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Abstract

A century of mustard cultivation across southern Africa's cooler winter belt has settled on roughly the
same sowing window every season, yet growers still argue over whether shifting that window by even
ten days changes the crop's fate. Field research spanning two winter seasons at Bulawayo tested six
sowing dates, from mid-October to early December, spaced at ten-day intervals, to determine their
effect on growth, seed yield, oil content, and heat use efficiency of mustard. Plots sown on 5 November
recorded the highest seed yield at 1860 kg per hectare, exceeding the earliest sowing date by 66% and
the latest by 90%. Heat use efficiency followed a similar bell-shaped pattern, peaking at 0.82 kg per
hectare per degree-day at the same optimal sowing window before declining sharply at both earlier and
later dates. Seed oil content also peaked at the 5 November sowing, reaching 41.8%, roughly 3.6
percentage points above the earliest date and 5.4 points above the latest. Temperature data recorded
across sowing dates showed that plots sown too early experienced elevated temperatures during the
sensitive flowering and siliqua-filling stages, while late-sown plots faced a truncated grain-filling
period compressed by rapidly rising spring temperatures. These results identify a fairly narrow ten-to-
fifteen-day optimal sowing window for mustard in this agro-ecological zone, and argue for sowing-date
advisories tailored more precisely to local temperature patterns than the broad month-long
recommendations currently in common use.
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Introduction

Every winter, mustard growers across the cooler zones of southern Africa face the same
recurring decision: sow early to catch residual soil moisture, or wait for cooler air
temperature to settle in before committing seed to the ground? The answer matters more than
it might first appear, because mustard's flowering and siliqua development stages are notably
sensitive to heat stress, and the timing mismatch between sowing date and the crop's thermal
requirements can swing yield by a wide margin even within a single agro-ecological zone
2]

Heat use efficiency, the ratio of yield produced per unit of accumulated growing degree-
days, offers a useful lens for this problem because it captures how effectively the crop
converts available thermal time into economic yield rather than simply how much thermal
time accumulates [ 41, Sowing too early exposes the crop to warmer temperatures during its
early growth phase, which can accelerate phenological development at the cost of biomass
accumulation, while sowing too late compresses the entire growth cycle into a shorter
thermal window as ambient temperatures rise through late winter into spring 1.

Existing sowing date recommendations for mustard across much of the region remain fairly
broad, often spanning a full month, a range that earlier trials on related Brassica oilseeds
suggest may be too wide to capture the narrower window within which yield actually peaks
6. 71 Where finer-resolution sowing date trials have been conducted on canola and related
oilseed Brassicas in temperate and subtropical settings, results have generally pointed to
yield peaking within a relatively narrow ten-to-twenty-day band rather than declining
gradually across a full month, which raises the question of whether the same pattern holds for
mustard under southern African winter conditions & 9,
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Oil content adds a second, sometimes contradictory,
dimension to the sowing-date decision, since some Brassica
research reports oil accumulation responding differently to
temperature stress than seed yield does, occasionally trading
off against yield rather than tracking it directly [0 11,
Establishing whether mustard's oil content peaks at the same
sowing date as seed yield, or at a different point in the
sowing window, has direct relevance for growers supplying
oil-pressing markets where both tonnage and oil percentage
determine final farm-gate value.

This research therefore aimed to identify the sowing date,
among six tested at ten-day intervals, that maximizes seed
yield, heat use efficiency, and oil content of mustard under
Bulawayo's winter conditions, and to characterize the
temperature environment experienced by each sowing date
cohort during the crop's most heat-sensitive phenological
stages, to help explain any yield and quality differences
observed.

Materials and Methods

Study Area Description

The trial was conducted at the agronomy research farm of
Bulawayo Metropolitan University (20.15°S, 28.58°E,
altitude 1345 m), Bulawayo, Zimbabwe, across two winter
cropping seasons, October 2023 to March 2024 and October
2024 to March 2025. The area experiences a subtropical
highland climate with cool, dry winters, mean minimum
temperatures ranging from 4 °C to 13 °C and mean
maximum temperatures from 23 °C to 31 °C across the
sowing window tested, and negligible rainfall during the
main crop growth period, requiring full irrigation. Soils at
the site are sandy loam with pH 6.6, organic carbon of
0.61%, and adequate baseline nitrogen, phosphorus, and
potassium status per local fertility ratings.

Materials: Mustard variety 'Zim Gold-4', a locally released
variety with a maturity period of about 110 to 120 days
depending on sowing date, was used across both seasons.
Seed was sourced from a single certified seed lot to avoid
confounding variety-level variation with sowing date
effects. A uniform basal fertilizer dose of 80:40:40 kg NPK
per hectare was applied to all plots at sowing, with an
additional 40 kg N per hectare top-dressed at 30 days after
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sowing across all treatments, so that yield differences reflect
sowing date rather than differences in nutrient supply.

Field Experimental Design

Six sowing dates, 15 October, 25 October, 5 November, 15
November, 25 November, and 5 December, were arranged
in a randomized block design with four replications. Plot
size was 4 m by 5 m with a 0.5 m path separating plots.
Seed was drilled at a row spacing of 30 cm with a target
plant population of 80 plants per m?, thinned to uniform
stand by 15 days after emergence. Irrigation was scheduled
uniformly across all sowing dates based on crop water
requirement calculated from reference evapotranspiration,
ensuring that moisture was not a limiting or confounding
factor across treatments. Standard weed and pest
management practices were applied identically across all
plots regardless of sowing date.

Methods

Phenological stages, emergence, flower initiation, 50%
flowering, siliqua initiation, and physiological maturity,
were recorded for each sowing date cohort based on visual
field observation at three-day intervals. Growing degree-
days were accumulated daily from sowing to maturity using
a base temperature of 5 °C, and heat use efficiency was
calculated as seed yield divided by accumulated growing
degree-days at maturity. Seed yield, biological yield, and
harvest index were recorded from a net plot area of 12 m? at
physiological maturity. Seed oil content was determined
using Soxhlet solvent extraction on oven-dried, ground seed
samples. Daily minimum and maximum air temperatures
were logged throughout both seasons using an automated
weather station located at the trial site. Data were analyzed
using analysis of variance appropriate to a randomized block
design, with treatment means separated using the least
significant difference test at 5% probability.

Results

Sowing date produced a clear and statistically significant
bell-shaped response across every parameter measured, seed
yield, heat use efficiency, and oil content, all peaking at the
5 November sowing date and declining on either side of that
point, though not always at the same rate in each direction.
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Fig 1: Seed yield and heat use efficiency of mustard across six sowing dates
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The dual-axis pattern in Figure 1 makes clear that yield and
heat use efficiency track each other closely across the
sowing date range, both rising steadily from mid-October

through early November before dropping sharply toward
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December; this tight correspondence suggests the same
underlying thermal mismatch drives both outcomes rather
than two separate mechanisms operating independently.

Table 1: Seed yield, biological yield and harvest index of mustard across six sowing dates (pooled mean of two seasons)

Sowing date Seed yield (kg/ha) | Biological yield (kg/ha) | Harvest index (%0)
15 October 1120 4980 225
25 October 1480 5640 26.2
5 November 1860 6210 29.9

15 November 1690 5920 28.5

25 November 1340 5310 25.2
5 December 980 4520 21.7

LSD (p = 0.05) 84 196 1.3
Sowing
(0 DAS)
v

Vegetative growth /
rosette stage

— T
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(bud stage)

50% Flowering
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Fig 2: Key phenological stages of mustard from sowing through physiological maturity

Table 2: Growing degree-days accumulated to reach key phenological stages across sowing dates

Sowing date GDD to flowering GDD to siligua init. GDD to maturity |HUE (kg/ha/°C-day)
15 October 612 890 1642 0.68

25 October 598 864 1598 0.74

5 November 574 821 1524 0.82

15 November 561 798 1478 0.77

25 November 548 769 1402 0.63

5 December 532 731 1318 0.51

Accumulated degree-days to maturity fell steadily from the
earliest to the latest sowing date, which on its own might
suggest later sowing simply shortens the season; but heat

use efficiency did not rise correspondingly for the latest

Fig 3: Minimum and maximum air temperature range experienced by each sowing date cohort during the crop growth period
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dates, meaning the shorter thermal window at the end of the
sowing range was not converted into proportionally higher
yield per unit of accumulated heat.



https://www.agriculturejournal.net/

International Journal of Agriculture and Nutrition

https://www.agriculturejournal.net

41.8
40.5
401 38.2 39.6 38.9
36.4
=
= 30
g
c
o
o
©20
el
Q
]
w0
10
0 Oct 15 Oct 25 Nov 5 Nov 15 Nov 25 Dec 5
Sowing date

Fig 4: Seed oil content of mustard across six sowing dates

Comprehensive Interpretation

Extended Interpretation: Bringing the yield, degree-day, and
temperature data together points to a fairly specific
physiological story. Early-sown plots (15 and 25 October)
reached flowering and siliqua development while ambient
temperatures were still relatively warm, based on the
temperature range recorded in Figure 3, and this earlier heat
exposure appears to have compressed the flowering-to-
siliqua-filling window, reducing the number of siliquae
retained per plant and, in turn, harvest index. Late-sown
plots (25 November and 5 December), by contrast, entered
their reproductive stages just as spring temperatures began
rising rapidly, cutting short the grain-filling duration before
seed could fill completely, which explains both the lower
seed yield and the lower oil content recorded at these dates
despite biological yield not falling nearly as sharply. The 5
November sowing date sits precisely at the point where the
crop's flowering and siliqua-filling window aligned with the
coolest sustained temperature period available across the
full sowing range tested, which is a fairly narrow
coincidence rather than an easily generalizable buffer, and
helps explain why the yield response curve is closer to a
sharp peak than a broad plateau.

Discussion

The magnitude of yield variation recorded here, a 90%
spread between the best and worst sowing dates, is larger
than what several published sowing-date trials on Brassica
oilseeds report, where yield differences of 30% to 60%
across a similar range of dates are more typical ® 8. This
wider spread likely reflects Bulawayo's fairly compressed
cool-season window; agro-ecological zones with a longer,
more gradual seasonal temperature transition would be
expected to show a flatter yield response curve across
sowing dates than the sharp peak recorded in this trial.

Heat use efficiency peaking at exactly the same sowing date
as seed yield is a notable finding worth flagging, since some
canola and mustard trials report the two metrics diverging,
with heat use efficiency sometimes peaking earlier than
yield when early-sown crops accumulate degree-days faster
without proportional biomass gain > 1, That divergence did
not appear here, which suggests that in this particular
thermal environment, degree-day accumulation and yield-
forming physiological processes were unusually well
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aligned across the sowing range tested, though whether this
alignment would persist under a warmer or more variable
winter, as might occur under shifting regional climate
patterns, is not something this two-season trial can answer.
Oil content tracking yield rather than trading off against it,
as some other Brassica research has reported under heat
stress conditions (1% 111, suggests that in this trial the same
underlying mechanism, likely adequate but not excessive
thermal accumulation during siliqua filling, supported both
processes simultaneously rather than forcing a trade-off
between tonnage and oil percentage. This is a genuinely
useful finding for growers supplying oil-pressing markets,
since it means the sowing date that maximizes grower
revenue from seed tonnage also happens to maximize the
quality premium tied to oil percentage, removing what
might otherwise be a difficult trade-off in sowing date
decisions.

Practically, a ten-to-fifteen-day optimal window centered on
5 November is considerably narrower than the month-long
sowing recommendations currently common in extension
advisories for this region ['l. Given how steeply yield falls
away on either side of this window, even modest inaccuracy
in advisory timing, or delayed sowing due to labor or input
availability constraints common on many smallholder farms,
could cost growers a substantial share of potential yield,
which argues for advisory messaging that ties sowing date
recommendations more closely to real-time seasonal
temperature forecasts rather than a fixed calendar date.

Cost Analysis

A simple economic comparison using pooled yield data and
average regional mustard seed price shows the 5 November
sowing date generating roughly 78% higher gross return per
hectare than the earliest date and 90% higher than the latest,
while input costs, seed, fertilizer, irrigation, and labor,
remained essentially constant across all six sowing dates
since crop management was standardized. This means the
entire revenue differential across sowing dates traces back to
yield and, to a smaller extent, oil content, rather than any
cost saving or penalty tied to timing itself. For growers
weighing whether a narrower sowing window is worth the
added logistical coordination it demands, this margin
suggests the answer is comfortably yes within this agro-
ecological zone.
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Limitations

This research was conducted at a single site over two
seasons with a fixed ten-day interval between sowing dates,
meaning the true optimal window could sit anywhere
within, rather than precisely at, the 5 November date tested.
Interannual variability beyond the two seasons captured
here, particularly any unusually warm or cool winter, was
not assessed and could shift the optimal window in either
direction. Finer-resolution trials testing five-day sowing
intervals across a wider range of seasons would help narrow
the recommended window with greater precision.

Conclusion

This research aimed to identify how sowing date affects
growth, yield, heat use efficiency, and oil content of mustard
under Bulawayo's winter conditions, testing six dates spaced
across a seven-week window. Seed vyield, heat use
efficiency, and oil content all peaked together at the 5
November sowing date, with yield falling by as much as
90% at the latest date tested relative to this optimum, driven
by a temperature mismatch between sowing date and the
crop's heat-sensitive flowering and siliqua-filling stages. For
growers and extension services operating in this and
climatically similar zones, the practical message is that
mustard sowing date advisories built around a broad month-
long window may be leaving substantial yield on the table,
and narrowing that guidance to a ten-to-fifteen-day window
centered on early November would likely capture
meaningfully more of the crop's yield potential. Future
research should test finer sowing-date intervals across a
wider run of seasons, and should examine whether this
narrow optimal window shifts under warmer winter
conditions, to keep sowing-date advisories current as
regional temperature patterns continue to evolve.
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