24+ o ° ; e 1
23r ° o
2k o o a & /3
-
20} - 4
e kg/ head - kg/ Kopf - kg/habitani
:: [ 7 a vear - Jahr - Année
17f Ve ¢ Abb. 6. Entwicklung des jihrlichen Pro-
6l oy o Kopf-Verbrauches in Entwicklungslin-
s dern mit Markiwirtschaft in (1) Latein-
Br e amerika (O), (2) Afrika (), (3) Nah-Ost
141+ 4 (a) und (4) Fernost (X) (unter der An-
Nd nahme, dass die Verbrauchsrate berech-
ek netr wird aus: [0,9 X Gesanmiproduktion
(kg) - 1500 X Fliche (ha))/ Bevilkerung
nr (basierend auf Produktion un-d Bevilke-
10r rung 1978 1980, FAO Production
9t Yearbook).
Fig. 6. Evolution de la consommation
8} .
. annuelle par habitant dans les pays en
[y .o & voie de développement i économie libre
6} " {,.n-" x (1) d'Amérique latine (0), (2) d’'Afrique
sl ezt -2 (@), (3)du Proche-Orient (o) et (4) d'Ex-
. “‘_",,.v-':"‘"’ ’ tréme-Orient (X), en estimanit que le ni-
AFactem g ctae veau de consonimation est égal a [0,9 X
3" la production totale (kg) 1500 X la sur-
2t Jace cultivée (en ha))/ population (hasé
a. sur la production et la population en
(978-1980, FAO Production Year-

i 1 1 1 1 1 1 1 1 O N WIS D | 1 N
'66 '67 '68 69 70 /1 72 ‘73774 75 76 '77 ‘7879 B8O yeor hook ).
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Table 14. Average cost (US$) of 10¢ kJ food energy and | kg protein from potato, bread and rice
1977 (derived from Table 13).

Potato! Bread? Rice?

cnergy®** protein’** energy protein energy protein

Developed countries®

USA 129 20 99 10 56 11
Western Europe (14 *) 87 14 103 12 79 16
Eastern Europe (4) 126 20 83 9 85 17
Developing countries®

Africa (20) 171 27 61 7 50 10

iLatin America (13) 129 20 77 9 40 8

Near East (4) 142 22 34 4 3 12

Far East (9) 90 24 61 7 24 5
*Number of countries - Zahl der Liinder - Nombre de pays.

**For energy and protein values see Table 6 - Energie- und Proteinwerte siehe Tabelle 6 - Voir

tableau 6 pour les valeurs de protéines et d'énergie.

1234 Siohe Tabelle 13 - Voir tableau 13; * Entwicklungslinder - Pays en voie de développement

Tabelle 14. Durchschnittliche Kosten (US$) fiir 10® kJ Nahrungsenergie und | kg Protein aus
Kartoffeln, Brot und Reis 1977 (abgeleitet aus Tabelle 13).

Tableau 14. Codts moyens (US$) de 10 kJ d'énergie alimentaire et d'l kg de protéines i partir de
la pomme de terre, le pain et le riz en 1977 (issus du tableau 13).

encrgy is higher in developing countries than in the Netherlands, an industrialized
country(Table 17). Hence, the high retail prices in developing countries is due not to high
distribution costs, but 1o high production costs.

Price and income elasticities

It is often assumed that potato consumption is insensitive to changes in prices and
income levels. Regression analyses were used to study the relationships between prices,
income and consumption by using estimates of consumption (FAQ, 1980), incomes
(ILO, 1978) and prices (ILO, 1978) for 51 countries. Based on previous work (FAQO,
1972; Quintanilla, 1978; Amat y Le6n & Curonisy, 1981). the following relationship was
postulated:

C=alt P (N

where:
C = per capita consumption (kg),
= hourly wage rate of bricklayer (US$),
retail potato price (US$),
= constant,
= income elasticity of demand,
¢ = price elasticity of demand.
The logarithmic form of Eq. | allows coefficients a, b and ¢ to be estimated with least

> 5
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Table 15. Retail prices relative to ware potatoes as 100 in each case for wheat flour and rice in terms
of energy and protein (based on data from: Centraal Bureau voor de Statistiek, the Netherlands).

Countries Date? Wheat flour? Rice®
(city)!

energy ** protein*? energy protein
Congo 1977-79 32 26 15 20
India 1973-77 21 17 24 31
(Bombay-Calcutta)
Irak 1973-76 15 12 41 54
(Bagdad)
Israel 1975--78 21 17 40 52
Jamaica 1973-77 16 14 20 25
(Kingston)
Jemen 1974-75 15 15 20 25
(Aden)
Jordan 1974-77 13 13 36 46
Kenya 1976-78 46 38 31 40
{Nairobi)
Pakistan 1974-80 17 15 30 39
(Lahore)

*Sece Table 14 - Siehe Tabelle 14 - Voir tableau 14.

VLand(Stadt) - Pays (ville): 2 Zeitraum - Darte; > Weizenmehl - Farine de blé: 330 Siehe Tabelle 2 -
Voir tableau 2

Tabelle 15. Durchschnittliche Verbraucherpreise in Bezug auf Speisekartoffeln (= 100) fiir Wei-
zenmeh!l und Reis in Bezug zu Energic und Protein (basieread auf Daten vom Centiaal Burcau
voor de Statistiek, Niederlande).

Tableau 15. Prix de détail relatif 3 des pommes de terre de consommation (= 100) de la farine de blé
et du riz, en termes d’énergie et de protéines (2 partir des chilfres du Centraal Bureau voor de
Statistick, Pays-Bas).

Table 16. Farm price as percentage of retail price in selected regions and countries (based on FAQ,
unpublished; and ILO, 1978).

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

"Linder - Pays

Tabelle 16. Erzeugerpreise als Prozent der Verbraucherpreise in ausgewihlten Regionen und
Ldndern {basierend auf unverdffentlichten Angaben der FAO; und ILO, 1978).

Tableau 16. Prix d’exploitation en pourcertage du prix de détail dans certaines régions ct pays
(sources: FAQ, non publiée, et ILO, 1978).

338 Potato Research 26 (1983)



POTATO PRODUCTION AND UTILIZATION IN WORLD PERSPECTIVE

Table 17. Production cost, consumer price, and marketing margin for 10° kJ edible energy from
potatoes, wheat and rice (based on data in Tables 6 and 7).

Netherlands Developing countries*
potatoes' whcatz sugar® potatoes  wheat/ rice?
bread* bread
1. Consumer price® (US$) 81 116 51 97 47 37
2. Production cost” (USS$) 18 17 14 47 14 18
3. Marketing margin® (1-2) 63 99 37 50 33 19
JasQof I? 78 85 73 52 70 51

' Karioffeln - Pomme de terre; * Weizen/ Brot - Blé/ pain; * Zucker - Sucre; * Entwick lungslinder

. ; ; S Rois - Riw 6 . " e il i
- Pays en voie de développemeni; * Reis - Riz; ® Verbraucherpreis - Prix de détail: 7 Produktions-
kosten - Coiit de production;® Markigewinn - Marge bénéficiaire;° 3 alsShvon I - 3 comme % de |

Tabelle 17. Produktionskosten, Verbraucherpreis und Marktgewinn fir 10% kJ essbare Energie
von Kartoffeln, Weizen und Reis (basierend auf Daten in den Tabelle 6 und 7).

Tableau 17. Codt de production, prix de détail et marge bénéficiaire pour 10° kJ d'énergie
consommable & partiv de la pomme de terre, du blé et du riz (& partir des chiffres des tableaux 6 et
.

squares (¢ values are given in parenthesis):

log C = -0.205 + 0.965 log / - 2.209 log P (2)
(8.62) (8.25)

Eq. 2, which accounts for 75 % of the variation, shows that per capita consumption is
highly responsive to changes in income and price. The estimated income elacticity of
0.965 means that if incomes increase by 1 95 consumption will similarly increase; the
price clasticity of -2.208 means that for cach | % decrease in potato prices, consuraption
will increase by 2 9. It should be noted that the values of these elasticities are much
greater than those published for most developed countries, and assumed to prevail in
most developing countries (FAO, 1972; IFPRI, 1977).

Future development and limiting factors
Ethanol as energy

Biomass production has been studied as a potential source of energy in many countries
by examining (I) the cost of production and processing, (2) the energy output/input
ratio, and (3) energy or ethanol production per ha. In Western Europe both fodder and
sugar-beets can produce more cthanol per ha than potatoes(Dambroth & Bramm, 1980;
Brand, 1979), sugar being considerably cheaper than potatoes (Table 18). In terms of
both energy yizld per unit arca and cost per unit of energy, wood is much more promising
than field crops, but production from wood is economic only where it can be produced
on land unsuitable for other crops.

The results of studies in the USA (Krochta, 1980) showing the energy output/input
ratio for various crops and the overall energy balance for production of ethanol from
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Table 18. Cost of biomass production for energy for Dutch conditions (Brand, 1979).

Crop! Energy Encrgy used Net cnergy Cost per unit
production? for crop* production* biomass encrgy
(GJ/ha) (GJ/ha) (GJ/ha) (guilders per GJ)*

Sugar-beet® 180 25 155 29.3

Potatoes’ 141 55 86 52.0

Wheat® 94 28 66 49.0

Wood for cnergy

production® 288 18 270 9.3

"Bestand - Culture; ® Energieproduktion - Production d'énergie; * Fiir den Bestand verbrauchte
Energie - Utilisation d'énergie par la culture; * Nettoenergieproduktion - Production nette d'éner-
gie; > Kosten pro Energieeinheit aus Biomasse (Guiden] GJ) - Cotir de U'énergie produite par unité
de biomasse (florins par GJ); ® Zuckerriiben - Sucre de betterave;? Kartoffeln - Pomme de terre;
8 Weizen - Blé; ° Wald zur Energieproduktion - Bois pour la production d'énergie

Tabelle 18. Kosten fiir die Produktion von Biomasse zur Energiegewinnung unter hollindischen
Bedingungen (Brand, 1979).
Tableau 18. Coitt de production de la biomasse aux Pays-Bas pour I'enesgie (Brand, 1979).

various biomass, are shown in Table 19; the overall balance is usually negative or near
break-even and only processes with crop residues have a clear positive balance.

A small positive balance (1.1) can be obtained with potatoes if the input for crop
production is 19 X 10? Btu/gal ethanol and the output/input energy ratio is 4.4, viz
84/19, an cxceptionally high ratio compared with a more acceptable figure of 2.5
(Pimenteletal., 1975; vander Zaag, 1978; Brand, 1979). Waelti(1981) calculated a total
output/input energy ratio of .35 if by-products of ethanol production are not dried, but
his calculation is based on a yield of 124 t/ ha; if yields were reduced to 99 t/ ha, the energy
balance is near the break-even point. From these examples we conclude that the potato is
not likely to be used for ethanol production as a source of energy.

Srarch

Van der Zaag (1976), comparing potatoes with maize, concluded that production of
potatoes for starch would be competitive only if maize prices were above Dfl. 30-35 per
100 kg. If it is now assumed that to produce | kg starch(dry matter (DM) content 88 ¢p)
about 5.5 kg potatoes (22 % DM) or about 1.55 kg maize are needed, and that the
processing cost of | kg potato starch (disregarding the price of raw material and possible
returns from by-products) is Dfl. 0.25 higher than the processing cost of | kg maize
starch, then the total production cost of | kg starch is:

550y +(p+ 0.25|) for potato starch
1.55x+ for maize starch

where:
» = price of potatoes per kg,
x = price of maize per kg,
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7 able 19. Overall energy* balance for production of fuel-grade, anhydrous ethanol from various hiomass (Krochta, 1980).

Maize! Sorghum?  Wheat* Potatoes* Sugar- Sugar- Molasses’  Residues®
beets® cane®

Inputs®
Crop production'® 33-65 38-76 29-64 19-69 21-4] 11-31 33-65 0
Feedstock
preparation! 9 9 9 9 9 9 0 18-36
Fermentation !’ 0 0 0 0 0 0 0 0
Distillation"? 30 30 30 30 30 30 30 60**
By-product recovery 30 30 37 12 39 0 0 15
Miscellaneous ' 15 15 15 15 15 15 15 3¢
Electricity ' 10 10 10 10 10 10 10 20
Total!? 127-159 132-170 130-165 95-145 124-144 75-95 88-120 143-161
Outpurs'®
Ethanol*® 84 84 84 84 84 84 84 84
By-products*® 50 50 62 20 65 0 0 168 ***
Total 134 134 146 104 149 84 84 252
Outputs/inputs 0.8-1.1 0.8-1.0 09-1.1 0.7-1.1 1.0-1.2 0.9-1.1 0.7-0.9 1.6-1.8

*In 1000 Btu/ gal ethanol: 1 Btu = 1.055 kJ; I gal = 4.546 1 (GB) or 3.785 1 (USA).

*=* Distillation of ethanol and pentose-conversion product - Destillation von Aethanol und Pentose-Umkehrproduktion - Distillation de
léthanol et du produit de conversion du pentose.

**= |ncludes pentose-conversion and lignin products - Einschliesslich Pentoseumkehr- und Ligninprodukten - Y compris la conversion du
pentose et les produits lignifiés.

' Mais - Mais; 2 Sorghum - Sorgho:* Weizen - Blé;* Kartoffeln - Pomme de terre;® Zuckerriiben - Sucre ue betterave:® Zuckerrohr - Canné a
sucre: T Melasse - Mélasse; ® Riicksténde - Résidus: ® Einsatz - Apport; '° Pflanzenproduktion - Production; ' Viehfutterausbereitung -
Préparation animale; 1> Fermentation - Fermentation; \* Destillation - Distillation: * Riickgewinnung der Beiprodukte - Récupération de
sous-produits; 3 Verschiedenes - Divers: ‘¢ Elektrizitdr - Flectricité: ' Summe - Toual: "® Ausbeute - Production; ** Aethanol - Ethanol:
0 Beiprodukte - Sous-produits

Tabelle 19. Gesamtenergiebilanz fiir die Herstellung von treibstoffartigem wasserfreien Aethanol aus verschiedener Biomasse (Krochta,
1980).

Tableau 19. Balance énergétique totale pour la production d’un carburant éthanol anhydre a partir de différentes biomasses (Krochta. 1980).
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p = processing cost per kg.
Hence, for production of | kg starch of equal cost from potatoés and maize;

550y +(p+0.25)=155x+p, or 3)
¥y =028 x-0.045

Based on(a) the price relationship of Eq. 3, (b) average yields for maize and potatoes in
the Netherlands (Table 20), and (c) revised gross margin calculations for these two crops
(Appendix 1), the gross margins per haat 5, 7and 8.5 t/ ha yield for maize and 30,40 and
50t/ hayield for potatoes have been calculated for a range of prices. From Fig. 7 it can be
concluded that even at a maize price of Dfl. 0.70, kg, a potato crop yielding 40 t/ ha
cannot compete with a maize crop yielding 7 t/ ha.

In the Common Market, where the maize price is about Dfl. 0.55; kg, starch produc-
tion from potatoes is competitive with maize only if the potato price is below about
Dfl. 0.11/ kg, at which price potatoes are less profitable for farmers than maize. There is,
therefore, no reason to expect an increase in potato production for starch in countries
where maize can be imported at less prices below DAl 0.70 (US$0.23)/ kg.

Stock feed

Van der Zaag (1976) concluded that production of potatoes for stock feed was feasible
only if barley and maize prices rose above Dfl. 45 and Dfl. 60 per 100 kg respectively.
Despite a recent increase in the price of barley to Dfl. 50 per 100 kg potato production for
stock feed has almost disappeared in Western Europe; its persistence in Eastern Europe
may reflect a relative production advantage for potatoes in countries with centrally
planned economies.

Table 20. Average and relative yields of potatoes, barley and maize 1978-1980 (based on FAQ
Production Yearbook, 1980).

Potatoes' Barley? Maize?
Average yield® (1] ha)
North America 25.4 2.48 6.27
Western Europe 22.5 353 4.87
Netherlands 376 4.80 6.80
Relative vield (potato = 100)
North America 100 10 25
Western Europe 100 16 22
Netherlands 100 I 16

"Kartoffeln - Pomme de terre; 2 Gerste - Orge; * Mais - Mais: ¥ Durchschninlicher Ertrag -
Rendement moyen; S Relativer Ertrag ( Karioffel = {00) - Rendement relatif (pomme de terre =
100)

Tabelie 20. Durchschnittliche und relative Ertrige von Kartoffeln, Gerste und Mais 1978-1980
(basierend auf FAO Production Yecarbook, 1980).

Tableau 20. Rendements moyens et relatifs de la pomme de terre, de I'orge et du majs pour
1978-1980 (Source: FAO Production Ycarbook, 1980).
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Fig. 7. Estimated relationship between prices of maize and potatoes for starch production and the
gross margins per ha at 5, 7 and 8.5 tonnes yield of maize and 30, 40 and 50 tonnes yield for
potatoes (for price relation maize ~ potatoes see text and for gross margin calculations Appendix

).

gross margin
guilders/ha

4000}
—— potafoes P 305 Gross margin - Bruttogewinn - Marge brute
- - - moze Guilders - Gulden - Florins

3000 Potatoes - Kartoffeln - Pomme de 1erre

Maize - Mais - Mais
2000 Abb. 7. Geschitztes Verhilinis zwischen den Prei-
sen fiir Mais und Kartoffeln fiir die Stirkeproduk-
tion und den Bruttogewinnen pro habei 5, 7 und 8,5
Tonnen Maisertrag und 30, 40 und 50 Tonnen Kar-
toffelertrag (Preisrelation Mais-Kartoffeln siehe
Text und Berechnung des Bruttogewinns siehe An-
hang 1).
Fig. 7. Rapports estimés entre les prix et les marges
brutes a lhectare du mais et de la pomme de terre
Séculiere pour des rendements de 5, 7 e1 8,5 1onnes en
PO P S S mais et de 30, 40 et 50 tonnes en pommes de teire
S o8 oas BN ‘57‘1’ Potawes  (voir texte pour la relation des prix mais-pommes de
guilders /100 kg terre et annexe | pour le calcul des marges brutes).

1000 -

-1000

A revised comparison based on the 1982 figures can be made as follows. Assume that
(1)4 kg fresh potatoes yield | kg dehydrated product, and (2) the relative food values per
kg of maize, barley, and dehydrated potatoes are 0.80,0.70 and 0.75 respectively; then for
1 kg of stock feed of equal cost and food value, given x, y and z equal the prices for | kg of
maize, fresh potatoes and barley respectively:

4y X z
= = 4)
0.75 0.8 0.7

The calculated gross margins per ha in 1981 for a good farm in the Netherlands where
all three crops grow well, are show« in Appendix 1. Fig. 8 and 9 show relative gross
margins per ha for maize, barley and potatoes for a range of prices based on Eq. 4. With
yields of 40, 5 and 7 t/ ha for potatoes, barley and maize respectively, potatoes for stock
feed are competitive only at prices above Df1.0.65/ kg for barley and far above this price
for maize.

In the Common Market, where barley and maize prices are now about Dfl. 0.50 and
Dfl. 0.55/kg respectively, potato production for stock feed is not profitable. On the
world market generally, barley, maize and other stock feeds are cheaper than in the
Common Market making potato fodder production even less profitable, a relationship
unlikely to change.
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Fig. 8. Estimated rlationship between prices of maize and feed potatoes and the gross margins per
ha at 5, 7 and 8.5 tonnes yield for maize and 30, 40 and 50 tonres yield for potatoes (for price
relationship maize-potatoes see text and for gross margin calculations Appendix 1).

Gross margin
guitders /ha

3000 _ 85
7
- 50
2000} 7
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T
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Potatoes
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L Il i 1 L 1
39 35 40 45 B0 B85 B0 mauze (ders/ 100k
703 620 937 1055 1172 1289 1406 potatoes IUders/100kg

Gross margin, Guilders, Maize, Potatoes - Siehe Abb. 7 - Voir fig. 7

Abb. 8. Geschitztes Verhilinis zwischen den Preisen fiir Mais und Futterkartoffeln und den
Bruttogewinnen pro ha bei5. 7 und 8,5 Tonnen Maisertrag und 30, 40 und 50 Tonnen Kartoffeler-
trag ( Preisrelation Mais-Kartoffeln siehe Text und Berechnung des Bruttogewinns siche Anhang

1)

Fig. 8. Rapports estimés entre les prix et les marges brutes a Uhectare du mais et de la pomme de
terre destinée a l'alimentation animale pour des rendements de 5, 7 et 8,5 tonnes en mais et 30, 40 et
S0 tonnes en pommes de terre (voir texte pour la relation des prix mais-pommes de terre et annexe
1 pour le calcul des marges brutes).

Human consumption

Temperate zone

In industrial countries with market economies, per capita potato consumption has
stabilized, the gradual decline in fresh potato consumption being offset by an increased
consumption of processed potatoes. Assuming constant consumption per capita, con-
stant population, and ca. | % annual yield increase, the area under ware potatces should
decrease by ca. 1 9% per year so that by the year 2000, the areca under wars potatoes in
North America and Western Europe should fall by about 20 %. It is not feasible to
forecast changes in countries with centrally planned economies.
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Fig.9. Estimated relationship between prices of barley and feed potatoes and the gross margins per
ha at 4,5 and 6 tonnes yield for barley and 30, 40 and 50 tonnes yield for potatoes (for price
relationship barley-pctatoes see text and for gross margin calculations Appendix ).
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Abb. 9. Geschiitztes Verhiltnis zwischen den Preisen fiir Gerste und Futterkartoffein und den
Bruttogewinnen pro ha bei 4, 5 und 6 Tonnen Gerstenertrag und 30, 40 und 50 Tonnen Kartoffeler-
trag ( Preisrelation Gerste- Kartoffeln siche Text und Berechnung des Bruttogewinns siehe Anhang

i)

Fig. 9. Rappor's estimés entre les prix et les marges brutes a lhectare entre l'orge et la pomme de
terre destinée a Palimentation animale pour des rendements de 4, 5 et 6 tonnes en orge et de 30, 40 et
50 tonnes en pommes de terre (voir texte pour la relation des prix orge-pommes de terre et annexe |
pour le caleud des marges brutes).

Tropical and sub-tropical zone
Poats (1982) has discussed the potential for increasing potato consumption in the tropics
and the few brief remarks here relate to Poats (1981).

In many developing countries, potato consumption is low because of the high price of
ware potatoes relative to those of other foodstuffs, According to Poats’ definitions the
potato can be considered as: a staple food where per capita consumption ranges from 60
to 200 kg per year; a complementary vegetable at 15 to 50 kg per year; and a luxury
vegetable below 10 kg per year.

The future of the potato crop in developing countries depends on reducing its prices
relative to those of other foods. Given our findings on retail prices and consumption
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levels (pages 331 and 334), the potato will remain a luxury vegetable as it now is in most
lowland tropical arcas as long as the potato price, expressed in food nutrients, remains 3
or more times the price of alternative foods. At a price ratio of ca. 2, it may become a
complementary vegetable, as it is shortly after harvest in lowland sites where potatoes are
grown inshort, cool winter seasons or supplied from nearby highland zones if transport
costs are not too high. At price ratios approaching 1, the potato may become a basic
staple food as it is in the temperate zone and in tropical highland zones in the Andes,
Central and Eastern Africa (sce also Table 8) and in scattered places throughout Asia.

Discussion and preliminary conclusions

Ouranalysis shows that although potato prices are iower in Europe than in other regions
of the world, it is not the most economical crop for ethanol production in Europe.
Fodder beets and wood are cheaper but even these crops are not competitive with
conventional sources of energy. No demand is therefore foreseen for potatoes for ethanol
production, although surplus and waste tubers might be used.

Potatoes arc not currently competitive with maize for starch production. Morcover, as
a starch stock, potatoes may be more sensitive to the costs of energy consumption and
pollution prevention than maize. The use of potatoes for starch production rather than
increasing will probably remain stable or decrease slightly unless maize prices increase
substantially. Likewise, potato production for stock feed would be profitable in Western
Europe only if high world market prices prevailed for both barley and maize, and in most
other parts of the world potatoes are relatively even more expensive. Future potato
production for stock feed will probably be restricted to temperate-zone countries with
centrally planned economies.

In Western Europe and North America per capita potato consumption is stable. Any
small increase that may be expected if consumers are better informed about the nutritive
value of potatoes and if their requirements are met regarding quality, should be met by
yield rather than arca increases.

In the tropics and sub-tropics of Africa and Asia, per capita consumption is increasing
rapidly, but this trend, any acceleration in it, and the production of enough potatoes to
meet the potential demand depends on several factors discussed by Poats (1982). One key
factor is the retail price ratio of potatoes to other foodstuffs; if this can be lowered then
there is great scope for increased potato consumption in low-income countries.

The potato has a high energy and protein production per day and per ha and a short
vegetative cycle that can fit into intensive rotations. These features make it attractive to
poor farmers with little cropland who can produce a large volume of highly nutritious
food for home consumption and for the market in a short time from a small area. More
potatoes could readily be produced in most developing countries with current technol-
ogy and production capacity, but what is needed is low-cost technology to allow farmers
to produce more potatoes at lower unit cost. We belicve that the future of the potato crop
in the tropics and sub-tropics, like its potential consumption, is almost wholly dependent
on lowering the price of ware potatoes relative to those of other foodstuffs. We also
believe that an increase in consumption of potatoes is important both for improving
human nutrition and the welfare of small farmers.
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Potential contribution of research to potato production and consumption in the tropics
and sub-tropics

Introduction

In principle, the cost per unit weight of tubers can be reduced in two ways: by reducing
production cost per ha while maintaining yield, and by increasing yield while not
increasing production cost per ha.

Reducing production costs per ha

In most developing countrics the major costs of potato production are those of seed
tubers, fertilizer and labour,

Seed

There are three ways to reduce the costs of seed potatoes: (a) breed cultivars resistant to
tubet-borne discases, (b) set up seed multiplication programmes adapted to local condi-
tions, and (¢) make use of true potato seed.

From the time of its inception, CIP has stimulated breeding for resistance to PLRV,
PVY and Pseudomonas solanacearum; these important objectives should be intensively
pursued and supported by national rescarch institutes and breeders in industrialized
countries. Although breeders and seed exporting organizations have contributed much
to the expansion of potato production in the tropics and sub-tropics, they must realize
that a key to further expansion is the availability of cultivars which can be casily
multiplied. Results from breeding for resistance to tuber-borne discases and viruses are
promising and by the year 2000 many resistant cultivars should be available.

Not many developing countries have good seed multiplication programmes. It scems
casier to produce a small quantity of high-quality sced than to distribute to farmers a
large quantity of sced of reasonable quality. Too much emphasis has been placed on the
production of basic seed and not enough on simple multiplication of reasonably good
seed and its delivery to ware growers. Furthermore, too many seed programmes are not
adapted 1o the needs of developing countries because they have been uncritically copied
from those of industrialized countries (Monares, 1981a).

There is a need for a general study of technical and socio-economic aspects of seed
programmes in developing countries which should be based on the needs of ware
growers for improved seed, rather than the technical aspects of producing basic seed.

Evenifa good seed programme is established so that ware growers can purchase good
seed at a ‘reasonable’ price, that price will still remain an important cost factor. For
example: if the yield is 20 t/ ha and the ware price per tonne is p, then total revenue per ha
is 20 p. If net revenue is 10 % of total revenue, then total cost is 0.9 x 20 p. If the cost of
sced, including storage costs and losses, is twice the price of ware potatoes and the seed
rate is 1.5t/ ha, sced cost is 1.5 X 2 p. It follows that the share of seed cost in the total
production costis: 1.5 X2 p/0.9 X 20 p =3 p/18 p = 17 %. Assuming reasonable price
relationships and technical efficiency, it is unlikely that this percentage of seed cost in
total production cost can be reduced.

Where healthy seed tubers are very costly, true potato seed (TPS) offers perhaps the
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greatest potential for reducing production costs per ha and it can be used to produce
cither seed or ware potatoes (Sadik, 1982; Monares, 1981b). There are, moreover, several
potential advantages in using TPS rather than conventional seed tubers for ware
production (Sadik, 1982). We restrict our discussion here to the use of TPS to reduce
production costs while maintaining yield, or to reduce production costs by more than
enough to compensate for any reduction in yield.

If we compare ware production from transplanted scedlings grown from TPS with
crops grown from good seed tubers, and if plants from the latter make full use of the
growing scason, then the transplanted scedlings are likely to yield less by an amount
equal to about 3 weeks less tuber growth. Assuming that the tuber seed rateis 1.5 t/ ha
and that using TPS results in a yield reduction of 4 t/ ha, TPS will be profitable if tuber
sced costs ca. 3 or more times the price of ware potatoes, assuming that TPS is cheap and
that other production costs are the same for both systems. This simple example shows
thatif seed tubers are costly, the use of TPS can result in a reduction in ware production
cost per ha which is more than proportional to the reduction in yield. Where seed tubers
are of poor quality, the use of TPS might reduce production cost per ha even with a
combination of an increase in vield (pages 350 352).

Inregions where healthy seed tubers are very expensive, the production of seed tubers
directly from TPS may reduce production costs both per ha and per kg of ware potatoes
produced. While such seed should be less expensive than conventional seed, in market
cconomies its price should not be expected to fall below the price of small ware potatoes
at harvest time. CIP is now developing a production system in which large numbers of
small seed tubers can be produced from TPS on small, protected plots in the off-season
(Wiersema, 1982). The Peoples’ Republic of China now uses TPS for producing seed
tubers for several thousand hectares of potatoes. More information on their experience
and on the cconomics of alternative seed systems could guide rescarch on TPS technol-
ogy for developing countries.

Fertilizers
High, sustained potato yiclds require a high rate of nutrient input to a crop that is also
sensitive to N-P- K balance.

Some cultivars respond markedly to rates of N, P or K, that are slightly below their
optimal levels; others are less sensitive, tolerating a much wider range. Growers in
developing countries who cannot precisely determine optimal rates of NPK would
benefit from such nutrient-tolerant cultivars.

Holm (1981) found considerable differences between potato clones in efficiency of
nutrient use; they differed in yield under low nitrogen levels, yield response to applied
nitrogen, and the nitrogen recovery levels in tubers. He believed that it should be possible
to develop cultivars which utilize nutrients more efficiently, but he did not say how.
Although it may be difficult to develop efficient and reliable selection methods in
breeding for nutrient-use efficiency, we feel that research on this subject would be a
useful, although long-term objective.

Labour and mechanization

Temperate-zone mechanized farms now use only one-sixth to one-tenth the labour they
nceded for potato production a few decades ago. One hectare of ware potatoes can now
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be produced and stored with only about 20-30 man-hours in the Netherlands whereas in
most developing countries the potato is still labour-intensive, 1 ha often requiring over
200 man-hours. Such intensive use of labour is not necessarily a disadvantage, indeed, in
labour surplus areas it might be viewed as an advantage (Swaminathan, 1978). Yields can
sometimes be increased through partial mechanization of ploughing, sced bed prepara-
tion, and planting but there is usually little to be gained over careful handwork (Hayami
& Ruttan, 1971). In general, mechanization will reduce production costs only where
labour is costly or in short supply.

Reducing the cost of production per kg output
Actual and potential yiclds

Average yields are not always reliable indicators of the technical efficiency of potato
production. A much better measure is the ratio of actual to attainable yields; actual vield
is defined as the average yield of all potato crops in a given region, that makes full use of
the whole growing period. Artainable yield is what the actual yield in a region would be if
all growers used the best available growing techniques which were economically justifia-
blc under their farming conditions. Since it is difficult to estimate attainable yields for
large arcas, we introduce the concept of potential vield, defined as the yield from a crop
that makes full use of the whole vegetative period and where daily tuber production has
been optimized by non-limiting water and mineral supply, optimal quantity of foliage,
and the absence of diseases and pests. The determinants of potential yield are tempera-
ture, solar radiation, and length of the growing period. Discussion of these concepts and
estimates of potential yield for potato crops are given by van der Zaag (1977, 1984), van
der Zaag & Burton (1978), and van der Zaag & Wustman (1980).

The reader should note that the actual and potential yield estimates for several
countries, presented in Table 21, are no more than crude approximations. The technical
level of potato production can be classified arbitrarily as follows:

Ratio actual | potential vield Technical level
>0.4 high

0.3-04 good

0.2-0.3 low

<0.2 very low

Thus the level of production is good in Egypt and Pakistan and in the Algerian early
potato crop (primeurs), although their actual yields are low relative to those in Washing-
ton State (USA) and in the Netherlands. In many tropical and sub-tropical countries the
actual yield is often 10 t/ ha o1 less and although it is somewhat higher than the average
yield in a given region or country, in most of these countries the ratio actual / potential
yield is usually below 0.3 and often even below 0.2. In many parts of Europe this ratio is
also about 0.3 and sometimes lower, and it follows that the technical production levels in
several tropical and sub-tropical countries are not as poor as is often assumed. Neverthe-
less, in many such arcas yields could be doubled by the correct application of good
techniques with the best available cultivars.

Doubling the yields in all developing countries would result in an average yield of
about 20 t/ ha, whereas the average potential yield, based on Table 21 and taking into
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Table 21. Approximation of the actual and potential yield of potatoes in selected countries
(revised; see van der Zaag, 1984),

Country' Growing Yield? (1/ ha) Ratio®
scason? A:P
actual® (A) potential®
(P
USA (state of Washington) 21/3 -15/10 65 140 0.46
Netherlands /4 - 1710 45 100 0.45
Egypt 1 - 175 20 60 0.33
1/9 - I/t 15 45 0.33
Algeria 1/12- 1/4 15 45 0.33
15/3 - 177 12 70 0.17
/8 - 1712 8 60 0.13
Tunisia 15/2 - 1/6 15 70 0.21
Morocco 15/t - 1/5 15 65 0.23
Pakistan 1571 - 1/5 15 50 0.30

"'Land - Pays;? Wachstumsperiode - Période de eroissance:? Ertrag - Rendement;* Tousiehlicher
= Actuel; 3 Méglicher - Potentiel: © Verhdlinis - Raison

Tabelle 21. Schiitzung des tatsiichlichen und des moglichen Ertrages von Kartoffeln in ausge-
wiihlten Liindern (veriinderte Tabelle, siche van der Zaag, 1984).

Tableau 21. Approximation du rendement actuel et potentiel de la pomme de terrc dans certains
pays (tableau corrigé; voir van der Zaag, 1984),

account the short growing period in many of these countries, is 50-60 t/ha. This would
indicate a ratio of actual/ potential vield of ca. 0.3, similar to that in parts of Western
Europe.

The rapid increase in potato yields in Latin America and Asia over the last 15 years
indicates the progress that can be made and CIP could follow two complenientary
strategies to accelerate it elsewhere:

- CIP could concentrate their effort within a few countries and by closely collaborating
with local authorities, identify and resolve yield constraints with existing production
principles. Besides improving productivity in the short term, long-term benefits should
accrue from information gained about yield constraints and factors limiting use of new
technologies by farmers.

- CIP could stimulate the breeding of cultivars less sensitive to unfavourable growing
cunditions so that growers, taking advantage of new knowledge, also will be less affected
by unfavourable growing conditions and bv incorrectly applied techniques.

Because seed quality is such an important yicld determinant, it will be discussed first

Seed

Tuber seed. Reductions of seed cost (pages 347--348) are advantageous providing seed
quality and hence yield is not reduced below a critical level, The importance of the
relationship between seed price and quality is readily demonstrated. Virus diseases can
be used as the‘quality’ variable because more information is available on yield reduction
from them than from changes in physiological age or other quality aspects, except size
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Table 22. Economic break-even point between the price of seed tubers virtually free of virus
compared with farm seced saved from the ware crop (yield healthy seed = 25 t/ha; seed raie =
1.5 t/ha) (van der Zaag, 1982b).

Virus Yield reduction when all plants are infected with leafroll virus or virus Y?2
infection
of farm 50% 75 %
saved seed!
(%) one two one two
generation*? generations **4 generation generations
0-25 1 X 1 X 1% 1%
25 2X 4x Ix 6 X
50 4 X 8 % 5% 11x
75 6 X 10 X 8 % 14 X
100 8 X 12 % 1% 18 X

* One generation; the health standard of the progeny of the seed has not been incorporated - Erster
Nachbau; der gesunde Standard des Nachbaus wurde nicht eingeschlossen - Une génération; l'état
sanitaire de la descendance du plant nw'a pas é1é pris en compte.

**Two gencrations; the health standard of the progeny of the seed has been incorporated for the
following generation - Zweiter Nachbau; der gesunde Standard des Nachbauz wurde fiir den
folgenden Nachbau mit eingeschlossen - Deux générations, I'état sanitaire de la descendance du
plant a é1é incorporé a la génération suivante.

"Wirusbefall in % im selbsterzeugten Pflanzgut - % de plantes contaminées a partir du plant de
lagriculteur; * Ertragseinbusse, wenn alle Pflanzen mit Blattrollvirus oder Kartoffelvirus Y
infiziert sind - Diminution du rendement lorsque les plantes sent atteintes par le virus de
Fenroulement ou le virus Y; * Erster Nachbau - Une génération; * Zweiter Nachbau - Deux
genérations

Tabelle 22. Ockonomischer Schwellenwert {iir den Preis fur tatsichlich virusfreies Pflanzgut
verglichen mit selbsterzeugtem Pflanzgut aus Speisekartoffeln (Ertrag aus gesundem Pflanzgut =
25 t/ha, Pflanzgutbedarf 1.8 t/ ha (van der Zaag, 1982b).

Tableau 22. Limite critique entre les prix du plant certifié indemne de “irus et celui du plant issu de
la production de pommes de terre de consommation de I'agriculteur (rendement de la production
de plant 25 t/ ha, quantité de plant utilisé 1,8 t/ ha) (van der Zaag, 1982b).

grading, although the physiological condition of the seed is often more important than
the level of virus infection.

The price above which it is more profitable for the farmer to purchase healthy seed
than to plant his own degenerated seed (100 % infected with PLRV, PVY), is called the
break-even point (Table 22). It can be calculated with Reestman’s (1970) formula,
relating yield reduction to PLRV and PVY, and another formula giving the price
relationships between seed lots with diiferent levels of infection (van der Zaag, 1982b).

Inregions where most plants are infected with PLRV or PVY the break-even point of
healthy seed is about 10 times the price of ware potatoes.

The effect of reasonably priced healthy seed on yield and production cost per unit is
readily illustrated. Assume that in the original situation: yield = 10t/ ha, seed rate =
1.8 t/ha, net r~*irn = 10% of gross return, and price of ware and common farm seed =
p/t; then the proportional cost of common seed in the original production cost per ha is
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(1.8 X )/(0.9 X 10 p) =20 % and the original cost per tonne of ware potatoes produced is
O p)/(10t) =09 p/t.

In the new situation, as a result of using healthy seed, assume that yield =25 t/haand
the price of healthy seed =3 p/t; then the proportionate cost of healthy seed in the new
production cost per ha is much higher than in the original situation, viz 1.8 X3 p/(0.9 X
10 p + 1.8 X 2 p) =43 %, but the new cost of ware potatoes produced is 12.6 p/25t =
0.5 p/t.

Thus the use of healthy seed, costing three times as much as degenerated seed, can
increase the proportion of seed cost within total production costs from 20 to43 %, but it
decreases the overall cost of production from 0.9 p/t to 0.5 p/t. The producer using
healthy sced could sell his ware crop at a price 40 % lower than the original price of the
grower using degenerated seed and still make 2.5 times more profit per ha.

True seed. TPS may reduce production costs per ha (pages 347 and 348); it also has the
potential to reduce production costs per kg by an increase in yield that may be anticipat-
ed where the health standards of sced tubers arc poor or they are not in the correct
physiological state.

The yield of ware crops grown directly from TPS and kept frec from carly infections
may be considerably higher than the yield of a crop grown from seed tubers heavily
infected with PLRV, PVY, fungi or bacteria. In such cases, the production cost per kg
tubers from TPS couid be much lower. Where seed tubers produced from TPS can be
kept reasonably healthy, their use may be economical than using TPS directly for ware
production.

Where good seed is readily available at reasonable prices TPS may not increase yields
or be profitable. In contrast, where yields are extremely low because of very poor seed,
TPS used directly for ware production or indirectly to produce healthy sced potatoes
may reduce the extremely high production cost per kg of ware.

Tolerances to drought, heat, frost, and salt

Drought. The potato is very sensitive to water stress, and for optimal production the
crop should be irrigated more frequently than, say, wheat, cotton and tomatoes (van
Loon, 1981). Indeed, in most potato-producing countries water supply is one of the
major factors limiting yield, and where irrigation is needed, its frequency, quantity and
intensity requires great care and it can be justified only in areas with a high production
level.

Where potatoes cannot be irrigated and where the distribution pattern of rainfall is not
optimal for crop production, as it rarely is, a large reservoir of soil moisture is more
important than in sites wherc water can be supplied by irrigation.

Breeding for tolerance to drought should take into account: (a) the transpiration
coefficient, (b) the effect of short stress periods on yield and quality, and (c) the survival
of plants after long stress periods.

Cultivars which produce more tuber dry matter with the same amount of water are
needed where water is scarce. Bodlaender (1982) found substantial differences in water
use per unit dry matter produced between the drought-sensitive cultivar Saturna and the
less sensitive cultivar Bintje indicating differences in transpiration coefficient between
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genotypes. Dwelle et al. (1981) concluded that plants of cv. Russet Burbank may have
excessive stomatal water loss and that stomatal conductance could, perhaps, be reduced
under field conditions without reducing photosynthesis. L.evy (1983) described as ‘optim-
istic’ cultivars such as Désirée which do not reduce their rate of photosynthesis imme-
diately stress occurs, and as *pessimistic’ cultivars such as Up-to-Date which close their
stomata soon after the onset of stress and reduce production which again becomes
optimal when water is available. For most developing countries ‘pessimistic’ cultivars
have advantages over ‘optimistic’ ones, but the latter are preferred in arcas where
sophisticated irrigation systems are installed. In areas with very uneven rainfall distribu-
tion very ‘pessimistic’ plants are needed, as they can survive long stress periods. Van der
Wal(1982) found large differences between cultivars in their potential for recovery after
sevare stress periods under glasshouse conditions.

Hear. High temperature markedly affects production by: (1) changing the partition of
assimilates between various parts of the plant and (2) reducing photosynthesis and
increasing respiration. In many tropical or sub-tropical countries potatocs are grown in
cool seasons (spring or autumn) and temperature may be either high at the beginning or
at theend of the growing season. Heat-tolerant cultivars may show more rapid growthat
the beginning or a less rapid reduction intuber growth at the end of the growing seasor:.
Such heat tolerance combined with a long growing period could greatly increase yield.

Frost. In several sub-tropical countries, or at high altitudes in the tropics, frost may
shorten the growing season and tolerance to it would increase yield.

Salr. Irrigation and artesian water and soils are not usually salty. Where salt is a problem
production is poor because the potato plant is salt sensitive. Because there is little
information on varietal tolerance to salt, and the areas with salt problems become more
important, more research is needed on this topic.

Resistance to diseases and pests

Breeding for resistance to important diseases and pests has received so much attention
that it will not be discussed here. By the year 2000 cultivars should be available, for most
sites and climates, with adequate resistance to the most important virus diseases, to late
blight, and to Pseudomonas solanacearum. This is extremely important for reducing
production cost, both per ha and per kg output.

Regulation of crop growth

Day length and day and night temperature can strongly affect the balance between
haulm growth and tuber yield, especially in tropical and sub-tropical countries where
these factors may restrict 'ength of the growing season. Breeding cultivars that are
neutral or tolerant of day length and temperature is important.

Despite much research and early optimism about manipulating the potato crop with
growth regulators many physiologists are now pessimistic. Some effects of growth
regulators on potato development at different day and night temperatures are shown in
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Fig. 10. Effect of growth regulators on mean dry weight of leaves, stems and tubers(Menzel, 1980).
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Abb. 10. Einfluss von Wachstumsregulatoren auf das durchschnittliche Trockengewicht von
Blittern, Stengein und Knollen (Menzel, 1980).

Fig. 10. Influence des régulateurs de croissance sur le poids sec moyen des feuilles, des tiges et des
tubercules (Menzel, 1980).

Fig. 10. Menzel (1980) suggested that both haulm growth and tuber initiation are
influenced by a common hormonal control, and that temperature mediates the balance
between the levels of endogenous gibberelins and inhibitors. It is still not possible
successfully to apply growth regulators to the potato crop and farmers have only
nitrogen application and irrigation as tools to regulate, to some extent, the balance of
haulm and tuber growth. Physiologists need to develop better tools to help farmers
bridge the gap between actual and potentia! yield especially in the tropics and sub-trop-
ics.

Reducing storage costs for ware potatoes

In many developing countries facilities for long-term storage of ware potatoes are
inadequate. Prices fall sharply at harvest and rise again in perinds of scarcity (Fig. 11).
Clsewhere, for example in parts of China and Bangladesh, prires rise steeply as supplies
become exhausted and then potatoes remain unavailable for several months each year
until the next harvest. To increase consumption in developing countries, prices must be
reduced and stabilized and potatoes made available all the year round. If production
costs are reduced and production expands, limited high-cost storage capacity and losses
willstill limit potato availability and consumption. Simple stores in which ware potatoes
could be kept well for 20 weeks could help dampen price fluctuations.

Promising work has been done by CIP and others to develop such stores, especially for
higher altitudes, but more local testing and adaptation of these systems is needed in other
countries. In particular, tubers must often be stored in periods when maximum and
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Fig. 1. Average constant weekly wholesale prices for potatoes in Wakulina market, Nairobi
1973-77 (two-week moving average) (source: Ministry of Agriculturc in Kenya, published by Durr
& Lorenzl, 1980).
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Abb. 11. Durchsehnittliche wichentliche Grosshandelspreise fiir rote Kartoffeln auf dem Wakuli-
namarkt, Nairohi 197377 (Durchschnitt von zwei Wochen) (Quelle: Ministry of Agriculture in
Kenva, verdffentlicht von Durr & Lorenzl, 1980).

Fig. 11. Moyenne des prix de vente des pommes de terre rouges sur le marché Wakulina a Naérobi
1973-77 (moyenne des fluctuations sur 2 semaines)(Ministry of Agriculture in Kenya, publié par
Durr & Lorenzl, 1980).

minimum temperatures are above 30 and 20 °C respectively, and this can be done only
with refrigeration. More work should be done to develop cheap stores with local
materials and simple cooling units. It is also important to breed cultivars which can be
stored at high temperatures, but this cannot be done without more information on
various aspects of keeping quality. Finally, if consumption is to expand there is a need,
discussed by Burton & Booth (1982), to develop simple techniques to transform fresh
tubers into easily stored products.

Given the important effect of seed quality on yiclds and the difficult conditions for
seed tuber storage in many developing countries, particular attention needs to be given to
improving seed storage technology and work at CIP has shown how known principles
can be effectively used to improve seed storage (Rhoades & Booth, 1982).

Discussion and conclusions

Expansion of the potato crop in the tropics and sub-tropics is dependent on reducing the
price of ware potatoes which, in turn, depends on reducing costs per kg.

Many developing countries have little additional land to cultivate: as populations
expand and man, land ratios increase, the productivity per unit land must be increased.
Crops such as the potato that produce much energy and protein per unit time and area
will become more attractive. Although we have emphasized the importance of reducing

Potato Research 26 (1983) 355



D E VAN DER ZAAG AND D HORTON

production costs this must not be at the expense of the potato’s productivity.

If a crop is to expand, farmers must be willing to grow it. Growers in developing
countries consider risks, profitability, cash flow, and the suitability of a crop for their
farming patterns and for home consumption. In general, the potato meets their needs
except for the high risks associated with production and marketing so that for future
expansion much depends on reducing the price of ware potatoes relative to other foods.

The scope for reducing production costs per ha are limited to breeding discase-resist-
ant varicties, improving tuber seed programnies, and in some regions the use of true sced
but the costs of chemical fertilizers and pesticides may well offsct these reductions.

The scope for reducing costs per kg output are much greater:

I. Inany given region*, attainable yields should be determined through field trials which
would help to identify factors limiting vield and the potential yield increases that could be
attained. We believe that yiclds in some regions could be doubled with only a small
increasc in production cost per ha thereby reducing ware prices by up to 50 ¢ while
increasing growers' profits.

2. Because tuber seed costs are so high, priority should be accorded to improving the
health, production and distribution of cheap seed. Local advice should not be formulat-
ed until existing and new techniques (e.g. use of TPS) have been tested locally.

3. Where growing conditions are difficult, cultivars tolerant to drought, heat and frost
are needed to help growers increase yields with only moderate increases in production
costs.

4. More research is needed to provide reliable tools to growers for regulating the balance
between the growth of haulm and tubers.

5. Simple effective systems are needed to store ware and seed potatoes over long hot
periods and techniques for readily producing high-value casily stored products from
fresh potatoes. More attention should also be paid to breeding for keeping quality.

To double the yield in developing countries to ca. 20 t/ ha by the year 2000 requires a
yield increase in the next 2 decades which is twice that of the past 15 years. If this could be
achieved without substantial increases in production costs per ha and if adequate storage
technology is developed, potatoes should be available all the year at about half their
present price. In turn, this would greatly stimulate consumption and in many developing
countries the potato could become a cheap vegetable, with an average per capita annual
consumption of ca. 20 kg. However, such increases will require doubling the arca under
potatoes in Africa and the Far East.

In the past 15 years wheat and rice vields have increased in developing countries into
which, nevertheless, large quantities of cereals have been imported at below-market
prices. It is, therefore, likely that any increase in production and use of potatoes will
depend also on improvements in the general developmental framework of world eco-
nomic policies. In many parts of the tropics and sub-tropics, the potential yield of the
potato is considerably lower than in temperate zones and it is unlikely this crop can
become competitive with alternative foods better suited to local growing conditions.
However, areas of low-potential potato production are not necessarily arcas of low

* Aregion is here defined as any zone within a country that is agronomically ‘coherent’, i.e. the soil,
climate and topography are so similar that plant responses within that zone are similar.
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consumption. As transport systems improve high potential areas may supply potatoes
cheaply to local adjacent increasing urban markets.

In conclusion, national agricultural development programmes should include studies
of the relative values of different food crops, taking into account not only local tradition-
al foods but including the potato as a potential high value, high protein food cap:tle of
being grown in many, varied environments.
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Zusammenfassung

Kurtoffelnroduktion und Verwertung in der Welt mit besonderer Beriicksichtigung der

Tropen und Subtropen

Gegenwdrtige Situation

Die Kartoffelproduktion nimmt in den ge-
missigten Zonen langsam ab (Abb. ),
withiend sic in den Tropen und Subtropen in
der gizichen Rate wicdie Reisproduktion(Abb.
3) zunimmt (Abb. 2). Ausgedriickt als Energie
oder Protein ist der Ertragsanstieg fiir Kartol-
feln hoher als tur Reis oder Weizen (Abb. 4),
aber die Pro-Kopf-Produktion bleibt in den
meisten Gebieten der Tropen oder Subtropen
sehr niedrig (Tabelle 1).

Die Kartoffeln konnen mehressbare Energic
und Protein pro Zeiteinheit und Fliche erzeu-
gen als die meisten anderen Friichte, aber der
Energiceinsatz ist auch hoch (Tabelle 2). Ob-
wohl das Energieumsatzverhiltnis fir traditio-
nelle und moderne Produktionssysteme ihn-
lich ist, ist der Nettoenergieausstoss filr mo-
derne Systeme hoher (Tabelle 3).

Dic¢ Produktionskosten pro Energiceinheit
oder Trockensubstanz sind fir Kartoffeln ho-
her als fitr andere Feldfriichte (Tabellen4 -6), in
den Entwicklungslindern relativ hoher als in
den Industriestaaten wie 2.B. den Niederlanden
(Tabelle 7) oder in den Hohenlagen der Tropen
(Tabelle 8). Die wichtigsten K ostenkomponen-
‘en sind Pflanzgut, Arbeit und Chemikalien
(‘rabellen 9-11).

Verwertung

Tabelle 12 zeigt die Schitzwerte der Kartof-
felverwertung. Der Pro-Kopf-Verbrauch ist in
West-Europa und Nordamerika nahezu stabil
(Abb. 5), nimmt aber in den meisten tropischen
und subtropischen Lindern noch zu (Abb. 6).
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Ein Grund fir den nicdr gen Verbrauch in den
Entwicklungslindern ist der relativ hohe Ver-
braucherpreis (Tabellen 13-15), wofiir mehr
die relativ hohen Produktionskosten (Tabelle
17) als zu hohe Markterldse stehen (Tabelle 16).

In Entwicklungsliindern ist der Pro-Kopf-
Verbrauch fir Veriinderungen im Einkommen
und im Preis verantwortlich(Einkommenselas-
tizitit 0,965 und Preiselastizitiit -2,208).

Weitere Entwicklung und begrenzende Fakto-
ren

Dic Kartoffel ist fiir die Athanolprodukiion
nicht die wirtschaftlichste Frucht (Tabellen 18
und 19), sie kann mit der Maisproduktion fir
Stiirke nicht konkurrieren und sie ist in West-
curopa nicht erfolgreich als Vichfutter bei dem
gegenwiirtigen Preisniveau fur Gerste und Mais
(Abb. 8).

Geringe Steigerungen des Pro-Kopf-Ver-
brauches in Westeuropa und Nordamerika, die
erwarlet werden konnen, wenndie Verbraucher
besser itber den Nihrwert der Kartoffel aufge-
kliirt werden, kdnnen durch cine Steigerung des
Ertrages, vorausgesetzt, dass diese den Quali-
titsansprlichen genilgt, erreicht werden. Inden
Entwicklungsliindern erfordert cine Auswei-
tung des Pro-K opf-Verbrauches eine Senkung
der Verbraucherpreise.

Maglicher Beitrag der Forschung zur Kartof-

Sfelproduktion und zum -Verbrauch in den

Tropen und Subtropen
Die Ausdehnung der Kartoffel in den Tropen
und Subtropen ist von einer Preissenkung fir
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Speisckartoffeln abhiingig was, umgekehrt,
abhiingt von ciner Senkung der Kosten/kg.
Der Spielraum fitr die Preissenkung/ ha ist be-
grenzt durch die Zilchtung krankheitsresisten-
ter Sorten, Verbesserung der Pflanzkartoffel-
programme und in einigen Gebieten, Verwen-
dung von Kartoffelsamen. Der Spielraum fiir
die Senkung der Kosten; kg Knollen ist viel
grosser, wenn gesundes Pflanzgut vorhanden
ist (Tabelle 22) und neue Techniken 7.B. Samen
(‘true seed’) angewendet werden. Forschung ist
notwendig um (1) neue Methoden fitr die
Pflanzgutvermehrung, (2) gegen Trockenheit,
Hitze, Frost und Salz tolerante Sorten, (3) Sa-
men, die dirckt vom Anbauer benutzt werden
konnen, (4) Methoden zur Regulierung des
Stengel- und Knollenwachstums und (5) cin-
fache Lagerungs- und Verarbeitungstechniken

Reésume
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zu entwickeln,

Es wird angenommen, dass der Ertrag in den
meisten tropischen und subtropischen Lindern
verdoppelt werden kann, mit nur geringem An-
stieg der Produktionskosten/ ha und mit einer
darauffolgenden betriichtlichen Senkung der
Produktionskosten; kg, Das witrde die Kartof-
fel in viclen tropischen und subtropischen
Liindern zucinem billigen Gemilse machen und
zu einem Hauptnahrungsmitte} in vielen Ge-
bicten der Hohenlagen. Mit einem méglichen
Ertrag von 20 t/ ha(Taoclle 21) witrde das Ver-
hitltnis *tatsiichlicher: moglicher Ertrag’ 0,3 be-
tragen und damit auf westeuropiischem Ni-
veau liegen. Das bedeutet, dass ein Ertrag von
20-25 t/ hain den Tropen oder Subtropen, aus
techniseher Sieht, einem Ertrag von ungefiihr
40 t/ha in Westeuropa vergleichbar ist.

Perspectives de la production et de lutilisation de la pomme de terre dans le imonde et
plus particulicrement dans les pays tropicaux et subtropicanx

Situation actuelle

La production de la pomme de terre diminue
lentement dans les régions tempérées (fig. 1)
tandis qu'elle augmente (fig. 2) dans les zones
tropicales et subtropicales, environ au méme
rythme que la production de riz (fig. 3). Expri-
mée en termes d'énergie ou de protéines, laug-
mentation cumuiée du rendement de la pomme
de terre est plus forte que celle du riz ou du blé
(fig. 4), mais la production par habitant de-
meure tres faible dans la plupart des pays tropi-
ciaux ou subtropicaux (tableau ).

La pomme de terre peut produire par unité
de temps et de surface des quantités d'énergie
consommable et de protéines supérieures a
celles de la plupart des autres cultures, mais
I'énergic absorbee est également élevie (tableau
2). Bien que le rapport de conversion de I'éner-
gie soit analogue pour les systemes de culture
traditionnels et modernes, la production nette
d'éncergie est plus élevée dans le cas des systemes
modernes (tableau 3).

La pomme de terre a des codts de production
plus elevés, par unité d’énergie ou de matiere
stche, que les autres cultures alimentaires (ta-
bleaux 4-6) mais ces colts sont relativement
plus eleves dans les pays en voie de développe-
ment que dans un pays industrialisé comme les
Pays-Bas (tableau 7) ou dans les tropiques (ta-
bleau 8) 4 haute altitude.
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Dans les pays en voie de développement, les
composantes principales du codt de production
sont: les semences, le travail et les produits
chimiques (tableaux 9-11).

Utdilisaiion

Des estimations d’utilisation de la pomme de
terre sont données dans le tableau 12. La con-
sommation par habitant est  peu prés stable en
Europe de I'Ouest et en Amérique du Nord (fig.
5) mais elle augmente encore dans la plupart
des pays tropicaux et subtropicaux (fig. 6). Les
prix de détail relativernent élevés sont une des
raisons de la faible consommation dans les pays
en voie de développement (tableau 13-15) et
ceciest dd davantage aux eodts de production
relativement éleves (tableau 17) qu'aux marges
bénéficizires a la commercialisation (tableau
16).

Dans les pays ¢n voie de développement, la
consommation par habitant dépend largement
des changements de revenu et de prix (élasticité
des revenus de 0,965 et elasticité des prix de
-2,208).

Développement fuiur et facteurs muanis

La pomme de terre n'est pas la culture la plus
¢conomigue pour la production d'éthanol (ta-
bleaux 18 et 19), clie n'est pas compétitive vis 4
vis du mais pour la production de fecule (fig. 7)
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et elle n’est pas rentable en Europe de I'Ouest
pour l'alimentation animale, avec les niveaux
de prix actuels de l'orge et du mais (fig. 8).

Une légére augmentation de la consomma-
tion par habitant, & laquelle les pays d'Europe
de I'Ouest et d’Amérique du Nord pourraient
s'attendre si les consommateurs étaient mieux
informés sur la valeur nutritive de la pomme de
terre, serait possible par des augmentations de
rendement & condition de prendre en compte
les exigences de qualité.

Dans les pays en voie de développement, une
augmentation de la consommation par habi-
tant supposec une diminution des prix de détail.

Contribution potentielle de la recherche a la
production et a la consommation de la pomme
de terre dans les pays tropicaux et subtropicaux
L'expansion de la culure de la pomme de
terre dans les pays tropicaux et subtropicaux
dépend de la diminution du prix des pommes
de terre de consommation, qui lui mé¢me dé-
pend de la réduction du codt par kilo.

Les possibilités de réduire les colts de pro-
duction par ha se limitent 4 la sélection de
variétés résistantes aux maladies, & I'améliora-
tion des programmes de production de plants
et, dans certaines régions, & I'utilisation de sem-
ences vraics, Les possibilités de réduire les colts
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Appendix |. Estimated gross crop margins (main operations done by contractor, from Anon.,
1981).

Maize'
Yield% 7000 kg at Dfl. 0.30/kg DAl. 2100
Material®: seed? DAfl. 150
NPK 300
pesticides’? 50
herbicides® 50
—_
Dfl. 1050
Insurance and interest’ 50
Contractors® sowing’® DAl 150
sprayin‘z,'0 100
harvest ! 400
chopping straws '2 100
drying 400
—_
Dfl. 1150
s
Dfl. 2250
Gross margin '/ ha - Dfl. 150
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Barley '
Yield% 5000 kg at DA, 0.30/kg DI 1500
Straw!6 400
———— +
D1. 1900
Material®: seed* Dn. 125
NPK 500
pesticides® 50
herbicides ® 50
[ +
Dfl. 725
Insurance and interest’ 50
Contractor®: sprayin[l.g,“’ Dfl. 100
harvest ! 350
baling straw '’ 150
drying? 100
—_—
Dfl. 700
—+
Dfl. 1475
Gross margin'/ ha Dfl. 425
Potatoes (for stock feed and starch production) '
Yield? 40 000 kg at DA 0.0804/ kg Dfl. 3216
Material®; seed* Dil. 700
NPK 850
fungicides" 100
Lerbicides® 100
— +
Df1. 1750
Insurance and interest’ 150
Contractor® planting® DA. 150
spraying'’ 200
harvest and
transport *! 900
dehydration at 2
DI1.4/100 kg* 1600
—_
DAf1. 2850
—_—
Dfl. 4750
Gross margin'*/ha - Dfl. 1534

*Only for stock feed - Nur fiir Viehfutter - Pour alimentation animale seulement

"Muais - Mais; 2Ertrag - Rendement; > Material - Produits de base; Y Pflanzgut - Semence;
S Pflanzenschutzmitiel - Pesticides; Unkrautbekiampfungsmittel - Herbicides; " Versicherung und
Zinsen - Assurances et intéréts; * Lohnmunternehmer - Entreprise; * Sithen - Semis; 1 Spritzen -
Traitement; ! Ernten - Récolte; '? Stroh hiichsein - Broyage: " Trocknen - Séchage; ' Bruttoge-
winn - Marge brute; "* Gerste - Orge; " Stroh  Paille; V' Stroh bailen - Pressage des pailles:
" Kartoffeln (fiir Viehfutter und Stiirkeproduktion) — Pommes de terre (pour alimentation
animale et production foculiere); " Fungizide  Fongicides:* Pflanzen - Platation:* Ernte und
Transport - Récolte et transport; ** Trocknung fiir - Déshydration a

Anhang 1. Beispiel fuir die Schiltzung des Bruttogewinns (dic Arbeiten werden von einem Lohnun-
ternchmer durchgefilhrt, die Zahlen basieren auf Anon., 1981).
Annecxe 1. Exemples de marges brutes de certaines cultures (travaux importants réalisés par

entreprises, source Anon., 1981).



