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INTRODUCTION

ABSTRACT

Weed competition is a significant constraint to Rape/Ethiopian
mustard (Brassica carinata) production. However, the optimum
depth of readily available rice-husk mulch for simultaneous
weed control and yield gain is undocumented. A field
experiment was conducted from April to June 2024 at the Crop
Museum, Sokoine University of Agriculture, Morogoro, Tanzania
(6°85'S, 37° 64’ E; 568 m a.s.l.) using a Randomised Complete
Block Design with five replications. Five management options
were tested: unweeded control (0 cm mulch), rice-husk mulch
at 5, 10 and 15 cm depths, and the farmer's practice of hand-
weeding every two weeks. Weed density (0.25 m? quadrats),
plant growth traits and marketable fresh-leaf yield (g plot™;
1.44 m?) were recorded and analysed by ANOVA (Tukey 5 %)
and regression. Rice-husk mulch markedly suppressed weeds;
10 cm mulch reduced density from 83.4 + 11.3 to 7.45 + 1.34
weeds 0.25 m™?, an average 91 % reduction relative to the
unweeded control. Hand-weeding yielded the highest yield (449
+ 88 g plot™* ~ 3.12 t ha™), but a 5 cm mulch produced a
statistically similar yield (404 + 31 g plot™) and 47 % more than
the unweeded treatment. Leaf area emerged as the sole
significant predictor of yield, with each additional cm?
contributing 2.08 g (p = 0.008), explaining 39 % of yield
variation. Treatment effects on yield were not significant at a =
0.05, reflecting large within-treatment variance, yet clear
biological trends were evident.

Keywords: Brassica carinata; crop yield; organic mulching; rice-
husk mulch; sub-humid tropics; weed management.

Brassica carinata A. Braun (Ethiopian mustard or Abyssinian cabbage) is a versatile member of the
Brassicaceae family that supplies both edible leaves and industrial oil. It now ranks behind only canola as an
oilseed in Canada and is consumed as a leafy vegetable across eastern and southern Africa (USDA ARS, 2014;
NRC, 2013; Khangura & Aberra, 2006; Chauhan et al., 2013). The crop is cultivated in several countries around
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the world including the United States, Chile, Uruguay, Australia, India, Pakistan, and many African countries
such as Botswana, Cameroon, Cote d’'Ivoire, Madagascar, Malawi, Mozambique, Sudan, the Democratic Republic
of the Congo, Zambia, Zimbabwe, and throughout East Africa reflecting its broad adaptability (Mekonnen &
Hoekstra, 2011; Gebrelibanos et al., 2019). Tanzania flourishes in high-rainfall or high-altitude areas such as
Arusha, Kilimanjaro, Iringa, Mbeya, Njombe and Lushoto (Tanga), even though no formal production zones
have been designated.

As a vegetable, B. carinata provides essential micronutrients and diversity to local diets, while its tolerance
of drought, low temperatures and marginal soils makes it a strategic option for climates that are becoming
more erratic (Choudhary, 2016; Kassa, 2016). Smallholder studies report income gains of 30-40 % (about USD
190 per season) when vegetables such as B. carinata are added to mixed farms, and seed sales offer further
revenue (Mutwedu et al.,, 2020; Macharia et al., 2016; Gebrelibanos & Tesfaye et al., 2015; Mekonnen et al,,
2018). Production, however, is hampered by weed pressure, pests, diseases and increasingly variable rainfall.
Climate-model projections indicate that many African countries could lose up to 50 % of rain-fed crop yields
by 2020-2030, with smallholders (90 %) of whom rely on rain-fed land most at risk (IPCC, 2007; FAO, 2007;
Dinar et al., 2008). Although pests and pathogens reduce output, weeds remain the most considerable biotic
constraint: beyond direct yield loss, they lower produce quality, host pests, and force costly control measures
(Baki, 2004; Das et al,, 2017; Horvath et al., 2023).

Traditional weed-management options include hand-weeding, mechanical cultivation and herbicides, each
with drawbacks: labour bottlenecks for the first two and ecological or consumer concerns for the third (Rana
& Rana, 2016; Monteiro & Santos, 2022). Organic mulches such as rice husk offer a promising, low-cost
alternative: they suppress germinating weeds, conserve soil moisture and add carbon without the
environmental footprint of herbicides. However, robust data on the depth of rice-husk mulch required for
reliable weed control in B. carinata are lacking. This study therefore evaluates three depths of rice-husk mulch
(5, 10 and 15 cm) against unweeded and hand-weeded controls to (i) quantify weed suppression and (ii)
determine whether deeper mulch layers translate into higher leaf yield of B. carinata. We hypothesised that
increasing mulch depth would linearly reduce weed density and, in turn, improve crop performance.

MATERIALS AND METHODS
Study area

The field trial was carried out from April to June 2024 at the Crop Museum of Sokoine University of Agriculture
(SUA) on the northern foot-slopes of the Uluguru Mountains, Morogoro Urban District, Tanzania (06° 51’ S, 37°
39’ E; 568 m a.s.l.). The area has a bimodal rainfall pattern (average 800 - 950 mm yr™*) with “long” rains in
March-May and “short” rains in October-December; distribution is often erratic. During the experimental
period, the site received 312 mm of rainfall and mean daily temperatures ranged from 21.4 °C (min) to 30.8 °C
(max). The surface soil (0-20 cm) is a sandy-loam Luvisol (FAO classification) with pH(H,0) 6.2, organic matter
1.8 %, total N 0.11 %, available P (Bray-1) 9.4 mg kg™* and cation-exchange capacity 13.5 cmol(c) kg™*. Basic
soil data were obtained from the SUA Soil Laboratory prior to transplanting.

Planting material and mulch

B. carinata (Rape) seed was obtained from MAKI Seed Supplier, Morogoro. Rice husk, the dominant by-product
of the local milling industry, was collected fresh from mills near Mawenzi Market, air-dried to ~12 % moisture,
and sieved to remove oversized charcoal or stone fragments. Bulk density averaged 90 kg m™3, allowing
conversion of mulch depths to approximate mass equivalents (Table 1).

Table 1. Equivalency of the rice husk depth used on an experimental area to tonnes/ha

Nominal depth (cm) Rice-husk rate (tha™)
5cm = 7.0

10 cm ~14.0

15cm x21.0
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Nursery management

Seeds were sown into 200-cell plastic trays filled with sterilised peat-moss substrate. Trays were overhead
irrigated daily for the first 18 days and on alternate days thereafter to harden seedlings. Twenty-five-day-old
seedlings (two-three true-leaf stage) were transplanted to the field.

Experimental design and treatments

A randomised complete-block design (RCBD) was used, with five treatments and five blocks oriented
perpendicular to the dominant slope to capture micro-topographic variation:

i. Unmulched, unweeded control
ii. Rice husk 5 cm depth
iii. Rice husk 10 cm depth
iv. Rice husk 15 cm depth

V. Farmer practice: hand-weeding at 2-week intervals

Each plot measured 1.2 x 1.2 m (1.44 m?) and contained 24 plants arranged at 30 cm x 20 cm spacing. Guard
alleys of 0.5 m separated plots and 1 m separated blocks (Figure 1). Mulch was applied evenly one week after
transplanting (WAT) to the pre-marked depths; control and hand-weeded plots received no mulch.

Figure 1. The experimental plot with rice husk mulch
Field management

The field was initially ploughed to 25 cm, fine-tilled with hand hoes and laid out using a rope grid. Well-
decomposed farmyard manure (10 t ha™, equivalent to 60 g plant™) was incorporated in each planting hole at
transplanting. No inorganic fertiliser was applied so that treatment effects on weed pressure and plant growth
were not confounded by differential nutrient inputs. Irrigation using a low-pressure hose system was supplied
up to three times per week whenever cumulative rainfall over three days was <15 mm. Only the “farmer-
practice” plots were weeded thereafter; labour time was tracked across events for a separate cost-benefit
assessment.

Pest management

Aphids (Myzus persicae) were monitored weekly. When mean counts exceeded 15 aphids leaf™%, a botanical
extract was applied: 700 g fresh Tagetes spp. shoots blended and fermented in 5 L water for 72 h, strained
through muslin and diluted 1:1 (v:v) immediately before spraying with a knapsack sprayer at 400 L ha™. No
fungal or bacterial diseases were observed (Figure 2).
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Figure 2. Preparation of Tagetes spp. Grinding (Left), and a mixture ready for application (Right)

Data Collection

Sampling dates were pegged at 2, 4 and 6 WAT (weeks after transplanting). Within each plot a permanent 0.25
m? quadrat (50 x 50 cm) was positioned centrally between rows for non-destructive measurements.

Table 2. Variables assessed and their methods

Variable Method and timing
Counts of emerged weeds inside the quadrat at 2, 4 and 6 WAT; identified to genus
where possible.

Plant height (cm) Mean of five tagged plants per plot at 4 and 6 WAT using a metre rule from collar to apex.

Weed density

Leaf number Count of fully expanded leaves on the same tagged plants at 4 and 6 WAT.
Two youngest fully expanded leaves per tagged plant measured with a portable leaf-area
Leaf area (cm?) meter (LI-3000C, LI-COR, USA); whole-plant area estimated by multiplying mean leaflet
area by leaf number.
Leaf area index
(LAD)
Marketable yield Harvested at 45 days after transplanting; marketable leaves trimmed, weighed fresh on
(gplot™) a digital scale (0.1 g).

Leaf area per plant x plant density / ground area.

Data analysis

All analyses were conducted in R version 4.3.0. Prior to ANOVA, data sets were screened for normality
(Shapiro-Wilk) and homogeneity of variance (Levene’s test, car package). Where assumptions were violated,
square-root transformation (weed density) or log;, transformation (yield) was applied. A two-way fixed-
effects ANOVA was run for each response, with “mulch treatment” as the main factor and “block” as a random
blocking factor. Means were separated with Tukey’s Honest Significant Difference (HSD) at « = 0.05 (agricolae
package). Pearson correlations quantified bivariate relationships among continuous variables; 95 %
confidence intervals were bootstrapped (1,000 resamples). Simple and multiple linear regressions were fitted
to identify agronomic predictors of yield. Candidate explanatory variables were plant height, leaf area, LAl and
weed density (all measured at 4 WAT). Model selection used stepwise AIC; multicollinearity was checked with
variance-inflation factors (VIF < 5 deemed acceptable; car package). Adjusted R%, RMSE and residual plots (qq-
norm, scale-location) were examined to validate model adequacy. Both statistical significance (p < 0.05) and
biological relevance were considered when interpreting results.

RESULTS
Weed suppression

Mulch depth had a pronounced effect on weed emergence (Table 3). The unweeded control averaged 83.4
11.3 weeds 0.25 m™~2, whereas 10 cm of rice-husk mulch limited emergence to 7.5 + 1.3 weeds 0.25 m™%,a 91 %
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reduction. One-way ANOVA confirmed large treatment effects (F4,20 = 28.3, p < 0.001). Tukey HSD grouped the
unweeded control (a) apart from all managed treatments (b - ¢), with 10 cm and 15 cm mulch giving the lowest,
statistically similar densities.

Plant growth and canopy attributes

Differences in canopy traits were modest (Table 3). Hand-weeding every two weeks produced the tallest plants
(19.4 £ 1.6 cm) and the greatest leaf number (3.54 * 0.22), but height and leaf count did not vary significantly
among the four mulch treatments (p > 0.10). Leaf area followed a similar pattern: weeding (184.5 * 8.3 cm?)
and 5 cm mulch (182.3 + 17.6 cm?) ranked highest, while the control recorded the smallest leaves (149.8 + 6.9
cm?). These differences translated into small yet consistent changes in LAI (0.25-0.31).

Marketable yield

Mean fresh-leaf yield ranged from 274 + 21 g plot™* in the unweeded control to 449 + 88 g plot™* under hand-
weeding (Table 3). Although the two highest-yielding treatments (hand-weeding and 5 cm mulch) exceeded
the control by 64 % and 47 %, respectively, treatment effects were not statistically significant (F4,20 = 2.05, p =
0.121) because of high among-plot variability, particularly in the weeding treatment (CV = 44 %).

Determinants of yield

Simple regressions identified average leaf area as the sole agronomic variable with a significant positive
relationship to yield (f = 2.08 + 0.70 g cm™?, t = 2.95, p = 0.008; adj. R? = 0.32). Neither weed density, plant
height nor leaf number alone explained a meaningful share of yield variation (p > 0.11). In a multiple linear
model containing all four predictors, only leaf area remained significant (Table 4). The full model explained
38.6 % of variance (adj. R* = 0.386; F4,20 = 4.78, p = 0.007) and showed low multicollinearity (all VIF < 2.5). A
reduced model with just leaf area and height performed slightly better (adj. R? = 0.417), but plant height itself
was not significant (p = 0.114), reinforcing canopy size (leaf area) as the main driver of yield under the
conditions of this trial.

Table 3. Effect of rice-husk mulch depth and weeding regime on weed density, growth traits and marketable
yield of Brassica carinata (means * SE; n = 5)

Plant
Weed density , Leaves Leaf area Yield (g

Treatment (no. 0.25 m™2) ?frln%ht plant™ (cm?) LAl plot™)

10 cmmulch 745+ 1.34¢ 179+03 348+0.08 170.0+16.9 0.283 +0.028 350.0 + 26.9
15cmmulch  10.35+0.33°¢ 19.0+1.1 3.37+0.16 153.2+11.6 0.255+0.019 314.2+414
5 cm mulch 18.95+2.42% 19.0+1.2 342+0.13 1823+17.6 0.304 +0.029 403.6 £30.9
Unweeded 83.40+11.342 169+15 279+0.11 149.8+6.9 0.250+£0.011 274.2+21.1
Hand- 12.40 £ 1.02%c 194+16 354+022 184.5+8.3 0.308+0.014 449.4+88.4
weeded

Different letters within the weed-density column denote significant differences at p < 0.05 (Tukey HSD). For
the other variables, treatment means did not differ significantly (ns)

Table 4. Regression models relating canopy traits and weed density to marketable yield
Predictors B (+ SE) for leaf Other

. retained area (cm?) significant 3 Adj. R* (e

Simple Leaf area only 2.08 £0.70 ** - 0.316 0.008
Leaf area, height,

Multiple (full) leaves, weed 2.08 +0.70 ** none 0.386 0.007
density

{\fe‘;ltt)‘ple (AIC- | cafarea height ~ 1.90 +0.63 ** S‘;‘_%h(tnzs)m'g 0417  0.004

** p < 0.01; ns = not significant (p > 0.05).
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DISCUSSION

This study tested whether increasing rice-husk mulch depth would (i) suppress weeds and (ii) translate into
higher fresh-leaf yield of B. carinata. The results confirm the first hypothesis unequivocally but only partly
support the second: weed density fell by > 90 % under a 10 cm mulch layer, yet the highest (though statistically
non-distinct) yield was obtained with 5 cm mulch and with fortnightly hand-weeding. The five-fold to eleven-
fold reduction in weed emergence achieved by 10 cm and 15 cm of rice husk mirrors the barrier and micro-
climate effects reported for other organic mulches (Bond & Burch, 2005). By blocking light and keeping the soil
surface cooler and drier, mulch delays or prevents germination of many small-seeded weeds, explaining the
low counts recorded here. The 5 cm layer was less effective (x 19 weeds 0.25 m™2) yet still reduced pressure
by 77 % relative to the unweeded control, underlining that even modest depths confer meaningful suppression.
The superiority of routine hand-weeding over 5 cm mulch for weed control in several earlier vegetable studies
(Radosevich et al,, 2007) was not observed here, indicating that rice husk is a viable substitute where labour is
scarce or costly.

Although deeper mulch gave the cleanest plots, it did not produce the most extensive canopy or the most
significant yield. One plausible explanation is that thick mulch layers can delay soil warming and hinder gas
exchange in the root zone during early establishment, transiently reducing growth despite excellent weed
control. Therefore, the 5 cm treatment may have struck an agronomic “sweet spot”: sufficient to curb most
weeds yet thin enough to avoid negative micro-climatic side-effects and to conserve the limited rice-husk
resource. Because rice husk is light (* 90 kg m™3 bulk density), every additional centimetre represents a
tangible transport and application cost; from a practical standpoint, 5 cm is more attractive to smallholders.
Across treatments, leaf area—not weed density, plant height or leaf number—explained the bulk of yield
variation (adjusted R? ~ 0.32 in the simple model). Each additional cm? of average leaf area translated into a
2 gincrease in marketable biomass. The primacy of canopy size is consistent with the central role of intercepted
radiation and leaf photosynthetic capacity in determining dry-matter production (Long et al., 2006; Taiz &
Zeiger, 2010). Weed suppression influences yield mainly indirectly: allowing larger leaves to develop. Once leaf
area was included in the regression, the direct effect of weed density disappeared—evidence that canopy
expansion mediates the yield response.

Despite clear biological trends, treatment means for yield were not statistically distinct at a = 0.05. The high
within-plot variation in the hand-weeded treatment (CV = 44 %) suppressed power. Heterogeneous micro-
topography, patchy manure distribution and episodic pest incidence may all have contributed. A larger plot
size, more replications, or split-plot blocking on slope position would improve precision in future work. For
smallholder vegetable farmers who often face labour bottlenecks, a 5 cm rice-husk mulch offers a practical
compromise, cutting weed pressure by three-quarters and matching the highest yields obtained with labour-
intensive hand-weeding. Increasing the depth to 10 cm will virtually eliminate weeds where rice husk is
plentiful. However, growers should weigh the extra material and labour costs against the marginal (and here,
non-significant) gain in yield. The effective weed management remains pivotal for maximising B. carinata
productivity (Radosevich et al., 2007). Rice-husk mulch at 10 cm delivers the most potent weed suppression,
yet a 5 cm layer produces equivalent yields with less material. Ultimately, canopy development—as reflected
by leaf area—is the single best predictor of fresh-leaf yield. Therefore, management practices that accelerate
early leaf expansion through judicious mulching or timely hand-weeding will give the most significant returns
under sub-humid tropical conditions.

Further investigations need to be done following these aspects: 1) Disaggregate weed flora to determine
whether particular species are especially sensitive or tolerant to husk mulch. 2) Track soil temperature and
moisture to verify the hypothesised micro-climatic trade-offs at greater mulch depth. 3) Extend trials across
seasons and soil types to test robustness under contrasting rainfall and fertility regimes. 4) Include partial-
budget analysis, so that biological benefits can be expressed in economic terms meaningful to farmers.

CONCLUSION

A single season of field testing showed that rice-husk mulching is a practical, low-input alternative to labour-
intensive hand-weeding in B. carinata: a 10 cm layer cut weed emergence by more than 90 %, while a 5 cm
layer delivered the second-lowest weed pressure and, together with fortnightly hand-weeding, produced the
highest fresh-leaf yields. Across all treatments, canopy size (leaf area) was the strongest determinant of yield,
indicating that practices which hasten early leaf expansion drive productivity more than the absolute number
of weeds remaining. For smallholder farmers with limited labour or mulch supply, applying rice husktoa 5 cm
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depth strikes the best balance between weed control, yield gain and material cost, whereas 10 cm may be
justified where near-complete weed suppression is paramount.
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