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An analysis of the effects of seed weight, seed rate and date of
harvest on the yield and economic value of seed-potato crops

BY E. J. ALLEN AND SUSAN A. O'BRIEN

Department of Applied Biology, University of Cambridge

[Received 10 June 1986)

SUMMARY

Five experiments were carried out in two seasons which studied the effects of seed
weight, seed rate and date of harvesting on yield of seed crops of Record (four experi-
ments) and Maris Piper (one experiment) in Scotland. Small seed (35 g) produced more
above-ground stems and tubers and higher seed yields at equal seed rates than large
seed (105 g). Increasing seed rate with both seed weights increased yield of seed-size
tubers. The value of the seed crop was measured as the number of ware hectares
which could be replanted from the yield of 20-55 mm tubers and calculated using
recommended seed rates (Ministry of Agriculture, Fisheries and Food, 1982). Small
seed produced more replantable hectares than large seed at equal seed rates in all
experiments with Record and increasing seed rate increased the number of replant-
able hectares. However, when seed retained for replanting at the same seed rate was
taken into account, small seed produced more replantable hectares only when total
yield reached approximately 40 t/ha. Seed yield was much higher in Maris Piper than
in Record and effects of seed weight were small. Increasing seed rate increased the
number of replantable ware hectares but the effect was much reduced after retention
of seed for replanting.

The effect of pricing policy for seed and ware on returns to the seed grower was also
established. The sale of seed (and ware tubers) at fixed prices per tonne produced lower
returns than selling seed at varying prices per tonne in relation to tuber size and
equivalent to a fixed ware cost per hectare planted especially where seed yields were
high. Delaying harvesting increased sale value but crops reached 85-90% of the final
value before many oversize tubers (> 55 mm) were found and large yields of such
tubers from low seed rates produced lower returns than from increased seed rates.

The number of ware hectares produced per seed hectare (even net of seed retained
for replanting) was high especially in Maris Piper. The results show that the area
devoted to seed potato production in U.K. is much too high for the ware area and the
significance for the future of seed production is discussed.

INTRODUCTION 8 o l d a t a fixed p r i c e p e r t o n n e w i t h l i t t l e r e g a r d t o

the constituent tuber sizes. For ware production,
There are several reports which show that efficient use of seed can be achieved only by relating

economic optimum seed rates for ware potatoes seed rate to size and number of seed tubers planted
decrease with decreasing seed size (Jarvis, 1971; and there is considerable advantage in using smaller
Jarvis & Shotton, 1971; Allen, 1978). If seed is seed as a smaller total quantity of seed would be
purchased at a fixed price per tonne, irrespective of required with consequent savings in handling,
size, greater returns frequently result from the use transport, storage and planting time. However, in
of smaller seed, as yield is not affected as much by many seed crops a proportion of over-size (ware)
size of tubers as by number of tubers planted over tubers are usually produced and the average size of
the whole legal seed range (25-55 mm or 20-130 g). the seed tubers is frequently close to the upper
Alternatively, a higher price may be paid per tonne limit of the seed fraction. Increases in seed rate
of small seed than large seed while achieving similar and/or carefully timed defoliation could ensure
returns from the crop. In Holland, the price of seed that few over-size tubers were produced but the
is inversely related to the size of the seed but in the economic implications of such changes and indeed
United Kingdom a considerable amount of seed is of the economics of seed production generally are
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Yield of seed-potato crops 167

Table 2. Seed-rate treatments in each experiment

Experi-
ment

1

3

2

4 , 6

Seed
weight

(g)
36

106
36

105

36
105
35

105

1-08
—

—

1-15

1-44
•

—

1-53
</

•J

1-91

—

2 0 4

Seed rates

2-87

—

Seed rates

306

<J

(t/ha)

4-31

(t/ha)

4-69
V
•/

•J

5-74

612

•J

V

718

7-66

</

V

8-61

•

—

9 1 9

difflcult to establish as there are few published data
relating to graded yields of seed crops grown in
seed-producing areas. In this paper the results of
five experiments which studied the effects of seed
weight, seed rate and date of harvesting on graded
yields of two varieties on five sites in Scotland are
reported. In each experiment three harvests were
taken and tubers graded into narrow fractions so
that the effects of delaying harvest on the economic
returns from the seed crops could be established.

THE EXPERIMENTS
Five experiments were carried out on different

sites in Scotland, two in 1981 (varieties Record and
Maris Piper) and three in 1982 (Record). The
details of sites and general husbandry are given in
Table 1. In all cases the cultivations, fertilizer
application and ridging were carried out by the
farmer and the experimental area was left ridged
by passage of the planter with the planting
mechanism disengaged. The rows were therefore
contiguous with field rows and all post-planting
operations were carried out by the farmer. Planting
was by hand into the shallow ridges which were
re-shaped by hand hoeing where necessary. Treat-
ments comprised two seed weights, 35 and 105 g
(weighed±10%) planted at 5 (1981) or 6 (1982)
within-row spacings and replicated three times in a
randomized-block design. The spacings were 40
(1982 only), 30, 22-5, 15, 10 and 7-5 cm for 35 g
seed and 60 (1982 only), 45, 30, 22-5, 18 and 15 cm
for 105 g seed, producing a wide range of seed rates
which overlapped at four seed rates. The seed
rates for each site are given in Table 2. In each year
seed was selected from unsprouted tubers of one
seed crop of FS1 (Record 1981) or FS2 grade
shortly before planting. Some limited sprout growth
occurred between selection and completion of
planting in 1982.

The plots were 13-2 m long comprising three
harvest areas of 3-6 m and three rows wide. The
harvests began before any tubers exceeded 50 mm
in even the lowest seed rates. At each harvest the
above-ground stems were counted in each harvest
area and the tubers dug by hand.

RESULTS
Tuber yields were much higher in 1981 than in

1982 and the results of the two experiments with
Record at Kilduncan (Expts 1 and 3) are used to
illustrate the major effects. The data for the re-
maining three experiments are summarized in
Appendix Tables 1-10 and any important differ-
ences between the groups of experiments are
referred to specifically in the text.

Number of stems
There were relatively few secondary stems in any

treatment and the number of above-ground stems
(and mainstems) increased linearly with increasing
seed rate in both seed weights (Table 3). At equal
seed rates, small seed produced significantly more
stems than large seed. In Record there was little
effect of site on the number of stems produced by
each seed rate. Maris Piper produced more stems
than Record.

Number of tubers

In all experiments the total number of tubers
increased linearly with increasing density (seed
rate or number of stems) (Table 4). At equal seed
rates small seed produced more tubers than large
seed but there was little effect of seed weight at
equal mainstem or above-ground stem densities.
At Kilduncan small seed produced substantially
more tubers in Expt 1 than in Expt 3 at all seed
rates. In 1982 both seed weights at Kilduncan
produced fewer tubers than at the other two sites
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168 E. J. ALLEN AND SUSAN A. O'BRIEN

Table 3. Effect of seed weight and seed rate on number of mainstems and above-ground stems in
Expts 1 and 3

Seed rate (t/ha)

Expt 1

Expt 3

Expt 1

Expt 3

Expt 1

Expt 3

weight (g)

35
105

35
105

35
105

35
105

Table 4.

Seed
weight

(g)
35

105

35
105

108

—

80
—

—

82
—

Effect

1-08
•
•

316
—

1-44

89
—
116
—

104
—

118
—

of seed

1-91 2-87 4-31

No. of mainstema f000s/ha)
120
—
142
97

185
96

212
130

249
120

329
205

5-74

347
131

420
262

No. of above-ground stems f000s/ha)
132
—

146
99

197
107

226
132

weight and seed rate on
Expts 1

1-44 1-91
556
—
406
—

604
—

520
346

and 3 (first

Seed rate

2-87
770
497

607
493

252
139

348
208

358
178

423
267

718

—
198

363

—
217

368

8-61

216

395

—
238

412

total number of tubers ('000s/ha) in
harvests)

(t/ha)

4-31
936
639

734
613

* Seed rate not used.

5-74
1083

658

809
660

7-18
—
822

875

8-61

830

889

S.E.

8 1

150

8-6

14-2

S.E.

460
46-9

which were remarkably similar (Table 4 and
Appendix Table 1). Large seed produced similar
numbers of tubers in the 2 years at Kilduncan.

Maris Piper produced more tubers than Record;
its lowest densities produced almost as many tubers
as the highest densities of Record (Appendix
Table 1).

Tuber yield

In Expt 1 the effect of increasing seed rate of
either seed weight on total yield was relatively
small (Table 5). At the lowest equal seed rate small
seed produced greater total yield than large seed
at all harvests. Yields of seed-size fractions, 20-32
and 32-40 mm, increased with increasing seed rate
at all harvests and at equal seed rates small seed
always outyielded large seed. Yields of these sizes
decreased between harvests. Yields of larger tubers
(40-55 mm) increased between harvests at the
higher seed rates of both seed weights. Increasing
seed rate with small seed had little effect on yields
of this size at the first harvest but at subsequent
harvests and for large seed throughout, increasing
seed rate increased yield of large seed tubers over
much of the range. At equal seed rates, small seed
produced higher yield than large seed at the later

harvests. Yield of over-size tubers was substantial
only at low densities at final harvest when yield
decreased with increasing seed rate and at equal
seed rates large seed produced higher yield than
small seed.

In Expt 3 yields were much smaller than in
Expt 1 and at final harvest only approached the
yields achieved at the first harvest in Expt 1
(Table 6). The effect of increasing seed rate was
much greater at these lower yields than in Expt 1,
as would be expected. Total yield increased with
increasing seed rate over the whole range at the
first harvest and much of the range at the two
subsequent harvests. At the first two harvests,
yields of the smaller seed-size fractions increased
with initial increases in seed rate and then decreased
in both seed weights. At final harvests yield of
these tubers increased over the whole range of seed
rates in both seed weights and at all harvests at
equal seed rates small seed produced higher yield
than large seed. Yield of small seed sizes increased
between the first two harvests and decreased
slightly between the final two harvests. Yield of
larger seed increased with delay in harvesting but
at final harvest seed rate had little effect on yield
in either seed weight. Only a few over-size tubers
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Table 5. Effect of seed weight and seed rate on tuber yield (t/ha), Expt 1

Total

> 40 ram

20-32 mm

32-40 mm

40-55 mm

Total

> 40 mm

20-32 mm

32-40 mm

40-55 mm

Total

> 40 mm

20-32 mm

32-40 mm

40-55 mm

> 65 mm

Seed
weight

(g)

35
105

35
105

35
105

35
105

35
105

35
105

35
105

35
105

35
105

35
105

35
105

35
105
35

105

35
105

35
105

35
105

1-44

3 8 0
—

30-9
—

1-2
—

6-8
—

26-3
—

46-7
—

4 3 0
—

0-9
—

3-6
—

231
—

549
—

60-6
—

0-9
—

3-4
—

20-5
—

301

1-91

36-8
—

28-5
—

1-4
—

6-8
—

26-3
—

50-2
—

43-4
—

0-9
—

^ 5-7
—

251
—

58-9
—

54-2
—

0-9
—

3-8
—

28-3
—

25-9

Seed rate (t/ha)

2-87

First harvest
401
33-3

27-5
26-5

2 1
11

10-4
6-6

24-7
20-4

Second harvest
56-6
48-9

4 9 0
45-6

1 1
0-6

6-3
2-7

34-4
22-3

Third harvest
63-1
56-4

56-3
63-7

1-5
0-5

5-2
2 1

36-3
18-5

201
35-3

4-31

(29. vu)
41-6
43-3

24-4
35-4

2-7
11

14-3
6 7

23-2
28-8

(12. viii)
. 55-8

56-7

42-8
51-5

1-9
0-9

10-8
4 1

35-9
28-0

(25. viii)
6 2 0
63-7

51-3
590

1-8
l - i

8-7
3-5

39-3
242

120
34-8

5-74

41-3
37-6

19-6
28-2

37
1-1

17-7
8-2

191
26-9

6 3 0
50'5

36-4
4 3 0

2-3
11

13-9
6-2

3 1 0
30-9

57-7
58-5

42-6
52-7

2-9
l - l

120
4-6

34-9
30-3

7-7
22-4

7-18

41-8

30-2

1-6

9-8

28-4

55-6
__

4 7 0

1-6

6-8

34-2

56-4

49-5

1-3

5-5
—

33-3

16-2

8-61

4 2 0

29-3

1-9
——

10-5

27-7

55-3

46-5

1-4

7 1

35-4

58-3

501

1-4

7-1
—

34-9

15-2

S.E.

1-36

1-93

0-36

0-91

1-43

2-24

2-49

0-23

0-70

213

3-20

3-26

0-26

0-59

208

305

(> 55 mm) were found at the final harvest when
low seed rates produced larger yield than higher
seed rates of both seed weights. Effects in Expts 4
and 5 were similar to those in Expt 3 (Appendix
Tables 3 and 4).

Maris Piper produced much higher seed yield
than Record in 1981 (Appendix Table 2) and even at
the final harvest most of the total yield was within
the seed fraction. Yield of individual seed sizes
increased with increasing seed rate at all harvests
but differences between seed weights at equal seed
rates were smaller than in Record. There was,
however, a consistently large increase in total yield

from the first increase in seed rate only where large
seed was used. As with Record the effect of the wide
range of seed rates on total yield was quite small.

Value of seed crops

In most previous analyses of the effects of
different seed rates on financial returns it has been
usual to use the ratio of seed: ware price as a means
of creating a range of economic circumstances so
that economic optimum seed rates may be calcu-
lated (Ministry of Agriculture, Fisheries and Food,
1982). A ratio of 2:1 is usually taken as normal and
a similar approach could be taken with the current
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170 E. J. ALLEN AND SUSAN A. O'BRIEN

Table 6. Effect of seed weight and seed rate on tvber yield (t/ha), Expt 3

Total

> 40 mm

20-32 mm

32-40 mm

Total

> 40 mm

20-32 mm

32-40 mm

40-55 mm

Total

> 40 mm

20-32 mm

32-40 mm

40-55 mm

> 55 mm

Seed
weight

(g)

35
105
35

105
35

105
35

105

35
105
35

105
35

105
35

105
35

105

35
105
35

105
35

105
35

105
35

105
35

105

1-08

6 1

0-1

2-7

3 1

15-5

8-9

1-7

4-7

8-3

26-3

21-4

0-9

4 0

161

5-3

1-44 1-91

Seed rate

2-87
First harvest (14. vii)

80 10-2 10-4
— 5-9 10-4
0-1

3-6

4 0

0-6
0-2
4-5
3-2
4-7
2-3

0-3
0-3
5-3
4-5
4-3
5-3

(t/ha)

4-31
i

12-4
111
0-2
0-2
6-5
5-4
5-0
50

Second harvest (28. vii)
17-9

10-8

1-9

5 1

10-8

20-6
19-8
9-2

12-8
2-7
1-6
8-4
5-3
9-2

11-8

24-0
230
10-6
12-5
30
24

10-4
7-9

10-5
12-5

229
22-8
6-7
8-3
50
3-5

10-8
10-8
6-7
8-3

Third harvest (12. viii)
31-6

24-2

11

6 1

16-8

7-4

31-8
30-7
23-6
26-2

2-3
0-9
5-7
3-3

20-5
18-5

31
7-6

37-3
34-8
27-9
27-5

20
1-8
71
5-3

230
23-7

4-9
3-8

33-2
35-4
19-7
24-2

31
2-5

100
8-4

18-8
22-4

0-9
1-8

5-74

131
12-5
0-5
01
7-9
5-9
4-2
60

25-1
26-3
80

10-2
61
4-2

10-5
11-6
8-0

100

34-8
34-7
18-7
20-9

4-8
3-4

10-7
100
17-9
20-2

0-8
0-7

7-18

14-3

0-3

8-3

5 0

28-0

6-4

5-6

15-5

6-4

40-6

24-1

3-8

12-2

221

2-0

8-61

14-5

0-2

8-6

5 1

2 6 0

5-8

6-7

131

5-8

39-2

2 2 0

3-9

12-7

20-3

1-7

S.E.

0-89

0 1 6

0-44

0 6 9

1-43

1-36

0-41

117

1-35

1-81

2-24

0-34

0-70

1-76

1-22

data as at this stage in seed multiplication, the
cost of seed will exceed the price realized for the
seed produced. However, in practice the seed:ware
price ratio is a very difficult relationship to
quantify accurately as the seed and ware prices may
refer to two consecutive and frequently very dif-
ferent trading seasons. The seed price is influenced
by the prevailing ware price and for the seed
grower influences his seed cost for the following
year. The seed grower also requires knowledge of
the following year's seed price to use the relation-
ship for his subsequent production. Use of the
relationship requires knowledge of the following
year's ware crop prices. If a year of low seed prices
is followed by a year of high ware prices it is possible

for ware to be worth more than seed; J . N. Bean
and E. J . Allen (unpublished data) have shown
that this frequently occurs in early potato crops.
As a consequence of these difficulties, many ware
growers prefer to take a fixed figure as cost of seed
per ware acre for calculating economic returns. If
this figure is fixed and seed rate is determined by
seed weight, the price per tonne of seed is meaning-
ful only if it is also related to the average weight
of a seed tuber, in practical terms number of tubers
per 50 kg. Ware growers may therefore either
always use seed of a specific size (allowing constant
within-row spacing) or more commonly adjust
within-row spacing according to the number of
seed tubers per 50 kg. There may be large changes
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Table 7. Effect of seed rate, seed weight and date of harvest on number of
replantable hectares, Expts 1 and 3

Date of
harvest

29. vii
12. viii
25. viii
29. vii
12. viii
25. viii

14. vii
28. vii
12. viii
14. vii
28. vii
12. viii

Seed
weight

(g)

35

105

35

105

1-08

3-7
6 6
8-2
—
—
—

1-44

12-8
10-2
9 1
—
—
—

5 0
7-8
9-7
—
—
—

1-91

Expt
13-6
120
11-9
—
—
—

Expt
6-3
9-6

11-7
3-8
7-9
8-5

Seed rate (t/ha)

2-87

1 (1981)
15-4
15-6
15-9
10-6
9 1
7-5

3(1982)
6 6

11-2
130
6-4

10-2
121

4-31

17-4
19-3
18-9
14-2
11-9
10-5

7-9
11-8
140

7-0
11-1
13-9

* Seed rate not used.

5-74

18-5
19-6
20-4
14-2
14-3
13-2

8-8
130
15-5

7-9
12-7
14-6

7-18

—
—

160
161
14-9

—
9-5

14-5
16-8

8-61

—
—

16-5
16-7
16-3

—
—
9-7

14-0
16-6

S.E.

0-56
0-87
0-64
0 5 6
0-87
0-64

0-53
0-60
0-53
0-53
0-60
0-53

in price per tonne and seed rate without altering
either the ware growers' seed costs or the return from
the crop. If differential pricing of seed is accepted,
the real value of the seed in a crop is the number
of hectares of an optimum yielding ware crop which
may be planted from the progeny tubers from one
hectare of seed crop. This may be calculated as:

_ yield of seed in individual size fraction
optimum ware seed rate for size fraction'

This has been calculated for all experiments
using the size fractions 20-32, 32-40, 40-50 and
50-55 mm and the recommended seed rates for
ware crops of Record (Ministry of Agriculture,
Fisheries and Food, 1982). A bottom limit of
20 mm rather than the legal 25 mm is used because
the rigorous hand grading resulted in tubers falling
in grades 5 mm less than would occur in commercial
harvesting and grading. For all size fractions, the
average number of tubers per 50 kg was calculated
from the data and the appropriate seed rate
selected; for the smallest seed (20-25 and 25-
32 mm) the number of tubers was 2000-4500 per
50 kg. These counts are beyond the range of the
Ministry of Agriculture, Fisheries and Food (1982)
recommendations and the conservative seed rate
rate of 1-2 t/ha was used for both grades. The
results of these calculations of number of replant-
able hectares are shown in Table 7 and Appendix
Tables 5 and 6. The number of replantable hectares
increased with increasing seed rate at all harvests
and at equal seed rates small seed produced more
replantable hectares than large seed. In Expt 1
delaying harvesting reduced the number of replant-

able hectares at low seed rates and produced only
small increases at high seed rates. In Expt 3 when
harvesting began at very low yields, delaying
harvesting increased the number of replantable
hectares at all seed rates. In Expt 1 the number of
replantable hectares was close to its maximum in
all treatments before many tubers were larger than
55 mm. In Maris Piper (Appendix Table 5) the
number of replantable hectares was much larger
than in Record for all seed rates but generally
increased with increasing seed rate with both seed
weights and in most comparisons small seed pro-
duced more replantable hectares than large seed at
equal seed rates.

At many stages in seed multiplication seed is
retained for replanting in the following year and
by taking account of the seed retained (in terms of
the hectares of ware crop which are sacrificed) the
saleable value of the seed in a crop to the seed
producer can be estimated. In Table 8 the results
for Expts 1 and 3 are shown and the number of
replantable hectares produced by high seed rates
of small seed is markedly reduced (as the retained
seed would plant many more hectares of ware crop
than of the seed crop). As a consequence the
number of replantable hectares increases over only
part of the range of increasing seed rate for both
seed weights at the first two harvests in Expt 1. At
the final harvest in both seed weights the number of
replantable hectares still increased over the whole
range of seed rates. Delaying harvest increased the
number of replantable hectares at high seed rates
of small seed but decreased the number at low seed
rates. With large seed, the number decreased with
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Table 8. Effect of seed rate, seed weight and date of harvest on number of replantable hectares
net of seed retained for replanting at same seed rate), Expts I and 3

Date of
harvest

29. vii
12. viii
25. viii
29. vii
12. viii
25. viii

14. vii
28. vii
12. viii
14. vii
28. vii
12. viii

Seed
weight

(g)

35

105

35

105

108

2-9
5-8
7-4

—

1-44

11-6
9-0
7-9
—
—
—

3-8
6-6
8-5

1-91

12-0
10-4
10-3
—
—
—

4-7
8-0

101
3 1
7-2
7-8

Seed

2-87

Expt 1
130
13-2
13-5
9-8
8-2
6 6

Expt 3
4-2
8-8

10-6
5-5
9-3

11-1

rate (t/ha)

4-31

13-8
15-7
15-3
12-8
10-6
9-2

4-3
8-2

10-4
5-7
9-8

12-6

5-74

13-7
14-8
15-6
12-5
12-6
11-5

4 0
8-2

10-7
6-2

110
12-9

718

—
—
—

13-8
13-9
12-7

—
—
+

12-3
14-6

8-61

—
—
—

13-8
141
13-7

—
—
—
+

11-4
140

S.E.

0-56
0-87
0-64
0-56
0-87
0-64

0-53
0-60
0 5 3
0 5 3
0-60
0-53

• Seed rate not used.
+ Treatments did not produce sufficient large seed to allow retention of necessary seed.

delay in harvest at all except the highest seed rate
where there was no change. In this experiment
small seed always produced more replantable
hectares (net of seed retained) at equal seed rates
than large seed. However, with lower yields in
Expts 3-5 effects were different (Table 8 and
Appendix Table 7). At early harvests the number
of replantable hectares produced by small seed
initially increased with seed rate and then de-
creased while at final harvest the number remained
constant at the higher seed rates. With large seed
the number of replantable hectares increased over
most of the range of seed rates at all harvests and at
equal seed rates large seed produced more replant-
able hectares than small seed. These results suggest
that when yields are low seed growers should retain
large seed while selling small seed. (In higher-
yielding years retention of over-size tubers would
allow the sale of more ware hectares from the
seed-size fractions.) Delaying harvest increased the
number of replantable hectares for all seed rates of
both seed weights.

In arriving at the total value of seed crops
account must also be taken of the over-size tubers
which may be produced. In Table 9 and Appendix
Table 8 the total sale value has been calculated by
adding the sales of over-size tubers (> 55 mm) at
£70/t to the replantable hectares (net of seed
retained) at £300/ha. In Expt 1 sale value increased
only with the first two increments in seed rate with
small seed and the first increment with large seed.
Delaying harvest increased sale value at a de-

creasing rate in all treatments and at equal seed
rates small seed produced higher value crops than
large seed. In Expt 3 sale values increased with
delay in harvest but were still lower at final harvest
than at the beginning of harvesting in Expt 1.
Effects of increasing seed rate were similar to
Expt 1 with small seed; however, in large seed sale
values increased over much of the range of seed
rates and at equal seed rates large seed produced
higher sale values than small seed.

In Maris Piper (Appendix Table 9) sale values
were much higher than in Record and delaying
harvesting increased sale values in all seed rates.
Initial increases in seed rate of both seed weights
increased sale values but further increases had
little effect. At equal seed rates large seed produced
higher sale values than small seed.

The adoption of valuing seed according to its
size has been resisted by many seed growers
because they believe their total returns will be
reduced. In Table 10 and Appendix Tables 9 and 10
the sale value of the crops based on selling seed at a
fixed price (£100) per tonne and over-size tubers at
£70/t are shown. A price of £100/t is equivalent to
£300/ha at the recommended seed rates of more
than 3 t/ha of most seed sizes for well grown crops
of Record destined for processing (Ministry of
Agriculture, Fisheries and Food, 1982). Where
seed-size tubers constituted the majority of the
yield, throughout all experiments in 1982, Expt 2
and the early harvests in Expt 1, selling at a fixed
price reduced the sale value of the crop compared
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Table 9. Effect of seed rate, seed weight and date of harvesting on sale value* (£) of crop net of
retained seed, Expts 1 and 3

Date of
harvesting

29. vii
12. viii
25. viii
29. vii
12. viii
25. viii

14. vii
28. vii
12. viii
14. vii
28. vii
12. viii

Seed
weight

(g)

35

105

35

105

• Seed
t Seed

108

t
t
t
t
t
t

883
1777
2575
—
—
—

1-44

3792
4097
4477
—
—
—

1138
1988
3065
—
—
—

1-91

3760
4404
4899
—
—
—

1400
2405
3242

943
2243
2880

Seed rate (t/ha)

2-87

Expt 1
4107
4985
5441
3350
4086
4449

Expt 3
1273
2646
3508
1643
2794
3597

valued at £300/replantable hectare
rate not used.

4-31

4240
5184
5444
4312
4841
5212

1290
2466
3170
1708
2952
3904

and yield

5-74

4145
4813
5208
3844
4627
5014

1200
2469
3268
1857
3318
3917

> 55 mm

7-18

—
—

4254
5078
4952

—
—

2176
3698
4512

at £70/t.

8-61

—
—

4261
5008
6172

—
—

2121
3432
4309

S.E.

149
192
259
149
192
259

159
178
153
159
178
153

Table 10. Effect of seed rate, seed weight and date of harvesting on sale value* (£) of crop
net of retained seed, Expts 1 and 3

Date of
harvesting

29. vii
12. viii
25. viii
29. vii
12. viii
25. viii

14. vii
28. vii
12. viii
14. vii
28. vii
12. viii

Seed
weight

(g)

35

105

35

105

• Seed
t Seed

108

t
t
t
T
t
t

586
1519
2470

—

20-55 mm

1-44

3654
4162
4580
—
—
—

774
1782
2929

—

—

valued
rate not used.

1 91

Seed rate (t/ha)

2-87

Expt 1

3610
4451
5107
—
—
—

3912
5204
5696
3141
4183
4577

Expt 3
986

2040
3075

566
1946
2816

994
2388
3558
1003
2291
3357

4-31

4102
5345
5817
4121
4945
5315

1170
2250
3253
1061
2261
3459

5-74

4088
5102
5524
3707
4667
5168

1256
2463
3399
1209
2592
3411

at £100/t and tubers > 55 mm at

7-18

—
—

4109
5157
5142

—
—
—

1361
2758
3954

£70/t.

8-61

—
—

4124
5170
5401

—
—
—

1383
2563
3816

119
181
251
119
181
251

89
143 ,
163

89
143
163

with selling at prices related to tuber size and
equivalent to a fixed cost per ware hectare planted.
This was most important in Maris Piper as a
consequence of its high yield of seed and fixed price
selling reduced the value of most crops in this
variety by at least 25%. Effects of seed rate, seed
weight and date of harvesting were not materially
altered by the change in valuation of the crop.

DISCUSSION
The results cover a wide range of total and seed

yields and allow current practices in seed pro-
duction to be evaluated. In Record, small seed
produced more stems, tubers, seed yield and gross
replantable hectares than large seed at equal seed
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Table 11. Areas of certified seed in United Kingdom
and of ware potatoes in Great Britain (Potato
Marketing Board, 1986)

Ratio ware:
Seed area Ware area previous

Year (ha) (ha) year's seed

1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980
1981
1982
1983
1984
1985

49851
41246
33189
34618
34473
31200
33635
31289
28495
25971
24177
23370
23847
29774
31448
32431
31347
28697
28742
27992
27765
26212

220234
221425
203873
213516
211747
185947
204997
194454
179967
170443
165216
156804
171098
169586
152487
156669
159653
149903
150458
154708
157235
152788

4-44
4-94
6-43
6-12
5-39
6-57
5-78
5-75
5-98
6-36
6-49
7-32
7-11
512
4'98
4-92
4-78
5-24
5-38
5-62
5-50

rates. Increasing seed rate had only small effects on
total yield in Expt 1 but increased total yields over
the whole range for both seed weights at all
harvests in Expt 3 when yields were lower than in
Expt 1. However, increasing seed rate with both
seed weights increased gross replantable hectares
at all harvests in both experiments. The advant-
ages of small seed were markedly reduced (Expt 1)
or reversed (Expt 3) once the retention of seed for
future planting was considered. The method of
calculation penalized the high seed rates severely
as growers would rarely plant at these rates and
net replantable hectares increased over part of the
range of seed rates at all harvests in Expt 3 and
only increased over the whole range when total
yields reached more than 50 t/ha at the third
harvest in Expt 1. The results for Expt 3 showed
that where total yields are low and almost all tubers
are within the seed fraction, seed growers should
retain the larger tubers for their own replanting and
sell the more valuable small seed to ware producers.
Individual seed growers may view the retention of
seed for replanting in different ways; clearly
retaining large tubers rather than seed-size tubers
would reduce the cost to the seed grower.

The net multiplication rates in Record exceeded
ten throughout harvesting in Expt 1 and at final
harvest in Expt 3 and reached values twice as great
in Maris Piper as a consequence of the high yield of

largely seed-size tubers in this variety. These
figures would suggest that the current seed area is
grossly excessive in relation to the total potato
area. In Scotland alone in 1983 20330 ha were
certified for seed when the total potato area in
Great Britain was 182700 ha (Potato Marketing
Board, 1986). This suggests a gross multiplication
rate of approximately nine. Of course, some of the
seed produced in Scotland is exported from U.K.
but 7661 ha of seed were certified in the rest of the
U.K., seed is imported from Holland and Eire and
some seed was produced on ware farms for their
own consumption. Thus the real multiplication rate
is much lower and Table 11 shows the relationship
between the ware area in Great Britain and the
previous year's seed area for U.K. from 1964 to
1985. Despite a large decrease in overall area
devoted to potatoes and an increase in yield, the
ratio of ware to seed has not changed materially
and has not exceeded 8 in any period, a result which
suggests no improvement in real yield of seed per
hectare over this period. Overall, it seems an
inescapable conclusion that the area devoted to
seed production is far too great. As Maris Piper is
the most heavily planted variety the results show
that a large reduction in the seed area would be
immediately possible.

Recent evidence (Allen, 1978 and unpublished
data) has shown the importance of using seed
according to size and the suitability of smaller seed
for ware production. As a result the demand for the
type of seed production envisaged in this analysis
has been created. In meeting this demand the seed
producer should see the advantages to him in such a
system. In these experiments selling seed at a fixed
price per tonne reduced the value of the crop
especially where seed yields were high and the
major part of the total yield. In Maris Piper and
others which set many tubers, most seed crops are
likely to have a large yield of seed and their value
will be maximized only by selling the crop accord-
ing to its constituent sizes. Only where there were
many over-size tubers were there no differences be-
tween pricing methods in selling the crop. The view
that over-size tubers are essential to the profitability
of the crop is also erroneous. Returns, however
calculated, were lower from seed rates producing
the highest yields of over-size tubers than from
higher seed rates which in most cases could be
defoliated earlier. It was found that the continuing
growth (and hence increasing total yield) increased
the value of all crops. However, the results also
show that the rate of increase decreased with time
and crops reach 85-90% of their maximum value
before any over-size tubers are present. The basis
for a premium price for seed is primarily the cost
of producing seed of specific size and certified
health and a restricted growing season should be
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an essential consequence of demanding a premium.
Therefore, defoliation when there are few over-size
tubers is the most desirable time if the seed
producer is to retain the confidence of the ware
purchaser in producing a quality crop. The value
of the crop at defoliation will be influenced by the
grower's choice of seed weight and seed rate and
his control of other factors which influence seed
yield. In this respect the use of little or no physio-
logical ageing will increase the seed yield of many
varieties especially earlies (O'Brien et al. 1986).
This analysis would suggest that relatively short
growing seasons can achieve both high returns to
the seed growers and the production of seed which
ware growers wish to buy. The reduction of the
growing season in many crops would be effective in
reducing disease infection.

The conclusions drawn from these experiments
may be strengthened by a number of likely changes
in ware production. First, there is evidence that
seed of smaller than 20 mm is capable of producing
full yields (unpublished). As a consequence of the
adoption of such seed the value of seed crops early
in their growth will be greatly enhanced. A similar
pattern of effects of seed rate and date of harvesting
may be anticipated but beginning earlier so that
defoliation close to maximum value would be
possible before any over-size tubers were present.
In the present analysis the ware seed rate used for
the smallest seed was relatively high and thus the
values of crops at early harvests are likely to be
underestimates. The commercial development of
small seed is dependent on viable systems of pro-
duction, harvesting and utilization but the attrac-
tion of very low seed rates (0-2-O5 t/ha) is likely
to stimulate this approach. Secondly, in many un-
published recent experiments in East Anglia very
small responses to increasing seed rate have been
found in many varieties which result in optimum
seed rates (for all seed sizes) which are lower than
currently recommended. Further, the increasing

importance of large tubers in determining profit-
ability of a ware crop (Burstall, Thomas & Allen,
1986) will result in growers seeking to assess more
critically and control more accurately their seed
rates. It is, therefore, probable that seed rates will
decrease and the advantages of closely graded,
smaller seed in achieving even flow through planters
will be important. Thus, as increasing yields are
also likely to lead to a reduction in area of ware
potatoes it is inevitable that less seed will be
required and a relatively small area would provide
sufficient certified seed if the seed were graded and
sold as envisaged here.

The development of these opportunities is likely
to be most effective where there is direct contact
between seed producer and ware buyer. If the
latter purchased whole crops this would avoid one
of the risks associated with small seed at present.
Small seed is frequently present in only small
quantities in certified crops and saleable quantities
may be achieved only by bulking together several
crops. This practice may involve differences in
health status of seed and ware growers are likely to
suspect this practice as any virus infected plants
will produce small-size tubers and their importance
will be enhanced by bulking produce. It might be
preferable for each ware grower to deal directly
with one seed grower so that he could regularly
purchase the right quantity of seed, graded ac-
cording to his specifications.

The authors thank Greens of Soham and Smiths
Food Group, now Nabisco Brands (Smiths Division)
for their support of the 1981 and 1982 experiments
respectively. In both years the experiments were
organized through J. E. England's (later Strath-
more Farmers) and the authors thank Mr Ronald
England, Mr John Forrest and the collaborating
farmers for their considerable assistance. Finally,
the cooperation of the Department of Agriculture
for Scotland is gratefully acknowledged.
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Appendix Table 1. Effect of seed weight and seed rate on number of above-ground stems
and number of tubers, first harvest Expts 2, 4 and 5

Expt 2,

Expt 4,

Expt 5,

Expt 2,

Expt 4,

Expt 5,

Maris Piper

Record

Record

Maris Piper

Record

Record

Seed
weight
(g)

No.
35

105

35
105

35
105

35

105

35
105

35
105

1-15 1-53

of above-ground

*
*

90

88

No.
*
*
419

389

173

132

113

of tubers

832 1

—

543

485

204

Seed rate (t/ha)

306 4-59

stems ('000s/ha)

197

180
141

198
114

290
208

239
149

243
154

('OOOs/ha)
006

—

643
526

665
504

1136

977
762
638

758
570

444
294

328
194

320
220

1328

1190

884
751

911
758

612

599
373

435
278

453
283

1252

1202

1017
902

1192
908

7-66

463

413

361

—

1288

1001

1022

919

565

424

430

—

1405

1053

1153

S.E.

14-6

19-5

13-4

810

37-8

630

* Seed rate not used.
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Appendix Table 2. Effect of seed rate, seed weight, and date of harvesting on tuber yields (t/ha),
(a) total, (b) 20-32 mm, (c) 32-40 mm, (d) 40-55 mm, Expt 2

Date of
harvesting

14. viii

28. vii

11. viii

Seed
weight

(g)

(o)
35

105

(b)
35

105

(c)
35

105

(d)
35

105

(a)
35

105

(6)
35

105

(c)
35

105

(<*)
35

105

(a)
35

105

(6)
35

105

(c)
35

105

(d)
35

105

1-53

33-5
—

1-5
—

10-5
—

20-7
—

48-3
—

1-0
—

5-4
—

33-6
—

51-8
—

1 0
—

6-7
—

31-5

2-04

32-3
—

3 4
—

13-7
—

14-8
—

44-4
—

1-9
—

9-8
—

30-8
—

56-5
—

1-5
—

10-8
—

39-2

Seed

3-06

34-4
33-6

3-9
3-4

15-9
16-5

13-7
13-3

535
431

2 0
2-4

11-5
10-8

320
280

57-1
490

2-5
1-6

12-4
100

34-3
32-5

rate (t/ha)

4 5 9

38-3
36-8

4-3
3-7

18-4
18-3

14-7
14-3

52-9
591

2-7
2 0

15-7
11-9

31-4
41-6

620
64-2

2-6
2-5

13-9
11-7

40-5
43-4

6 1 2

38-3
33-8

4-5
5-8

18-1
18-5

150
9 0

55-9
5 0 0

3-5
3-3

13-3
16-4

34-8
26-3

62-2
57-7

3-7
3-2

15-4
150

35-6
30-4

7-66 919 S.E.

— — 2-79
34-9 39-7

— — 0-72
5-9 5-9

— — 1-99
180 210

— — 3-26
10-5 121

— — 4-37
56-6 551

— — 0-33
3-3 3-7

— — 1-80
15-2 17-3

— — 400
33-2 31-5

— — 4-99
64-9 601

— — 0-47
3-8 3-8

— — 218
19-5 191

— — 5-55
38-5 351
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Appendix Table 3. Effect of seed rate, seed weight and date of harvesting on tuber yields (t/ha),
(a) total, (6) 20-32 mm, (c) 32-40 mm, (d) 40-55 mm, Expt 4

Date of
harvesting

15. vii

29. vii

10. viii

Seed
weight

(g)

35
105

(6)
35

105

(o)
35

105

(<*)
35

105
(a)
35

105

(b)
36

105

(c)
35

105
(d)
35

105

(a)
35

105

(b)
35

105

(c)
35

105

(d)
35

105

1-15

8-7

4 0

3-2

1-0

20-2

1-2

5-5

13-2

330

1-0

5-5

230

1-53

9-6

5-4

2-8

0-8

22-7

3-0

8-8

10-8

34-2

1-7

4-8

260

2 0 4

10-7
9-5

6-8
5-5

2-9
30

0-3
0-5

22-0
23-6

2-5
1-4

10-3
8-9

91
13-3

360
31-0

1-5
1-1

8-7
5-1

23-9
19-8

Seed rate

306

11-5
10-2

7-6
5-2

2-9
3-6

0-1
0-6

25-9
28-6

51
2-2

140
121

6-3
14-2

35-7
41-6

3-5
2-4

9-9
8-3

21-4
28-4

(t/ha)

4-59

110
11-2

8-1
7-5

1-6
2-8

0-1
0

261
25-9

6-2
4-5

131
141

6-2
7-0

35-4
351

6-0
2-8

14-0
9-7

15-6
20-5

612

11-6
11-7

C
O

 
C

O

C
O

 
C

O

1-5
1-7

0
0

24-9
28-7

6-5
40

13-2
14-8

4-5
9-5

350
38-9

5-8
40

14-2
13-4

13-9
20-6

7-66 919 S.E.

— — 0-65
130 12-2

— — 0-49
9-7 8-7

— — 0-54
21 1-6

0 01

— — 2-00
26-4 26-9

— — 0-36
6-8 6-8

— — 1-32
13-2 13-7

— — 1-82
6-9 5-8

2*37
33-7 36-6

— — 0-30
61 5-3

— — 0-98
137 130

— — 1-88
141 17-7
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Appendix Table 4. Effect of seed rate, seed weight and date of harvesting on tuber yields (t/ha),
(a) total, (6) 20-32 mm, (c) 32-40 mm, (d) 40-55 mm, Expt 5

Seed
weight
(g)

35
105

(6)
35
105

(e)
35
105

(«*)
35
105

35
105

(b)
35
105

(c)
35
105

(d)
35
105

(a)
35
105

(6)
35
105

(c)
35
105

(d)
35
105

1-15

11-6

2-9

3-9

4-5

23-3

1-4

5-7

160

30-7

10

4-9

21-2

1-53

130

40

5-7

30

24-8

1-6

8-2

14-6

32-9

0-9

5-7

23-9

204

15-0
14-7

5-6

31

61

7-3

2-8
40

26-3
24-6

2-3

1-7

11-0
7-7

12-8
141

31-2
31-7

1-9
1-7

8-1

4-9

19-9

21-9

Seed rate (t/ha)

306

15-6

11-0

7-0
40

6-4
4-8

1-8
1-5

27-5
25-7

4-8
2-8

12-2
9-8

10-1
12-9

310
30-5

3-8
1-7

11-4

6-9

15-6

20-6

4-59

17-6
16-8

7-6
6-5

6-5
6-9

2-7
3-6

29-9
330

4-9
40

15-3
15-7

9-2

12-9

34-4
36-1

50
31

14-2
13-5

14-5

18-5

612

19-7

17-5

100
7-1

7-4
6-4

1-3
3-2

31-4

29-6

7-4

50

16-5
150

C
O

 
C

O

to
 ob

36-7
35-1

6-6
3-3

14-2

14-0

15-2
17-1

Date of
harvesting (g) 1-15 1-53 204 306 4-59 612 7-66 919 s.E.

14. vii
— — 0-97

180 19-4

— — 1-73
8-6 10-0

— — 0-71
6-5 6 1

— — 0-56
1-9 2-2

28. vii
— — 1-21

33-8 33-8

— — 0-43
6-3 7-4

— — 0-94
17-2 15-8

— — 1-18
9-6 9-8

11. viii
— — 1-72

381 38-7

— — 0-34
4-8 5-5

— — 1-14
13-5 15-8

— — 1-77
18-4 16-5
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Appendix Table 5. Effect of seed rate, seed weight and date of harvesting on gross number of replantable
hectares and number of replantable hectares net of seed retained for replanting at same seed rate in Maris Piper,
Expt 2

Seed Seed rate (t/ha)
Date of weight

harvesting (g)

28. vii
11. viii
14. vii
28. vii
11. viii

14. vii
28. vii
11. viii
14. vii
28. vii
11. viii

35

105

35

105

1-53

160
18-0
17-8
—
—
—

2-04 306 4-59

Gross number of replantable

17-3
20-3
23-8
—
—
—

ber of replantable
14-5
16-5
16-3

—

15-3
18-3
21-8

—

18-5
21-6
23-6
18-1
20-1
20-7

20-7
24-5
27-1
19-9
26-0
26-9

hectares net of seed
15-4
18-5
20-5
1 6 0
18-9
19-5

161
19-9
22-5
18-1
24-2
25-1

612

hectares

21-0
25'4
27-1
19-9
23-4
24-2

retained for
14-9
19-3
21-0
17-5
2 1 0
21-8

7-66

—
—
—

20-3
25-6
30-7

replanting

—
—

17-3
22-6
27-7

919

—
—

22-7
26-5
29-9

—
—

1 9 1
22-9
25-4

S.E.

1-20
1-26
1-75
1-20
1-26
1-75

1-20
1-26
1-75
1-20
1-26
1-75

Appendix Table 6. Effect of seed rate, seed weight and date of harvesting on number of
replantable hectares, Expts 4 and 5

Date of
harvesting

15. vii
29. vii
10. viii
15. vii
29. vii
10. viii

14. vii
28. vii
11. viii
14. vii
28. vii
11. viii

Seed
weight

(g)

35

105

35

105

115

5-3
8-4

11-3
—
—
—

5-9
9-6

10-3
—
—

1-53

6-1
10-6
12-5
—
.—.
—

7-1
10-4
11-7
—
—

2 0 4

7-2
10-3
13-9
6-2

10-2
101

8-6
11-9
12-5
7-5

10-0
111

Seed rate

306

Expt 4
7-7

13-4
15-2
6-3

12-7
15-7

Expt 5

9-6
13-5
14-2
6-2

11-8
11-9

(t/ha)

4-59

7-5
13-8
16-4
7-6

131
141

103
14-7
16-2
9-2

15-6
15-7

612

7-9
13-5
16-7
8-2

13-9
171

12-2
16-6
17-7
101
14-6
15-6

7-66

—
—
—
9 1

13-7
15-9

—
—

11-0
17-0
16-9

9 1 9

—
—
8 0

14-4
17-0

—
—

12-1
17-3
18-1

S.E.

0-39
0-84
0'85
0-39
0-84
0-85

0-58
0-58
0-58
0-58
0-58
0-58
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Appendix Table 7. Effect of seed rate, seed weight and date of harvesting on number of
replantable hectares (net of seed retained for replanting), Expts 4 and 5

Date of
harvesting

15. vii
29. vii
10. viii
15. vii
29. vii
10. viii

14. vii
28. vii
11. viii
14. vii
28. vii
11. viii

Seed
weight

(g)

35

105

35

105

115

4 1
7-2

101
—

—

4-8
8-5
91
—
—
—

1-53

4-6
9 1

10-9

—

5-6
8-9

10-1
—
—
—

2 0 4

5 1
8-3

11-8
5-5
9-5
9-4

6-6
9-8

10-5
6-8
9-3

10-4

Seed rate

306

Expt 4
4-7

10-3
121
5 1

11-5
14-5

Expt 5
6-5

10-5
111
5-0

10-6
10-7

(t/ha)

4-59

2-9
9-2

11-8
5-8

11-3
12-3

5-8
101
11-6
7-4

13-8
13-9

6 1 2

1-8
7-4

10-6
6-8

11-5
14-7

6 0
10-4
11-6
7-7

12-2
13-2

7-66

—
—
6 1

10-7
12-9

—
—
8-0

14-4
13-9

919

—
—
4-4

10-8
13-3

—
—
8-5

13-7
14-5

S.B.

0-40
0-85
0-86
0-40
0-85
0-86

0-59
0-58
0-58
0-59
0-58
0-58

Appendix Table 8. Effect of seed rate, seed weight and date of harvesting on sale value*
(£) of crop net of retained seed, Expts 4 and 5

Date of
harvesting

15. vii
29. vii
10. viii
15. vii
29. vii
10. viii

14. vii
28. vii
11. viii
14. vii
28. vii
11. viii

Seed
weight

(g)

35

105

35

105

115

1233
2166
3270

—

1434
2549
2980

—

1-53

1375
2717
3397

—
—

1681
2678
3199

—

2 0 4

Seed rate

306

Expt 4
1536
2488
3665
1653
2845
3142

1399
3089
3667
1536
3460
4508

ExptS
1975
2950
3211
2044
2862
3336

1948
3134
3339
1504
3171
3266

(t/ha)

4-69

879
2752
3566
1736
3389
3817

1726
3039
3503
2221
4138
4232

6-12

531
2213
3203
1738
3446
4434

1812
3132
3472
2319
3699
3967

7-66

—
—

1814
3217
3873

—
—
—

2395
4205
4229

919

—
—
—

1331
3241
4010

—
—
—

2539
4106
4358

S.E.

118
253
270
118
253
270

176
172
181
176
172
181

Seed valued at £300/replantable hectare and yield > 55 mm at £70/t.
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Appendix Table 9. Effect of seed rate, seed weight and date of harvesting on sale value
(£) of crop net of seed retained, Maria Piper, Expt 2

Seed Seed rate (t/ha)
Date of weight

harvesting (g) 1-53 2-04 306 4-59 612 7-66 919 S.E.

Seed valued at £300/replantable hectare and yield > 55 mm at £70/t
14. vii 35 4376 4580 4636 4858 4467 — — 363
28. vii 6510 6595 6103 6173 6075 — — 426
11. viu 5746 6890 6689 7096 6798 — — 527
14. vii 105 — — 5079 5441 6244 6190 5735 363
28. vii — — 5782 7482 6564 7107 7030 426
11. viu — — 6169 7987 7167 8506 7741 527

Seed valued at £100/t and yield > 55 mm at £70/t
14. vii 35 3286 3190 3372 3765 3777 — — 275
28. vii 4568 4372 5096 5180 5450 — — 388
11. viu 4794 5491 5450 6032 5971 — — 474
14. vii 105 — — 3316 3632 3329 3437 3914 275
28. vii — — 4243 5790 4860 5494 5405 388
11. va — — 4740 6208 5481 6366 5921 474

Appendix Table 10. Effect of seed rate, seed weight and date of harvesting on sale value*
(£) of crop net of retained seed, Expts 4 and 5

Seed Seed rate (t/ha)
Date of weight

harvesting (g) 1-15 1-63 204 306 4.69 6-12 7-66 919 S.B.

Expt 4
15. vii 35 821 895 997 1053 972 1009 — — 67
29. vii 2002 2255 2184 2553 2549 2431 — — 199
10. vui 3187 3353 3535 3519 3483 3422 — — 226
15. vii 105 — — 899 943 1026 1056 1172 1032 676
29. vii — — 2354 2843 2553 2832 2594 2632 199
10. viii — — 2943 4067 3424 3831 3307 3600 226

821
2002
3187
—
—
—

1138
2320
2955
—
—

895
2255
3353
—
—
—

1268
2453
3211
—
—

997
2184
3535
899

2354
2943

1053
2553
3519
943

2843
4067

Expt 5

1453
2612
3067
1440
2416
3060

1517
2708
3070
1035
2553
2991

972
2549
3483
1026
2553
3424

1669
2940
3388
1601
3262
3556

1009
2431
3422
1056
2832
3831

1847
3071
3598
1670
2915
3465

—
—
—
1172
2594
3307

—
—
1703
3311
3718

—
—
—
1032
2632
3600

—
—
1828
3302
3800

14. vii 35 1138 1268 1453 1517 1669 1847 — — 93
28. vii 2320 2453 2612 2708 2940 3071 — — 119
11.vui 2955 3211 3067 3070 3388 3598 — — 162
14. vii 105 — — 1440 1035 1601 1670 1703 1828 93
28. vii — — 2416 2553 3262 2915 3311 3302 119
11. viii — — 3060 2991 3556 3465 3718 3800 162

• Seed value at £100/t and yield > 55 m m at £70/t.
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