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Summary. In 1985, 1986 and 1987, 600 clones were visu- 
ally assessed at harvest on plant appearance. The clones 
were harvested 80 days after planting in the first year, in 
the following years after approximately 80 days as well as 
after 145 days. The correlation coefficients between years 
and between harvest times were low to medium. Simulat- 
ing different selection intensities using the performance 
of these 600 clones in two successive years, the relation 
between selection pressure in the first year and the re- 
tained proportion of well performing clones in the second 
year was described. Including the costs of testing, the 
most economic selection procedure was calculated. This 
procedure consisted in testing 1,579 first-year clones and 
499 second-year clones for every 100 third-year clones 
required. The optimal period of the main evaluation in 
the second clonal year is at ware potato harvest time. 
This selection procedure also provides good selection 
possibilities for underwater weight and foliage maturity. 
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(Neele et al. 1988) and after the second clonal generation 
only 2% of the initial population is left. 

The efficiency of the selection, however, is low 
(Blomquist and Lauer 1962; Marls 1962, 1966, 1988; 
Swiezynski 1968; Davies and Johnston 1965, 1968, 1974; 
Krug et al. 1974; Kameke 1975, 1978; Tai 1975; Ander- 
son and Howard 1981; Brown et al. 1984, 1987; Caligari 
et al. 1986; Brown and Caligari 1986; Pfeffer et al. 1988; 
Neele et al. 1988). Despite abundant evidence for low 
efficiency of rigorous selection on plant appearance, it 
has not resulted in major changes in the procedures used 
in potato breeding. The breeders stick to the old method, 
probably because the economic parameters of alternative 
selection schemes are unknown. A new scheme must be 
both genetically and economically attractive, but since 
the economic advantages of alternatives selection 
schemes are hardly predictable, breeders are not apt to 
change to another system. This paper gives estimates of 
economic and genetic parameters of selection for plant 
appearance at harvest in the first and second clonal 
generations. 

Introduction 

Potato breeders mainly select clones in the first two clon- 
al generations by visual preference and this preference 
determines whether the plant is selected or not. The visu- 
al preference can be compared to a multiple-trait selec- 
tion, including traits concerning the smoothness, colour 
and shape of the tubers, tuber yield and number, stolon 
length and clinging stolons and the foliage type, and will 
be referred to as 'plant appearance' in this paper. Fur- 
thermore, the selection in these generations is rigorous 

Materials and methods 

In the summers of 1985, 1986 and 1987, 600 clones were assessed 
visually on their performance at harvest. These 600 clones be- 
longed to 20 hybrid populations, equivalent to those used in 
commercial breeding. Each population was represented by 30 
clones. Alcmaria, a very early maturing cultivar, was used as a 
standard. 

In 1985 the clones were planted on 23 April in a trial near 
Lelystad, in two plant plots. The limited number of seedling 
tubers excluded replications. Only 80 days after planting, the 
plants were evaluated and harvested (11 July), in order to obtain 
virus-free seeds for the next generation. 

The 1986 and 1987 experiments were performed on the same 
farm as that of 1985, and each clone was represented each year 
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by four plots of two plants. In 1986 the plots were planted on 26 
April, two plots were harvested after 74 days and the other two 
after 142 days. In 1987 planting took place on 21 April and two 
plots were harvested after 86 and the other two after 145 days. 

In all field experiments, plant spacing was 35 cm within and 
75 cm between ridges. A split-plot experimental design was used 
with the harvests as main plots and the populations as subplots. 
The clones were randomized in the populations. 

In the first, second and third clonal generation, plots were 
assessed at harvest on plant appearance (1 = poor to 9 = excellent) 
and correlations between all generations were calculated. Fur- 
thermore, at the late harvest of the second and third clonal 
generations, the foliage maturity (1 = green to 9 = dead) and the 
underwater weight (in grams per 5 kg tubers) were assessed. 

For a comparison between first- and second-year clones, 
first-year clones were simulated by one two-plant plot at early 
harvest and the second clonal generation by the mean of two 
two-plant plots at either early or late harvest. Data of single 
two-plant plots were obtained from the 1985 experiment and 
from both replications of the early harvests of the experiments 
in 1986 and 1987. Six comparisons were made between first-year 
clones and second-year clones both at early harvest, and be- 
tween first-year clones at early harvest and the second-year 
clones at late harvest (see also legend Fig. 1). 

Correlations were calculated between years and between 
harvests within years. For the calculations the means of the 
replications of each clone were used. For the determination of 
the genetic variance, the year variance, the error variance, and 
the genotype-year interaction, analyses of variance were per- 
formed for the experiments of 1986 and 1987 using the random 
model. 

In the assessment of the economic parameters, special atten- 
tion was paid to the time involved in activities during the breed- 
ing cycle, since labour costs contribute significantly to the costs 
of a breeding programme. In several large experiments, using 
either one-plant plots or four-plant plots, the time for each 
activity was determined over a period of many years by a group 
of experienced people. For other costs, data of the Dutch Agri- 
cultural Economics Research Institute (LEI) and the Nether- 
lands Central Bureau of Statistics (CBS) were used (Anonymous 
1988) as well as those of Noordam and Ham (1988). This means 
that the calculated economic optimal selection scheme reflects 
the Dutch situation, and should be interpreted as an example. 
The method, however, can be applied worldwide. 

To identify the selection scheme with minimal costs in the 
first and second clonal generation, economic parameters were 
combined with the comparisons between plant appearance of 
first and second year clones. 

Assuming that a more or less fixed number of entries are 
tested in the third clonal generation, the costs of the first and the 
second clonal generation is described as follows 

C = c  a x N l + c  z •  2 or, 
C = c 1 x N 3 / F +  c 2 x ( S  x N a / F  ) (1) 

where C is the total costs, c 1 the cost of a first-year clone, c 2 the 
cost of a second-year clone N1, N 2 and N 3 the number of first-, 
second- and third-year clones, respectively, S the selection inten- 
sity in the first clonal generation, and F the retained fraction of 
the well-performing second-year clones in the first selection 
cycle. 

Results and discussion 

A moderate similarity was found between different years 
and harvests for plant  appearance (Table 1). This agrees 

Table 1. Correlations for plant appearance between and within 
years and different harvest times 

Early Early Late Late 
vs. vs. vs. vs. 
early late early late 

Between years 
1985-1986 
1985 1987 
1986-1987 
Within years 
1986 
1987 

0.69** 0.54** 
0.66** 0.45** 
0.77** 0.46** 

0.66** 
0.61 ** 

0.66 ** 0.63** 

** significant at P<0.01 

with the findings of the authors referred to in the intro- 
duction. For  the calculation of the correlation coeffi- 
cients, the means of the replications of each clone were 
used for the 1986 and 1987 experiments. Therefore, com- 
pared to breeding practices of the first field generations, 
where in general small single-field plots are used, the 
presented coefficients will be higher and breeders should 
take into account that re la t ion~ips  between years are 
weaker. 

Correlations within years or between years at the 
same harvest period were moderate, those between years 
at different harvest times were weak to moderate. Conse- 
quently, the appearance of the plants at early harvest of 
the first year clones predicts poorly the appearance at 
maturi ty in the following generations. Therefore, the ma- 
ture and immature plant  appearance should be used in- 
dependently in the selection. 

Moderate correlations between years at early and at 
late harvesting can be caused by high environmental  vari- 
ances and/or high genotype-environment interactions. 
As indicated in Table 2, the genotype-year interaction 
[YC(P) + YP: 0.26 for the early harvest and 0.24 for the 
late harvest evaluation] was of minor importance; the 
environmental  variance was about  four times as high. 
Therefore, an improvement in estimating the value of the 
clones by using more plants per clones improves the cor- 
respondence between years. However, it has already been 
reported earlier that using more than one plant per first- 
year clone was economically not  feasible (Neele et al. 
1988). Using two-plant plots instead of one-plant plots 
resulted only in a minor improvement of the resemblance 
of the first and the second clonal generation. The herita- 
bility for the late harvest was lower than that for the early 
harvest. Selection for plant appearance at late harvest 
should, therefore, be carried out with even more caution 
than at early harvest. 

Studying correlation coefficients and heritabilities 
does not give information on the economically best selec- 
tion scheme. In such a scheme loss of some potentially 
valuable material is acceptable if it is compensated for by 
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Table 3. Performance at the early harvest of 1986 (one two- 
plant plot) and the late harvest of 1987 (mean of two two- 
plant plots) for the plant appearance character ( l=poor ,  
9 = excellent) 

Late harvest 1987 

1 2 3 4 5 6 7 8 9 Total 

Early 
harvest 
1986 

9 0 0 0 0 1 2 1 1 0 5 
8 0 0 0 0 1 5 2 3 1 12 
7 0 0 0 0 4 13 22 10 2 51 
6 0 0 0 7 16 32 24 11 4 94 
5 0 0 1 18 35 33 36 13 1 137 
4 2 1 4 12 27 22 19 9 0 96 
3 0 1 2 17 18 21 15 2 1 77 
2 0 0 11 20 26 11 4 0 0 72 
1 0 3 5 11 14 8 3 0 0 44 

Total 2 5 23 85 142 147 126 49 9 588 

a reduction of  costs. Fo r  determining the opt imal  
scheme, the number  of  third-year  clones is assumed to be 
fixed, due to the relatively high costs involved in testing 
these clones. So in the best scheme, from an economic 
point  of  view, a fixed number  of  clones is retained after 
two selection cycles at the lowest cost. 

In the first selection cycle not  all potent ial  clones are 
recognized, as is shown in Table 3. The da ta  given in 
contingency tables, e.g. Table 3, can be used to optimise 
the selection in the first and second clonal generation 
(Simmonds 1985). However,  due to the limited number  
of  classes used in the assessment of  p lant  appearance,  
contingency tables offer a limited number  of  selection 
intensities in the first clonal generation. Figure I presents 
the propor t ion  of  the selected first-year clones perform- 
ing well in the second-year clones [F in Eq. (1)] plot ted 
against  the selection pressure in the first generation [S in 
Eq. (1)]. The relation is cont inuous and deviates from 
those expected with random selection, y = x  line, and 
those with perfect selection in the first clonal generation, 
curve P. 

The calculated relat ionship between the evaluat ion at 
early harvest of  the first clonal generation and the early 
harvest evaluat ion in the second-year clones is 

in (1 + F)  = - 1.144 + 1.847/(1 + e ~- 7.147 ~n ~1 + s~ + 0.OTOS~), 

(x) 

that  with the late harvest  evaluat ion in the second-year 
clones is 

in (1 + F)  = - 0.804 + 1.527/(1 + e t -  5.790 (In (1 + S)+ 0.0220)). 

(3) 

Equat ions  (2) and (3) describe the observed relationship 
between the selection intensity at early harvest of  the first 
clonal generation and the retained propor t ion  of  the 
well-performing clones in the second clonal  generation at 
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Fig. 1 A and B. The proportion of clones performing well in the 
second clonal generation (F, ___ 10% of the population) recog- 
nised at different selection intensities in the first clonal genera- 
tion (S). The first-year clones were represented by the experi- 
ment of 1985 and each of the two replicates of the early harvest 
of the experiments of 1986 or 1987. These were compared with 
the mean scores of either (A) the early or (B) the late harvest of 
the experiments of 1986 or 1987. The x=y-l ine represents ran- 
dom selection, the P-curve perfect recognition of all well-per- 
forming clones in the first clonal generation. 

early and at late harvests .  These  fo rmulas  agree wi th  the 

re la t ionship  found  by Neele  et al. (1988) and  those  calcu- 

lated wi th  da ta  o f  Mar i s  (1962). The  re ta ined p r o p o r t i o n  
was h igher  at early harves t  than  at late harvest .  This  

means  that  wi th  select ion at late harvest ,  e i ther  m o r e  

f irst-year clones are  to be g rown  or  the select ion mus t  be 

mi lder  i f  a b reeder  wants  to have  an equal  n u m b e r  o f  
th i rd-year  clones. 

The  op t imal  select ion scheme depends  no t  only  on the 

rel iabil i ty o f  the assessment,  but  also dn the costs o f  
testing. Costs  can be d iv ided into  costs that  are plot-size 

independent ,  such as agr icul tura l  ma in t enance  and  p lan t  
pro tec t ion ,  and  those  that  are  plot-size dependent ,  such 

Table 4. Costs of experiments in terms of labour time or in 
Dutch guilders. The costs are divided into plot-size independent 
(per hectare) and plot-size dependent (per 1,000 clones). The 
plot-size dependent costs are seperated into costs for growing 
1,000 first-year clones in one-plant plots or 1,000 second-year 
clones in one four-plant plot (only early harvest evaluation) or 
two four-plant plots (early and late harvest evaluation). The 
harvest costs are dependent on the selection intensity S of the 
first clonal generation, the initial and the retained proportion of 
well-performing clones (I and F). At harvest all tubers were 
collected and put into nylon bags. Calculation of the total costs 
per clone was based on an average wage of a field worker of Dfl 
26.50 per hour a 

Plot-size independent (per hectare= 38,000 plants) 

Ploughing, harrowing, mauring, etc. 565 min ~ 
Plant protection (including 12 sprays 550 min a 
against Phytophthora infestans) 
Cost of manure 250 kg N fi Dfl 1.20 Dfl 300. - b  

120 kg P205 fi Dfl 0.90 Dfl 108. -b  
250kg K20 ~ Dfl 0.52 Dfl 130. -b  

Cost of plant protection chemicals Dfl 1,168. -b  
Loss of commercial harvest 

- main product 44,000 kg ~ Dfl 0.18 Dfl 7,920. -b  
rest 4,000 kg fi Dfl 0.05 Dfl 200. b 

Land rent Dfl 580. -a  

Total plot-size independent costs 
- per hectare Dfl 10,900.- 
- per plant (15%borderplantsandpaths) Dfl 0.337 

Plot-size dependent (in minutes per 1,000 clones) 

One-plant plot Four-plant plot 

Planting 45 
Field determinations (3) 540 
Harvesting 

- Early harvest 
selection-independent 465 
selection-dependent 585 • S 

- Late harvest 
selection-independent 675 
selection-depent 800 • S 

Total plot-size dependent costs 
per 1,000 clones (Dfl) 

- Early harvest 464+258 • S 

- Early and late harvest ***** 

Total costs per 1,000 clones (Dfl) 

320 
540 

1,565 
1,985 x (Fx 1)/S 

2,405 
2,795 x (Fx 1)IS 

1,071 + 877 
x (F x I)/S 
3,151 + 1,234 
x (F x 1)IS 

One-plant plot Four-plant plot 

Early harvest 801 + 258 x S 2,419 + 877 
x (Fx  1)/S 

- Early and late harvest ***** 5,847 + 1,234 
x (F x 1)/S 

a Anonymus (1988) 
b Noordam and Ham (1988) 
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as time required for planting and harvesting. Table 4 
shows labour time and costs of relevant activities. 

The main costs of field trials with first- and second- 
year clones are the loss of commercial harvest and the 
plot-size dependent costs (Table 4). With respect to the 
plot-size dependent costs, the costs for planting one seed 
tuber per clone is considerably less than for planting the 
same number of seed tubers in four-plant plots. Howev- 
er, harvesting of the four-plant plots is relative to the 
number of plants, less time consuming, and the relative 
difference in time exceeds the difference in planting the 
seed potatoes. 

No differences were found in time needed for the field 
assessments between one- and four-plant plots. The 
larger plots were found easier to evaluate, compensating 
for the extra time used for walking along four-plant 
plots. 

For comparing the economics of one-plant plots ver- 
sus four-plant plots, the total costs for each have been 
calculated (Table 4). The costs of testing first- and sec- 
ond-year clones depend on the selection intensity in the 
first clonal generation [S in Eq. (1)], the initial proportion 
of well-performing clones (/) and the retained proportion 
of well-performing second-year clones [F in Eq. (1)]. 

In these populations the proportion of well-perform- 
ing clones (/) was found to be approximately 10%. Com- 
parable proportions were also found by Maris (1962) and 
Neele et al. (1988). Brown (1987) found a proportion of 
24% of satisfactorily performing clones, having a score 
over 5 in a 1 - 9  scale, and 7% of well-performing clones 
with a score over 6. 

Besides L F and S, three other parameters are impor- 
tant, namely N3, c 1 and c 2 [Eq. (1)]. The number of 
third-year clones, N3, is taken to be fixed; the costs per 
first- and per second-year clone (c 1 and c2) are calculated 
in Table 4. The relations between F and S are described 
in Eqs. (2) and (3), and by substitution in these formulas 
and the costs in the cost formula [Eq. (1)], the selection 
procedure with minimal costs can be calculated. 

It is calculated that the most economic selection 
scheme with selection for plant appearance at early har- 
vest in the first and the second clonal generation is ob- 
tained by using a selection intensity (S) of 32.4% in the 
first-year clones. Thus, the retained proportion of the 
well-performing second-year clones ( = F )  is 75.8%. 

Assuming 10% of well-performing clones in the ini- 
tial population, the first clonal generation should contain 
1,319 [=100/(0.758 • clones, the second clonal 
generation 427 (=1,319 • clones to obtain 100 
third-year clones. The total number of plants to test is 
(1,319 x 1)+(427 • 4)=3027. 

For a scheme of visual evaluation at late harvest of 
the second clonal generation, the most economic selec- 
tion scheme is obtained by using a selection intensity of 
31.6% in the first clonal generation. The retained pro- 

portion of potentially well-performing clones at the late 
harvest is 63.3%. This implies testing 1,579 [=100/ 
(0.633 x 0.10)] first-year clones and 499 ( =  1,579 x 0.316) 
second-year clones, or (1,579 x 1)+(499 x 8)=5571 
plants, to obtain 100 third-year clones. The number of 
plants is higher than in the scheme involving early har- 
vest evaluation only. This is because the early harvest 
performance and the performance at late harvest are less 
well correlated (Table 1), and the extension of the selec- 
tion scheme to a late harvest evaluation gives additional 
information. 

The most economical selection scheme uses a selec- 
tion intensity of 32.4% (early harvest evaluation in the 
second clonal generation) or 31.6% (late harvest evalua- 
tion in the second clonal generation) in the first clonal 
generation. It is also interesting to know what the effects 
are of different selection schemes on the costs. Costs and 
plant numbers for alternative selection schemes are listed 
in Table 5. 

Selection schemes involving selection intensities of 
2 0 % - 5 0 %  in the first clonal generation do not differ 
much in costs. Therefore, breeders are advised to adjust 
the selection schemes to a selection intensity in the first 
clonal generation between 20% and 50%, preferably 
32%. Schemes with selection intensities of 10% or less 
are not recommended, since these are even more costly 
than the scheme without selection in the first clonal gen- 
eration. 

Effects on other traits 

Since selection for plant appearance at early harvest 
might influence the mean of the foliage maturity and 
underwater weight of the selected population, a measure 
of the dry matter content, these characters were deter- 
mined at late harvest. 

For foliage maturity, the correlation coefficient with 
plant appearance at early harvest was moderate (Table 
6). This means that selection for plant appearance will 
favour early-maturing clones. In fact, selection of the 
best 10% clones at the early harvest in the first clonal 
generation and 20% in the second clonal generation re- 
sults in a population containing mainly very early-matur- 
ing clones. The mean score of the selected clones for 
foliage maturity was 8.6 in 1986 and 7.3 in 1987 (Tabel 7). 
Since the very early standard variety, Alcmaria, had a 
mean score for foliage maturity of 8.9 in 1986 and 7.8 in 
1987, a large proportion of the selected clones were even 
earlier than Alcmaria. Rigorous selection at early harvest 
of both the first and the second clonal generation will 
result in a relative early-maturing population. A selection 
intensity of about 35% at early harvest in the first year 
and 20% in the second year decreased the mean maturity 
score to 8.3 in 1986 and to 6.3 in 1987. Late harvest 
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Table 5. Fourteen alternative selection schemes to obtain 100 third-year clones from a population containing 10% well performing 
clones. For each scheme are listed the selection intensity in the first clonal generation (S), the number of first- and second-year clones 
(N 1 and N2), the costs of testing a first- and second-year clone (c a and c2) and the total costs (C).The schemes involve selection in 
the second clonal generation at either the early harvest or the late harvest 

S (%) c 1 Selection in second clonal generation at 

early harvest late harvest 

N1 r N 2 C (Dfl) N 1 c 2 N 2 C (Dfl) 

1 0.803 25,258 2.766 253 20,989 32,925 6.222 329 28,498 
2.5 0.807 11,562 2.722 289 10,120 15,613 6.164 390 15,009 
5 0.814 6,102 2.706 305 5,790 8,296 6.145 415 9,299 

10 0.827 3,209 2.692 321 3,517 4,296 6.135 430 6,187 
15 0.840 2,252 2.679 338 2,796 2,937 6.127 441 5,165 
20 0.852 1,794 2.663 359 2,485 2,271 6.119 454 4,715 
30 0.878 1,374 2.632 412 2,292 1,639 6.098 492 4,439 
40 0.904 1,196 2.603 478 2,326 1,355 6.075 542 4,518 
50 0.930 1,107 2.577 554 2,456 1,204 6.052 602 4,765 
60 0.957 1,059 2.557 635 2,636 1,117 6.032 670 5,109 
70 0.982 1,031 2.541 721 2,844 1,063 6.013 744 5,517 
80 1.007 1,013 2.527 811 3,070 1,028 5.997 822 5,967 
90 1.033 1,003 2.516 903 3,307 1,004 5.984 904 6,447 

100 1.059 1,000 2.507 1,000 3,566 1,000 5.972 1,000 7,033 

Table 6. Phenotypic correlation coefficients between plant ap- 
pearance of the 600 clones at either the early or the late harvest 
and foliage maturity and underwater weight of tubers, both at 
the late harvest 

Correlated characters Early harvest Late harvest 

1986 1987 1986 1987 

Plant appearance 
- foliage maturity 0.69 0.40 0.38 -0.05 
- underwater weight -0.41 -0.37 -0.28 -0.10 

evaluation of plant appearance in the second clonal year 
resulted in a mean maturi ty of the selected clones of 7.4 
in 1986 and 5.2 in 1987. Very early clones were not  re- 
tained by the latter selection. This shows that high selec- 
tion pressure at early harvest is not  only economically 
sub-optimal, but  also induces a shift of the mean maturi- 
ty of the selected clones. With milder selection, more 
clones in later maturi ty classes are retained. 

For underwater weight the situation is less critical, as 
can be concluded from the lower correlation coefficients 
(Table 6). However, mainly clones with low underwater 
weight were selected if selection was rigorous in both 
clonal generations (Table 7). In the starch, French fries or 
chips industry a min imum level of the dry matter content 
is required. So if the major part of the selected populat ion 
has a low dry matter content, many clones will not be 
suitable for industrial processing and this will reduce the 
agronomical value of the breeding material. If  a higher 
proport ion is selected, the populat ion mean of underwa- 

Table 7. Effects of selection for plant appearance on the mean 
scores of the selected clones for maturity and for underwater 
weight. For the schemes including early harvest evaluation (e) 
only, the proportion of clones having a plant appearance score 
over 7 at late harvest is listed. In the scheme marked with (1), late 
harvest evaluation is included 

Unselected 
population 

Mean of the population after 
application of the selection sche- 
me (proportion selected first/ 
second year) 

10%/ 35%/ 35%/ 
20%(e) 20%(e) 20% (1) 

1986 
Maturity 5.9 8.6 8.3 7.4 
Underwater 493 420 450 469 

weight 
Plant appear- 21.7% 65% 63% 100% 

ance late 

1987 
Maturity 4.6 7.3 6.3 5.2 
Underwater 402 337 370 392 

weight 
Plant appear- 18.9% 55% 48% 100% 

ance late 

ter weight is higher. This is especially so if the selection 
is done at the late harvest. 

Late harvest evaluation in the second clonal genera- 
tion does not only improve the total level of the underwa- 
ter weight and maintain the variation in maturity, but 
also all clones have a satisfactory plant appearance at 
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late harvest. In selection at early harvest,  only 5 0 % -  
65 % of  the retained popula t ion  will perform satisfactori- 
ly as ware potato .  This means that  the number  of  entries 
in the third field-year must  be 1 . 5 - 2  times larger than if  
the main determinat ion occurs at late harvest in the sec- 
ond clonal generation. 

Increasing the number  of  third-year  clones also im- 
plies testing of  more first- and second-year  clones. This 
will lead to an increase in costs, compared  to a scheme 
including late harvest evaluation.  The higher costs of  
evaluating the second clonal  generation at early and at 
late harvest will be compensated for by a reduced number  
of  entries at the first, second and third clonal  generation. 
F o r  obtaining 100 third-year  clones in a scheme includ- 
ing late harvest evaluation,  1,579 first-year clones have to 
be tested and 499 second-year  clones, as ment ioned earli- 
er. Total costs are Dfl 4,435 (calculated from data  in 
Table 4). To obta in  the same number  of  third-year  clones 
using a scheme with early harvest evaluat ion only, 1,319 
first-year clones and 427 second-year clones must  be 
evaluated. Costs for the first two years are Dfl 2,287. This 
figure must  be mult ipl ied by 1 .5 -2  to obta in  an equal 
number  of  well-performing third-year  clones at late har-  
vest. Fo r  the costs of  the first two field generations, this 
will be within the range of  Dfl 3,430.50 to Dfl 4,574, 
equaling the costs of  a scheme including late harvest  
evaluation.  However,  in the lat ter  scheme the number  of  
the third-year  clones is lower and so are the costs of  tests. 
Therefore, a scheme including late harvest  evaluat ion 
will be more economical.  

Conclusions 

The commonly  used selection scheme with severe visual 
selection on plant  appearance  in the first clonal  genera- 
tion and somewhat  milder selection in the second is not  
optimal.  To obta in  a certain number  of  third-year  clones, 
the most  economic selection procedure  is to apply  a selec- 
t ion intensity of  about  32%. This selection intensity is 
a lmost  equal to that  suggested by Maris  (1988). He sug- 
gested a selection intensity of  40% for the first clonal 
generation, but  did not  support  it by economic data.  A 
favourable aspect of  milder selection is that  later matur-  
ing clones with high underwater  weight are being re- 
tained. 

It should be considered that  the suggested selection 
intensity is based on Dutch economic parameters  and 
these parameters  differ from those of  other countries. 
However,  the approach  used in this s tudy can be applied 
worldwide,  and by substituting local economic parame-  
ters in the model,  the economic opt imal  selection proce- 
dure can be adjusted. Fur thermore ,  breeders are advised 
to include late harvest evaluat ion on plant  appearance  in 
the second clonal  generation, since in such a scheme 
selection can be applied at the lowest relative costs. 
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