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Abstract: This experiment was conducted to test a range of sowing dates, between 01.03.99 and 07.06.99 and in this way
covering a wide range of environmental situations. Seed yield, yield component and different development periods of peas were
measured. It was found that seed yield generally decreased in delayed sowing. Decrease of yield in delayed sowing was due
to decreases in all yield components. The effects were significant for number of seeds per m?, number of seeds per plant and
number of seeds per pod but not for number of pods per m? and per plant.
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Introduction

The farmers of third world countries usually do not grow
particular crops for seed purposes only, so they do not apply
physiological and agronomic crop husbandry techniques which are
necessary for a seed crop rather than a commercial crop for grain.
These include use of appropriate sowing and harvest time, sowing
density, fertilizer requirements, irrigation, seed processing and
drying at appropriate temperature, seed cleaning and storing in
good storage environments. Adjustment of sowing date plays an
important role in increasing the seed yield. Pea is a large seeded
grain legume with high protein content. The majority of pea crops
in Europe and North America are spring sown. Most sowing date
field trials have, therefore, concentrated on spring sowings and
excluded autumn sowings (Boswell, 1926; Milbourn and Hardwich,
1968; Vulstekeg, 1974). In principle, delay in sowing beyond and
optimum date results in a progressive reduction in the potential
yield of the crop {Green et al., 1985; Heenan, 1994; Sangar and
Singh, 1994; Varshney, 1995). Peas require a cool, moist climate.
The pea seeds germinate and grow vigorously at lower
temperatures than do many other pulses. High temperatures
induce flowering before the plants have grown sufficiently to bear
a good crop. In regions with mild winters and winter rainfall peas
are sown in winter; in the summer rainfall, regions with cold
wvinter, they are sown in the spring (Arnon, 1972). Bosvvell (1929}
reported that as temperature during the growing season rose, the
pod yield dropped off rapidly.

Early sowing makes a significant contribution towvards yield,
indeed for each week's delay in sowing after the first week of
March, the vyield of combining peas falls by 125 kg ha™'
{Anonymous, 1982). Seed vyield is affected very much by
environmental factors prevailing at the time of seed development.
Even at the same location seed vield of early, mid or late maturing
pea crops is different because of varying environmental conditions
at the time of pod maturity {Makasheva, 1973).

Therefore, this experiment was conducted to identify the effects
of sowing dates on development pericds, plant growth, seed yield
and yield components of peas.

Materials and Methods

This experiment was conducted at the Henfaes Research Centre
of the University of Wales, Bangor, United Kingdom during 1999.
Important meteorclogical parameters i.e. mean weekly maximum
and minimum temperature, sunshine, total number of rainy days
and rainfall experienced by the seed crop during the growing
season wvere recorded in a standard agrometerological station,
located less than 1 km from the experimental site. Following eight
sowing (S) dates were tested:

S1= 01.03.98; 52= 15.03.99;
S3= 29.03.99; S54= 12.04.99;
S6= 26.04.99; 56=10.05.99;
S7= 24.06.99 and S8= 07.06.99.

A randomized complete blocks design was used. The pea variety
was Baccara, which is a normal leaved variety and collected from
John Turner Seeds, Cambridge, UK.

Clay loam top soil {0-16cm) was collected from an agricultural field,
sieved, mixed with composed (B & Q multipurpose compost, B &
Q Plc, Chandlersford, Hants, SO B3 3YX], UK and used to fill thirty
two pots (holding capacity of 70 litres), 44 cm diameter and 65 cm
deep. Initially 24 seeds wvere sown in each pot, with 2 seeds at
each position. When the seeds emerged the seedlings were
counted and then thinned to twelve per pot, which is equivalent
to 79 plants per m?. Twelve plants were established in each pot,
and arranged in a grid pattern, with approximately 8 cm between
plants. Phosphorus and potassium fertilizer were applied as a basal
dose @ 50kg P,O; and B0 kg K,O per ha before sowing in the
form of a compound fertilizer {0-24-24]). As soil vwas fertile and
additional nitrogen requirements were low because of mixing
compost, ne nitrogenous fertilizer vwas applied. The plants vvere
watered with tap water as and when required. Weeds were
removed manually in all pots whenever necessary.

Date of emergence {when the first shoot appeared above the
ground surface), date of first flowering, date of average flowering
{when flowers were visible and open at most of the nodes and the
first pods were visible on the plants), last date of visible flowers
and date of harvest vvere recorded. Flowvering period wvas
calculated from the difference between first flowering date and
last date of visible flowers. The plants in each pot were harvested
by hand as they matured. All plants vwere removed by hand pulling
and counted. All pods were removed, counted and threshed by
hand. The seeds were counted using an automatic seed counter,
dried in trays in the air in an unheated glasshouse and then
vveighed. The empty pods wvere collected, put with the stravw and
dried in an oven at BO°C for 48 hours to determine the stravv dry
weight. These data were then used to calculate number of pods
per plant, number of seeds per plant, number of seeds per pod,
seed weight per plant, straw dry weight per plant and 1000 seed
vveight.

All data were analyzed by the analysis of variance (ANOVA)
method, using Minitab statistical package version -12. Tests of
differences betvween means vvere made at the 5% probability level
when a significant F value was obtained for sowing date effect.
Different treatment means vvere compared by calculating a Least
Significance Difference (LSD] as follows:

LSD = Y{({2EMS)/n) x t (0.05), df.

Where EMS = error mean square; from analysis of variance table
n = number of replications (4); t = {0.06}, df = value from the t
distribution table at 5% probability level and appropriate error
degrees of freedom (df).

Results
The effects of sowing date on all development periods were
significant (Fig. 1). As the sowings vvere made at two vweeks
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Table 1: Mean weekly maximum and minimum temperature, sunshine and total number of rainy days and rainfall recorded during the
growing season of peas and flax in 1999 (sowing started on Ist March, 1999)
Temperature {("C)

No. of Rainfall/day Sunshine/day
Dates Woeeks after first sowing Max. Min. rainy days {mm)} (h}
1-7 March 1 7.6 4.4 7 8.2 0.0
B8-14 March 2 9.5 3.5 3 0.4 4.0
156-21 March 3 11.8 7.0 3 1.5 5.0
22-28 March 4 10.0 5.3 4] 2.5 2.2
29 March-4 April 5 16.9 8.9 5 1.5 6.3
5-11 April 4] 13.4 9.3 4 3.3 4.1
12-18 April 7 8.1 2.4 3] 3.3 5.1
19-25 April B 12.2 6.3 4] 3.9 4.7
26 April-2 May 9 12.3 7.3 1 0.3 8.1
3-9 May 10 17.4 9.2 4 2.8 5.3
10-16 May 11 14.6 10.3 5 2.7 6.7
17-23 May 12 16.1 9.6 3 0.5 6.2
24-30 May 13 16.7 10.6 3] 1.3 4.5
31 May-6 June 14 14.8 10.0 4] 3.9 5.3
7-13 June 16 14.1 8.7 2 0.4 6.0
14-20 June 16 18.7 11.6 2 2.6 8.8
21-27 June 17 18.6 10.6 4 5.0 6.2
528 June-4 July 18 18.9 12.4 4 1.0 6.0
5-11 July 19 21.6 14.6 1 0.5 8.2
12-18 July 20 19.2 12.9 3 0.3 7.1
19-256 July 21 19.4 13.2 2 1.0 5.8
26 July-1 August 22 22.1 12.1 0 0.0 12.4
2-8 August 23 19.7 16.0 3] 6.8 2.5
9-15 August 24 17.3 12.6 4 2.2 6.0
16-22 August 25 18.0 10.8 4 1.1 8.8
23-29 August 26 19.56 13.1 4 2.3 3.9
30 Aug-b Sept. 27 21.0 13.0 0 0.0 5.5
6-12 September 28 20.8 11.6 4 7.5 7.4
13-19 September 29 17.6 10.5 3 9.7 6.3
Table 2: Effects of date of sowing on emergence percentage, development periods, yield and yield components of peas

Date of sowing

Parameters 1.3.99 15.3.99 29.3.99 12.4.99 26.4.99 10.5.99 24.5.99 .6. SED LSD
Emergence % (original data) 855 846 87.3 87.3 84.6 96.4 85.5 81.0 4.78 NS
Emergence % (transformed data) 9.7 9.7 9.8 9.8 9.7 9.8 9.7 9.5 0.25NS
Flowering period 27.2 24.5 22.0 18.5 15.7 13.0 14.5 18.0 062 1.28 ==~
Days from 1% flowering to harvest 53.2 50.2 49.0 47.0 43.0 44.2 46.0 47.7 0.74 1.54 **=*
Number of pods/m* 567.0 627.0 616.0 570.0 523.0 577.0 575.0 667.0 3546 NS
Number of seeds/ m? 2732.0 3006.0 29720 2970.0 2834.0 3019.0 3026.0 23420 163.98 338.45 *~
Seed weight/ m? (g} 8940 918.0 904.0 890.0 844.0 863.0 863.0 628.0 70.18 144.86 **
Straw dry weight/ m? (g) 599.0 610.0 596.0 616.0 551.0 565.0 569.0 395.0 51.27 105.82 #*
1000 seed weight (g) 3260 3060 3050 300.0 298.0 284.0 284.0 269.0 15.39 31.77
Number of pods/plant 6.2 6.8 6.7 6.2 5.7 6.2 6.3 6.2 0.39 NS
Number of seeds/plant 29.7 327 32.3 32.3 30.8 328 329 25.4 1.78 3.68 -~
Number of seeds/pod 4.8 4.8 4.8 5.2 5.4 5.2 5.3 4.1 0.21 0.43 ***
Seed weight/plant (g 9.71 9.97 9.83 9.68 9.17 9.37 9.37 6.83 0.762 1.572 ==
Straw dry weight/plant (g) 6.50 6.63 6.47 6.69 5.99 6.14 6.18 4.29 0.557 1.149 *=*
Harvest index % 59.9 60.0 60.3 59.1 60.5 60.6 60.3 61.4 1.13 NS

* = Significant level at B %, ** = Significant level at 1 %, *** =Significant level at 0.1 % NS= Non Significant

Table 3: Values of the linear correlation coefficient ir) of seed
yield/m? between pods/plant, seeds/pod and 1000 seed
weight of peas (n=8].

Paramters Peas
Pods/plant r = 0.324
Seeds/pod r = 0.664
1000 seed weight r = 0.733
[P < 0.05)

Values within brackets are the corresponding probability levels

intervals the differences between consecutive sowings were
generally small and sometimes not significant.

Days from sowing to emergence: As sowing date was delayed
then days from sowing to emergence {D (S-E}} decreased. Days
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from sowing to emergence decreased markedly as sowing was
delayed from 01.03.99 to 29.03.99. Days from sowing to
emergence for sowing 4 was slightly greater than expected due
to very cold and wvet vweather during vweek 7 {Table 1). Days from
sowing to emergence for sowings b to B vvere similar.

Duration of different development periods: As sowing was
delayed the number of days from sowing to first flowering,
emergence to first flowering, sowing to average flowering and
sowing to harvest all decreased (Fig. 1]. The effects of date of
sowing on the number of days from sowing to first flowering
decreased as sowing was delayed. The decrease wvas large in
between sowings 1 to b and relatively smaller from sowings b to
8. The number of days from emergence to first flowering
decreased as sowing vvas delayed. This decrease vvas relatively
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Fig.1: The effect of data of sowing on the length of different
development periods {days) of flax plants betveen
sowing (S), emergence (E}. first flowering (1°'F},
Average flowing (Av.F) and harvest (H) (vertical bars are

+ SE of the means)

constant over all the sowing dates, except 29.03.99 to 12.04.99.

The number of days from sowing to average flowering decreased
significantly as sowing vwas delayed. There vvas a significant effect
of sowing date on the number of days from sowing to harvest.
The number of days from sowing to harvest decreased as sowing
was delayed. This decrease was large up to sowing b and relatively
smaller from sowing 6 to 8. Days from first flowering to harvest
and the duration of the flovvering period also generally decreased
as sowing was delayed (Table 2).

Emergence percentage: The effect of time of sowing on
emergence percentage was not significant. The range of
emergence percentage was 97.3 to 91% (Table 2). After thinning
there were 12 plants in each pot and they all survived throughout
the maturity, so, at harvest the number of plants were identical in
all the sowings.

Yield and yield components: Seed weight per plant and seed
weight per m? were not significantly affected by the date of
sowing over the range of sowing dates from 01.03.99 to
24.05.99 (Table 2). Hovwvever, at the last sowing date seed wvweight
per plant and seed weight per m? were significantly decreased.
There vvas no significant effect of sowing date on number of pods
per plant and number of pods per m? but the effect was
significant on number of seeds per plant and seeds per mZ’.
Sowings 1 to 7 all had similar number of seeds per plant, but
sowving 8 had a significantly lower number. The lower seed weight
per plant at the final sowing was due to significant decreases in
the number of seeds per pod and 1000 seed wweight. The effect of
sowing date on straw dry weight was also significant. Sowings 1
to 7 had similar vweight but sowing 8 had a significantly lovver
weight. Finally the effect of sowing date on harvest index
percentage vvas not significant.

Discussion

The environment during seed development is a major determinant
of seed yield (Delouche, 1980). Sowing dates exhibit their effects
on plants by affecting various physiological process. In this
experiment sowing dates had a significant effect on most of the
studied characters including duration from sowing to emergence,
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the length of different development periods, seed yield and yield
components. In peas apart from emergence percentage, number
of pods per plant and m? and harvest index, all variables wvere
significantly affected.

Effects of sowing date on plant development: As sowing date was
delayed then due to rising temperatures (Table 1} and longer
photoperiods, vegetative growth was very rapid and hence pea
plants matured quickly. The harvest dates of each sowing vvere
much closer together than the sowing dates. The first sowing
took 141 days from sowing to harvest whereas the final sowing
took 92 days only. This was also observed with different crop
species by other workers (Friend ef al., 1962; Wall and Cartwright,
1974; Stern and Kirby, 1979). Examination of the records for the
time when individual sowings became ready for harvest showed
them to have a strong relation with date of sowing.

March sowings tended to be ready for harvest before the end of
July while mid April to mid May sowings tended to become ready
in the second week in August and late May and first vweek of June
sowings in the last week of August and first week of September.
Delaying sowing decreased the length of all development periods.
Comparing the first and final sowing dates, corresponding
decreases were 10, 34 and b days. Hence delay sowing had its
greatest effect on the duration of the period between emergence
and first flowering. The shorter duration of the seed filling period
was reflected in lower average seed weight (Table 2).

The faster development of later sowings is probably due to the
fact that they experienced higher temperatures and longer
photoperiods. Other investigators have obtained similar results
with other species (Peterson and Loomis, 1949; Gardner and
Loomis, 1953; Lindsey and Peterson, 1964).

Effects of sowing date on yield and yield components: The results
show a clear yield trend in favour of early sowing. From these
experiments it may be concluded that peas are best drilled as
soon after the middle of March as soil conditions allow.
Comparison of the sowing dates (Tables 2] show that the later
sowings suffered a much more severe yield drop. The earliest
sowings are likely to have suffered some yield loss in comparison
with the second sowings, as early sowings experienced more cold
and wvet vweather condition. The yield decrease vwas mainly due to
a decrease in 1000 seed weight and number of seeds per pod but
number of pods per plant was not affected.

Relationship between sowing date, yield components and yield:
The results [Table 3} show the values of the linear correlation
coefficient of yield components with yield per m2. In peas yield per
m? was significantly correlated with 1000 seed weight only. The
correlation of yield per m? was not significant with pods per plant
or seeds per pod.

This study indicated that delay sowing after mid April resulted in
yield reductions, which is in agreement with the findings of other
workers (Bosswvell, 1926; Kruger, 1973; Silim et al., 1985].
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