International Journal of Hortlculture and Food Science 2025; 7(6): 173-176

e
\Qu
»‘..
x“ (8D m

Internatlonal Journal of Hortlculture and Food Smence

E-ISSN: 2663-1067
P-ISSN: 2663-1075

NAAS Rating: 4.74
www.hortijournal.com
LJHFS 2025; 7(6): 173-176
Received: 21-03-2025
Accepted: 25-04-2025

Khairul Anuar

Department of Entomology,
Johor Bahru Academy of
Horticultural Research, Johor
Bahru, Johor, Malaysia

Noor Syahira

Department of Entomology,
Johor Bahru Academy of
Horticultural Research, Johor
Bahru, Johor, Malaysia

Amir Hamzah

Department of Entomology,
Johor Bahru Academy of
Horticultural Research, Johor
Bahru, Johor, Malaysia

Corresponding Author:
Khairul Anuar

Department of Entomology,
Johor Bahru Academy of
Horticultural Research, Johor
Bahru, Johor, Malaysia

Assessing agroforestry models of blueberry in the
Provencal lowlands

Khairul Anuar, Noor Syahira and Amir Hamzah

DOI: https://www.doi.org/10.33545/26631067.2025.v7.i6¢.667

Abstract

Blueberry growers in southern France face a growing challenge: summer temperatures now regularly
exceed 38 °C, scorching exposed fruit and depressing anthocyanin accumulation in what has
traditionally been a cool-climate crop. This research assessed five agroforestry shade models—open
field (0% shade), Alnus glutinosa canopy (15% shade), Grevillea robusta canopy (30% shade), mixed
deciduous canopy (45% shade), and dense forest margin (60% shade)—on highbush blueberry
(Vaccinium corymbosum cv. ‘Duke’) over two seasons (2021-2022) at the Johor Bahru Academy of
Horticultural Research, Malaysia, under simulated Provencal lowland conditions with calcareous soil
amendments and controlled daylength. A randomised complete block design with four replications was
used. Berry yield followed a quadratic response to shade, peaking at 11.2 t ha'* under 30% Grevillea
shade—a 33.3% increase over open field (8.4 t hal). Anthocyanin concentration was highest at 30%
shade (286 mg 100 g) and declined sharply beyond 45%. Rainwater harvesting from tree canopies
captured an additional 142 mm per season, reducing supplemental irrigation demand by 22.8%. The
economic analysis showed that the Grevillea system generated the highest combined net return when
timber and berry revenues were summed, exceeding open-field blueberry monoculture by 41.3%.
These findings point to moderate-shade agroforestry as a viable adaptation strategy for blueberry in
warming Mediterranean lowlands.

Keywords: Agroforestry models, blueberry cultivation, cultivar trial, crop physiology, headspace
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Introduction

How do you grow a berry that evolved in cool, acidic forest understoreys on the sun-baked
limestone plains of Provence? That challenge has intensified as southern French summers
warm at 0.3 °C per decade, pushing peak July temperatures above the 35 °C ceiling at which
blueberry photosynthesis begins to shut down 1. Open-field plantations in the Vaucluse and
Bouches-du-Rhéne départements reported sunburn damage on 12-28% of berries during the
2022 heatwave, translating into direct revenue losses of €1,200-3,400 per hectare 2,
Agroforestry—the deliberate integration of trees with crops or livestock—offers a partial
answer. Tree canopies filter incident radiation, reduce air and soil temperatures beneath
them, and buffer humidity fluctuations, all of which can benefit shade-tolerant understory
crops [Bl. Blueberry’s evolutionary association with partial forest shade suggests it may
respond positively to moderate shading, up to a point. Controlled-environment trials in
Oregon found that 30% shade cloth boosted anthocyanin concentration by 18% and reduced
sunburn incidence from 24% to 3% without significant yield loss 1.

But agroforestry shade is not the same as shade cloth. Tree canopies create spatially and
temporally variable light patterns that shift with sun angle, wind, and seasonal leaf-out [,
They also compete with the understory for water and nutrients through lateral root extension,
a trade-off that can negate the microclimate benefit if tree species are poorly chosen. Fast-
growing nitrogen-fixing trees like Alnus (alder) improve soil nitrogen but cast denser shade
than intended within a few years, while Grevillea offers lighter, more uniform shade with
minimal root competition in the upper soil horizon (1,

Rainwater harvesting from tree canopies adds another dimension. In Mediterranean climates
where summer rainfall is negligible, canopy interception and stem flow can be channelled
into collection basins adjacent to berry rows, offsetting part of the irrigation demand that
would otherwise come from wells or municipal supply 1,
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This research tested five agroforestry shade levels for their
effects on blueberry yield, berry quality, rainwater capture,
and economic viability under simulated Provencal lowland
conditions at Johor Bahru, Malaysia I,

Seasonal Variations

The 2021 simulated season ran from March to September,
with mean maximum temperatures capped at 34 °C using
overhead mist cooling in open plots and natural tree shade
in agroforestry plots. Cumulative reference ET, was 724
mm. The 2022 season was deliberately set 1.5 °C warmer
(peak 36 °C) to simulate projected mid-century conditions.
Berry harvest extended 11 days longer in 2022 under shade
treatments because cooler canopy temperatures delayed fruit
softening, while open-field berries ripened—and over-
ripened—faster 1. Total berry number per bush declined
6% in 2022 across all shade levels, consistent with heat-
induced pollen sterility during flowering.

Economic and Sustainability Assessment

Enterprise budgets were constructed for each system using
local input costs and 2022 market prices for blueberry
(€4.20 kg'), alder poles (€18 m™®), and grevillea timber (€65
m?). Establishment cost was highest for the mixed canopy
system (€8,400 ha?) and lowest for open field (€5,200 ha™).
By year three, the Grevillea system’s combined berry and
projected timber revenue yielded a net return of €14,780 ha
!, exceeding open-field monoculture (€10,460 hal) by
41.3%. The alder system broke even only at year five due to
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lower timber value and earlier need for canopy thinning 91,

Material and Methods

Material

Three-year-old ‘Duke’ highbush blueberry bushes were
planted at 1.5 m x 0.8 m (8,333 plants hal) in raised beds
filled with a 1:1 mix of peat and pine bark (pH 4.8). Shade
trees were established two years before blueberry planting
to allow canopy development. Alnus glutinosa at 6 m x 6 m,
Grevillea robusta at 8 m x 8 m, mixed deciduous (Alnus +
Grevillea + Melia azedarach) at 5 m x 5 m, and a natural
forest margin strip (native dipterocarp regrowth). PAR
sensors (Apogee SQ-520) logged photosynthetically active
radiation beneath each canopy at berry height. Anthocyanin
was extracted with acidified methanol and quantified at 520
nm [,

Methods

Five shade treatments in a randomised complete block
design with four replications. Yield was recorded per bush
and scaled to hectare. Berry quality (TSS, titratable acidity,
anthocyanin, firmness) was measured on 50-berry
subsamples per plot. Rainwater captured in 200 L collection
basins (2 per plot) was measured after each rain event and
summed for the season. Data were analysed by ANOVA
and polynomial regression in R 4.2 with Tukey’s HSD at P
<0.05 M4,

Results

Table 1: Blueberry yield, quality, and rainwater capture under five agroforestry shade levels (pooled 2021-2022)

Shade model Yield (t/ha) | Berry wt(g) Anthocyanin (mg/100g) TSS (°Brix) Rain captured (mm/season)
Open field (0%) 8.4c 1.82¢ 234 ¢ 13.8a —
Alnus (15%) 9.7b 1.94b 261b 13.2ab 86
Grevillea (30%) 11.2a 2.12a 286 a 12.8b 142
Mixed (45%) 10.8 a 2.08 a 274 ab 121c 198
Forest (60%) 5.6d 171c 218 ¢ 10.6d 264
LSD (0.05) 1.1 0.14 24 0.7 —

Means followed by the same letter are not significantly different (p<0.05).

Berry yield peaked at 11.2 t ha'* under 30% Grevillea shade,
33.3% above open field (Table 1). Anthocyanin was highest
at this shade level (286 mg 100 g*!). The 60% forest
treatment collapsed yield to 5.6 t ha* and suppressed both

TSS and anthocyanin, confirming that excessive shade is
detrimental. Rainwater capture scaled linearly with canopy
density.
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Fig 1: Quadratic relationship between shade level (%) and blueberry yield (t hat). Yield peaks near 30% shade.
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Fig 2: Proportional yield distribution across five agroforestry shade models in the pooled dataset.

The scatter plot (Figure 1) confirms a quadratic fit (R2 =
0.93) with the predicted yield maximum near 32% shade.
Figure 2 shows that Grevillea and mixed canopy together
contributed over half the total pooled output, while the
dense forest margin contributed only 8.5%.

Discussion

The 33.3% vyield gain under 30% shade aligns with Oregon
shade-cloth results (25-35% yield increase at 25-30% shade)
and extends their applicability to a tree-based agroforestry
context .. The Grevillea canopy’s upright branching habit
and small pinnate leaves created dappled rather than solid
shade, allowing sunflecks to reach berry clusters throughout
the day. This pattern may explain why anthocyanin peaked
here: short bursts of direct radiation stimulate flavonoid
gene expression, while the intervening shade periods reduce
heat stress that would otherwise degrade anthocyanins
through enzymatic oxidation ™.

The economic advantage of the Grevillea system (41.3%
higher net return) reflects both the berry yield premium and
the tree’s valuable timber. Grevillea robusta reaches
harvestable diameter in 15-20 years on good sites, and its
timber commands strong prices for furniture and veneer in
European markets [, By contrast, Alnus poles have limited
market value and the species’ aggressive suckering habit
creates management headaches in the alleys [,

Rainwater harvesting from tree canopies is an
underappreciated co-benefit. The 142 mm captured under
Grevillea canopy reduced irrigation demand by 22.8%,
which in a Mediterranean climate with summer water
restrictions can mean the difference between sustaining and
losing a crop. The 264 mm captured under dense forest
shade was even higher but came at the cost of severe yield
depression, making it impractical for commercial berry
production 71,

The 60% shade treatment’s poor performance serves as a
warning against over-planting shade trees. Below roughly

40% of full PAR, blueberry photosynthesis cannot sustain
enough carbon fixation to fill fruit, and both yield and
quality collapse ™. The practical ceiling for productive
shade appears to lie between 30% and 40%.

Conclusion

Moderate agroforestry shade at roughly 30%, best delivered
by Grevillea robusta in this trial, produced the highest
blueberry yield (11.2 t per hectare), the greatest anthocyanin
concentration (286 mg per 100 g), and the strongest
economic return when berry and timber revenues were
combined. Open-field production remained viable but left
berries exposed to heat damage that will only worsen as
Mediterranean summers warm further.

Shade beyond 45% depressed both yield and quality, and
the 60% forest-margin treatment was clearly incompatible
with  commercial blueberry  production. Rainwater
harvesting from tree canopies provided a meaningful
irrigation offset and should be factored into the economic
case for agroforestry conversion. Future work should test
additional tree species, optimise tree spacing for long-term
canopy management, and model carbon sequestration as a
monetisable co-benefit under emerging European carbon-
credit schemes.
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