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Effeets of sowing date, plant population and planting mcthod on the accumu-
lation of leafl area index and dry matter yiclds in sugar beetl (Beta vufganis L., cv.
Amazon) were investigated during 1982/83 scason at Lincoln College, New
Zealand. Both the mid-August sowing and the transplanted bect had higher leal
area index than that of the mid-Scptember sowing and the secd-sown beet, respec-
tively, only until January harvest. A population of 10 plants m*2 had a significantly

- higher leaf area index than a population of 6 plants m 2 throughout the growing sca-

s01,

Total dry matter or rool dry matter yiclds of the mid-August sowing or Lthe
transplanted beet were significantly greater thar those for the mid-September sow-
ing or the sced-sown beet, respectively, A population of 108 plants m™ produced
higher dry matter yields than a population of 6 plants m*2, Final root DM yield was

19.3% greater at the higher density.
INTRODUCTION

Empirical research indicates that sugar
beet responds positively to the extension of
the growing scason, and this usually leads to
the increascd yicld (Martin, 1983). However,
even eatly-sown crops fail to intercept about
40% of the radiation incident over the whole
scason (Scotl et af., 1973). This coupled with
the inability of the seed to germinate at low
temperatures, tends to limit what can prob-
ably be achieved by still carlicr sowings.
Transplanted breed may be cstablished car-
lier to extend the prowing season. Becausc
of the limited rescarch information avail-
able, it was desirable to investigale how
early transplanted beet can be established
for suceessful yields.

Plant population influences plant sizc,
Tool weight and sugar content (Hussain,
1990). Experiments on the cffeet of plant
population on sugar bect production indi-
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cated that, in dilferent environments, popu-
lations between 75,000 to 100,000 plants ha
gave optimum yields (Hull and Jaggard,
1971). In the United Kingdom, Wickens
(1982) studied a range of populations
(45,000-70,000 plants ha!) in both sced-
sown and transplanted beet and reported
little differences in yield between the plant
populations, irrespective of the planting
mcthod. In New Zealand, no research work
has been reported on the growth and dry
matter vields of the transplanted beet.
Therefore, the objective of this study was Lo
cxamine the effects of sowing date, plant
population and planting method on the leaf
growth and dry maticr yields in sugar beet.

MATERIALS AND METHODS

The experiment was conducted in the
1982-83 season at the Lincoln College
Research Area, New Zealand. The fertilisers



(100, 24 and 68 kg ha'! of NPK} were broad-
casted as a mixture before final cultivation,

The treatments were two sowing dates
(mid-August, mid-September), two plant
popuiations {6 plants and 10 plants m-2) and
3 planting methods (seed-sown, 2-Icaf and 4-
leaf transplants). The crops were sown or
planted in a square grid. The plot size was
6.4m x 8.0 m at 6 plants m~ and 7.0 m x 8.2
m at 10 plants m*%; each plot had 17 and 20
rows in the two populations, respectively. A
randomised complete block design with four
replications was established. Full details of
the crop husbandry operations were given by
Hussain (1990),
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A total of five harvests were made at
about 4 weeks intervals, On each occasion, a
randomly sclected arca of 1 m? was har-
vested from cach plot. The beet was divided
into leaves (blades + petioles) and the total
root. The roots were washed, dried with a
cloth, and the fresh weight of roots and tops
were recorded separately. A subsample of
500 g grecn and 200 g dead leaves was oven-
dried to constant weight at 70-80° C.

Roots of each sample were cut longitu-
dinally into two halves. A subsample of 500 g
from one half of the root was fincly grated
and dried at70-80° Clo constant weight. A
subsample of 500 g of green foliage was

Table 1. Effect of sowing date, plant population and planting method on LAI of sugar beet

Harvest date

Treatment - ----

Jan., 10 Feb., 10 March, 15 April, 14 May, 16
Sowing date
Mid-August (S1) 4.2 4.1 4.7 245 30
Md-September (52} 31 3.9 4.8 2.8%8 3.0
LSD (5%) 0.52 0.60 0.57 0.55 0.46
Plant population
6 plants m2 (P1) 30 3.6 4.1 2.39 28
10 plants m*2 (P2) 43 ' 44 5.4 2.94 3.2
LSD (5%) 0.52 0.60 0.57 0.55 0.46
Planting method
Seed-sown {Tt) 33 4.1 4.6 27 32
2-leaf (T2) 306 4.2 45 28 29
4-leaf (T3) 4.2 37 52 2.5 29
LSD (5%:) 0.63 0.72 0.69 0.66 0.57
Significant effects:
T1lvs (T2 + T3) % N§ NS§ NS NS
T2vs T3 NS NS NS NS NS
Mcan 33 4.0 48 2.7 30

Ir

Significant at P = 0.05
Non-significant

i

NS
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taken and ical area was measured on an
area meter {Licor, model 3100).

All statistical analyses were performed
using single degree of [recedom contrasts
(Little and Hills, 1978). The Genstat
Statistical Package was used to analyse the
data. Comparisons have been used to sepa-
ratc means between sowing dates, plant
population and planting methods.
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significant differences were found in LAI
between the sowing dales, except that at the
first harvest the mid August (S1) sowing had
greater LAT than the mid Scptember ($2)
sowing. Stmilarly, the transplantcd beet had
greater LAT than that of the seed-sown beet
at the Janwary harvest, although thereafter
differences were non-significant, Both the St
sowing and the transplanted becet, carly in
the scason, had more leaves plant? than the

Table 2. Elfect of sowing date, plant population and planting methed on total dry matter

(gm'z) production of sugar beet

Harvest date

Treatment
Jan,, 10 Feb,, 10 March, 15 April, 14 May, 16
Sowing date
Mid-August 81 1372 1793 2036 2107 2355
Md-September (82) 890 1628 1796 1911 2097
LSD (5%) 113 108 166 197 162
Plant population
6 plants m™ (P1) 1022 1513 1636 1775 2008
10 plants m*2 (P2) 1240 1907 2197 2243 2444
LSD (5%) 113 108 166 197 162
Planting method
Seed-sown (T1) 201 1591 1738 1837 2042
2-leaf (T2) 1106 1681 1796 2043 2149
4-leaf (T3) 1386 1859 2215 - 2148 2487
LSD (5%} 138 133 203 241 149
Significant eifects;
Tl Vs (T2 + T3) LL) ¥k LR H* * ¥
TZ Vs T3 * & * % LR ] NS *¥
1131 1710 1916 2009 2226

Mecan

*

fl

Significant at P = 0.05
Significant at P = 0.01
Non-signiflicant

¥

NS

[}

]

RESULTS AND DISCUSSION

Leaf Area Index (LAI): The LAI increased
steadily to maximum value of 4.8 until the
March harvest, and then declincd sharply,
irrespective of the treatment (Table 1). Non-
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82 sowing and the secd-sown beet, respec-
tively. This enabled the plants in the 51
sowing and the transplanted bect, especially
at the 4-lcaf stage, to develop the leal
canopy rapidly, The results are consistent
with the earlier lindings (Scott and Bremner,



1966; Scott er al, 1973). There was no con-
firmation of the previous findings (Watson
and Baptistc, 1938) that the leal arca of a
late sown crop reached a maximum than in
an earlicr sown one (Table 1),
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Dry matter production: In the present study,
the comparatively superior performance of
thesST sowing and the transplanted beet in
TDM (Table 2) or root DM (Table 4) yiclds
may be associated with higher LAI early in

Table 3. Effect of sowing date, plant papulation and ptanting method on leaf dry matter

(g m" %) production of sugar beet

Harvest date

Treatment g

Jan,, 10 Feb,, 10 March, 15 April, 14  May, 16
Sowing date
Mid-August (S1) 757 753 605 496 483
Md-September (82) 495 707 607 572 480
LSD (5%) 65 80 78 104 51
Plant population
6 plants m™ (P1) 542 621 524 478 450}
10 plants m2 (P2) 709 835 688 590 514
LSD (53%) 65 80 78 104 51
Planting method
Seed-sown (T1) 544 710 582 513 490
2-leaf (T2) 397 742 570 568 482
4-]Jcaf (T3) 737 732 666 520 474
LSD (5%) 80 98 9 127 62
Significant effects;
T1vs (T2 + T3) i NS NS NS NS
T2vs T3 hi NS ¥ NS NS
Mcan 626 728 606 534 482

* = Significant a1 P = 0.05
** = Sigaificant at P = (.01
NS = Non-significant

The population of 10 plants m™2 had
significamly greater LAI than a population
of 6 planis m~?, throughout the scason. The
P2 had more leaves per unit area than those
for the P1 population leading to a higher
LAl in the former than in the latter. Stevens
(1985} reported significant incrcases in lcal
- production per uni( arca, with incrcasing
plant population in New Zcaland,

the growing scason. Both the S1 sowing and
the transplantcd beet had more leaves plant
! (han the $2 sowing and the sced-sown
beel, respectively. This enabled the plants in
the 81 sowing and the transplanted beet to
develop the leaf canopy rapidly and to inter-
cept more of the available radiation.
Similarly the plants established at the 4-feaf
slage were superior for both the TDM
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{Table 2) and the root DM (Table 4) than
those established at the 2-lcaf stage. These
advantages were probably the direct result
of higher LAl early in the season, These re-
sults are in line with the earlier findings
{(Dillon et ai, 1971; Martin, 1983).
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ports that agronomic techniques should be
developed to extend the growing season still
carlier into the spring, to utilise the high
early scason radiation (Follct et al,, 1970).
This study showed that greater sugar
beet yiclds (root DM) can be achieved by

Table 4, Effect of sowing date, plant population and planting method on root dry matter (g

m2) production of sugar beet

Harvest date

Treatment o --
Jan, 10 Feb,, 10 March, 15  Aprl, 14  May, 16
Sowing date
Mid-August (81) 615 1040 1431 1611 1872
Md-September (82) 395 925 1189 1340 1617
LSD (5%) 65 %0 141 139 135
Plant population
6 plants m*2 (P1) 480 893 1112 1298 1558
10 plants m™ (P2) 530 1072 1508 1653 1931
LSD (5%) 65 90 141 139 135
Planting method
Seed-sown (T1) 357 881 1156 1324 1552
2-leaf (T2) 509 939 1227 1474 1667
4-leaf {T3) 649 1127 1547 1627 2013
LSD (5%) 80 110 i73 10 165
Significant effects:
TI Vs (T‘Z + "1"3) L3 ] ah EE ] *h ¥
T2 vs ’I‘3 *¥ & ¥ ¥ . NS * ¥
Mean 505 1475 1744

082 1310

*

NS

Ll

Significant at P = 0.01
Non-significant

Both the TDM (Table 2) and the root
DM (Table 4) increased at approximately
the same rate at different harvests. It implies
“that the carly-sown crops (S1 sowing) did
not stop growing before the late-sown one
(52 sowing), and increased its yield from
January until the May harvest at least as
much, if not more, than the later sowing.
The basis {or a higher crop yield might have
been created carly in the season. This sup-

transplanting, especially at the 4-leaf stage,
which is not possible even with normally
seed-sown crop carlier in the season. This
may suggest that transplanicd beet offlers an
alternative cultural practice that can accu-
mulate greater thermal time thaa the nor-
mal seed-sown crop. Thus enhancing carly
scason leafl growth and development (o in-
tercepl more radiation in temperale cli-
mates.
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The consistent decline in leal DM from

mid February (Table 3) for all the treat-
ments may indicate an increase in leal
weight to lcafl arca ratio or thickening of
lcaves (Campbell and Viets, 1967; Storer, et
at, 1970}. Such physiological changes within
the sugar beet plant are assumed to be asso-
ciated with the maturing of the crop as the
season progresses. In contrast, the root DM
showed a general increase throughout the
season irrespective of the treatments (Table
4). At the lime of the final harvest, the root
weight was still increasing and may have in-
creased further if the harvest date had been
delayed.
" Both the TDM and its components
(leal and root DM) were markedly influ-
cnced by the plant population (Tables 2, 3,
4) at all harvest dates. By the final harvest,
the P2 population had a 17.8% higher TDM
and a 193% higher root DM than that for
the P1 population. This may due to a higher
leal arca (Table 1) and greater radiation
interception achieved by the P2 population
compared with the P1 population early in
the scason.

Although the P2 population had a
greater LAL than the P1 population at all the
harvest dates (Table 1) indicating the light
intcreeption to be similar during the same
period. This suggests that further increascs
in LAl may cause little change, or mare
rarcly, a decrease in crop growth rate,
Presumably yield of sugar beet fails to in-
creasc when LAI exceeds 3-4 because this is
close to optimum for crop growth rate
(Goodman, 1968). For maximum DM pro-
duction, it is important that this should oe-
cur carly in the season when there is most
radiation d'! (Watson, 1971). Leaf area will
not contribute equally to yield during all
puarts of the growth period becausc of
environmental effects on (he production and
use of photosynthates. Also, the ontogenetic
development  of the plant may cause
photosynthates supply to be especially

critical for the growth of the storage root at:

certain times,
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The root DM yield achieved from the
transplanted bect was 1840 g m2, while a
maximum yield of 2013 g m*? was produced
by the 4-lcaf transplants (Table 4). Thesc
yiclds are substantially higher than those ob-
served in other experiments carried out in
New Zealand (Amin, 1982; Martin and
Drewilt, 1984), despite the fact that the lat-
ter werc harvested after mid Junc. The re-
sults of this study emphasize the benelits of
transplanting bect to lengthen the growing
scason for sugar beet in New Zealand.
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