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Abstract In Western Africa, interactions between

trees and agricultural crops are a key element in

determining parkland management in an agricultural

environment that is rapidly changing. Eggplant

(Solanum melongena), chilli pepper (Capsicum

annuum), taro (Colocasia esculenta) and pearl millet

(Pennisetum glaucum) were tested for their shade

tolerance under Parkia biglobosa trees in south-

central Burkina Faso using a split-plot design. Soil

characteristics, chlorophyll fluorescence and crop

growth and yield were measured to quantify the

effect of P. biglobosa on the crops and their

environment. The experiment ran during 2 years.

P. biglobosa suppressed the vegetative growth and

yield of pearl millet in both years. Eggplant and chilli

pepper were severely injured by the rains and

produced fruits only during the first year. Eggplant

yields were suppressed by trees to between one third

and one tenth of the yield in the control plots.

However, chilli pepper yields increased by up to

150% when grown under the tree canopy compared to

the control. In both years, the vegetative growth and

yield of taro was higher when grown in the shade

than outside the tree canopy.

Keywords Capsicum annuum � Colocasia

esculenta � Solanum melongena � Tree-crop-

interactions � Tree-crop-soil interactions

Introduction

Production of annual crops in sub-Saharan Africa is

often practiced in parkland agroforestry systems

where scattered trees create a permanent open upper

storey (Nair 1993). These trees are rarely planted and

were often left standing when the original woodlands

were cleared (Gijsbers et al. 1994). Parkia biglobosa

(Jacq.) Benth is one of the dominant multipurpose

species of the West African parklands (Boffa 1999).

This species grows best where annual rainfall is

between 600 and 1200 mm (Boffa 1999), is found in

savannah zones, and has a natural distribution

ranging from 5�N to 15�N and 16�W to 32�E

(Hopkins and White 1984). P. biglobosa, known
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locally as néré and in English as the African locust

bean, is a member of the leguminosæ but shows no

evidence of nodulation and nitrogen fixation

(Tomlinson et al. 1995). It is a deciduous tree which

grows to heights of 7–20 m and has a wide crown

extending outwards from the bole by up to 10 m

(FAO 1988). Its extensive root system may extend up

to 60 m from the trunk (Jonsson 1995) and the lateral

roots may cover an area eight times greater than that

of the crown (Tomlinson et al. 1995). One of its most

important products is its 15–25 cm long pods (FAO

1988). The seeds have a hard testa and can be fermented

to produce ‘‘soumbala’’, a black and strong smelling

proteinaceous food consumed as a spicy seasoning for

local dishes (Boffa 1999; Teklehainmanot 2004). The

making and selling of ‘‘soumbala’’ is one of the few

activities widely practiced by women to provide cash

income (Gausset et al. 2005).

Several authors have reported a decrease in tree

densities during the past few decades in some

agricultural areas of the Sahel region and low

regeneration in parklands (Lericollais 1989; Gijsbers

et al. 1994). Interactions between trees and associated

crops appear likely to influence farmers’ management

of tree densities in parklands, although a range of

socio-economic, biological and policy factors may

also influence management (Boffa 1999; Boffa et al.

2000). The major crops associated with P. biglobosa

are sorghum (Sorghum bicolor) and pearl millet

(Pennisetum glaucum) (Boffa et al. 2000). Most

studies on the effect of néré on cereal crops have

shown that production is reduced when crops are

grown under trees compared to open fields (Kessler

1992; Kater et al. 1992; Wilson et al. 1998). This

depressive influence of trees was attributed to

reduced light intensity and increased atmospheric

humidity and soil water content. While most previous

studies have concentrated on common cereal crops,

the available information on the interaction between

parkland species and other annual crops is scarce.

However, many other species, for example large

leafed vegetables and root crops, have been suggested

as being suitable alternative under storey crops (Kater

et al. 1992; Teklehainmanot 2004) due to their

relative shade tolerance and high soil fertility and

moisture requirements (Kessler 1992; Kater et al.

1992). The objective of this paper is to assess the

effects of P. biglobosa on the growth and yield of

P. glaucum and three food crop species, Solanum

melongena (eggplant), Capsicum annuum (chilli

pepper) and the tuber crop Colocasia esculenta

(taro). We hypothesized that the three latter crops

would have shade-tolerant properties and perform

better under P. biglobosa than P. glaucum.

Materials and methods

Study site

The study was carried out over a two year period

(2006–2007) in the parklands of Nobéré (11�300N
and 1�500W), a town of ca. 2500 inhabitants located

113 km south of Ouagadougou, Burkina Faso, at an

altitude of 300 m.a.s.l. The parklands of Nobéré are

typical of sub-Saharan Africa as they are dominated

by P. biglobosa and Vitellaria paradoxa. The rainfall

is unimodal with an average annual total of 500–

900 mm. Annual rainfall for 2006 and 2007 was,

respectively, 843 and 946 mm, and was greatest

between June and September (Fig. 1).

Trees

Six mature P. biglobosa trees were selected for the

experiment in 2006 (Table 1), but only five of these

could be used in 2007, due to lack of agreement with

the tree owner. Selection was based on their position

relative to other trees to ensure that no nearby trees

could shade them. The trees were growing in a 1 km2

zone situated 6.4 km West of Nobéré. The fields

under the trees had been left fallow for 2 years,

Fig. 1 Rainfall during 2006 and 2007 at Nobéré in Burkina

Faso, West Africa
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before which they had been under maize, sorghum,

millet or cotton cultivation. The site was flat, and the

soil had no sharp texture change across the site.

Crops

Four food crop species were included in the exper-

iment based on interviews intended to identify plants

considered as shade tolerant by ten farmers in

Nobéré. The following crops were particularly men-

tioned as shade tolerant; the number of respondents

mentioning specific crops is shown in parenthesis:

Solanum melongena (eggplant) (5), Capsicum annu-

um (chilli pepper) (7) and Colocasia esculenta (taro)

(7). These crops were selected for study. Pennisetum

glaucum (pearl millet) was also selected as a control

for comparison with the other crops.

Eggplant and chilli pepper were sown in May

(2006 and 2007) in a plant nursery in Nobéré, and

transplanted to the field at the beginning of July 2006

and mid-July 2007. Pearl millet seeds and taro tubers

were sown directly in the field in July in both years.

Table 2 gives details of the cultivation practices

used. All treatments to which crops were subjected

corresponded to local cultivation practices. Cultiva-

tion practices were less intensive during 2007 than

2006.

Taro seedlings emerged ca. 14 days after sowing,

while pearl millet seedlings emerged ca. 7 days after

sowing. Pesticide (Deltamethrin at approximately

25 g a.i/ha) was applied to eggplants, at 2 week

intervals between the end of July and mid-September.

Weeding was done by hand for all crops.

Experimental design

Measurements of crop performance and nutrient

status were made under the crown of all selected

trees. The area under each tree was subdivided into

three concentric zones:

Zone A from the trunk to half of the crown

projection radius;

Zone B from half of the crown projection radius to

the edge of the crown projection;

Zone C from the edge of the crown projection to a

distance of 3 m

Unshaded control plots (8 9 8 m) were planted at

least 40 m from the edge of the crown of all sampled

trees and any other trees. The area under the tree

crowns and within the control plots was further

divided into quarters to allow crops to be grown in a

split-plot design (Fig. 2).

Crop growth and yield

The following measurements were made in each

concentric zone for all crops: weekly counts of

Table 1 Characteristics of P. biglobosa trees selected for the study in 2006 (n = 6) at Nobéré in Burkina Faso, West Africa

Height (m) Trunk diameter at breast height (cm) Crown diameter (m) Crown projection area (m2)

Mean ± SE 10.5 ± 0.15 67 ± 3 20.3 ± 0.3 327 ± 10.5

Max 11.6 95 22.9 413

Min 9.0 45 17.6 243

Table 2 Crop cultivation practices in experimental fields at Nobéré in Burkina Faso, West Africa

Crop Crop density

(Plants m2)

Amendments applied (2006) (kg ha-1) Amendments applied (2007) (kg ha-1)

Eggplant 2.1 N–P–K (15–20–15), 400 kg ha-1 at second

weeding

Urea (46%), 200 kg ha-1 at flowering

N–P–K (15–20–15), 400 kg ha-1 at

second weeding

Chilli pepper 3.1 Goat, sheep and cow manure, 2400 kg ha-1

N–P–K (15–20–15), 200 kg ha-1 at flowering

–

Taro 6.7 N–P–K (15–20–15), 400 kg ha-1 at second weeding N–P–K (15–20–15), 400 kg ha-1 at

second weeding

Pearl millet 8.9 – –
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(1) leaf number per plant and (2) plant height from

the ground to the highest leaf for four randomly

selected plants for each concentric zone and crop

species; and (3) total weight (fresh) of harvested fruit

or pearl millet panicles for all plants in 2.25 m2

quadrats in each concentric zone. Yield data were not

collected for chilli pepper and eggplant in 2007

because fruit production was negligible. The lower

yields in 2007 could be attributed to the high rainfall

amounts received in August which led to a slower

growth for pearl millet and taro, as well as flower

shedding for chilli pepper and eggplant, along with

fruit rot for eggplant.

Soil properties

Soil samples were taken at depths of 0–10, 10–20,

20–30, 30–40 and 40–50 cm in October 2006 under

each tree canopy for each concentric zone. Due to

budget limitations, samples were pooled for specific

concentric zones, giving a total of 20 samples for

analysis, i.e. one for each soil depth in each

concentric zone and control plots. The samples were

air-dried prior to chemical analyses at the Bureau

National des Sols (BUNASOLS) laboratories in

Ouagadougou. Soil texture was determined using

the Bouyoucos method (Day 1965). Total soil N was

measured by the Kjedahl method and total P was

determined by acid mineralization (Houba et al.

1985). Total C and organic matter levels were

analysed using the Walkley–Black method (Allison

1965) and Ca and Mg levels were determined by

silver thiourea extractions (Pleysier and Juo 1980).

pH (water and KCl) was measured with a pH-meter

equipped with a glass electrode (WTW InoLab,

Weilheim, Germany) in slurries formed from a ratio

of 1 g soil to 2.5 ml water (Peech, 1965).

Chlorophyll fluorescence

Measurements of F0, the initial fluorescence of dark

adapted leaves, and FM, the maximum fluorescence

of light adapted leaves were made using a Mini-PAM

with leaf clip holders (Heinz Walz GmBH, Effeltrich,

Germany). In 2006, three plants for each concentric

zone and control plot were randomly selected for

three randomly chosen trees, giving a total of 36

samples for each crop. Measurements were made on

three occasions during the growing season (31

August, 6 October and 14 October 2006) between

0900 and 1100 h local time. In 2007, two plants per

concentric zone and control plot were randomly

selected for two randomly chosen trees, giving a total

of 18 plant samples for each crop. Measurements

were made at 0900, 1000, 1100 and 1700 h local time

on 21 September 2007. All measurements were made

following dark adaptation for 45 min and the max-

imum quantum yield of PSII photochemistry UP0

was calculated as (Roháček 2002):

UP0 ¼ FV=FM ¼ ðFM� F0Þ=FM ð1Þ

where FV is the variable fluorescence (FV = FM -

F0).

Fig. 2 Schematic

representation of the

experimental design around

the tree trunk at Nobéré in

Burkina Faso, West Africa.

A square plot (8 9 8 m)

remote from the trees was

included as an unshaded
control
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Statistical analysis

Data were analyzed using SAS version 9.1 software.

Differences between treatments for all variables

examined were tested using ANOVA General Linear

Model (GLM) regression with Tukey’s corrections

for comparison of means. Data for the different crops

and years were analyzed separately and all analyses

were performed using plot mean values. The linear

models were:

Yijk ¼ lþ ai þ bj þ dðkÞ þ eijk ð2Þ

where Yijk represents the mean value for plant height,

leaf number, or yield for each crop, l is the general

mean, ai is the fixed effect of the cardinal direction in

which the crop was grown, bj is the fixed effect of the

‘‘zone’’ in which the crop was grown, d(k) is the

random effect of the tree, given that d(k) and eijks are

normal with mean 0 and variance r2 and rtree
2 and all

d(k) and eijks values are independent. In all cases, the

fixed effect of cardinal direction was found to be

statistically insignificant.

The following model was used for the chlorophyll

fluorescence measurements:

Yijk ¼ lþ ui þ bj þ hij þ dðkÞ þ eijk ð3Þ

where Yijk is the mean value for chlorophyll fluores-

cence, l is the general mean, ui is the fixed effect of

crop, bj is the fixed effect of the ‘‘zone’’ in which

the crop was grown, hij is the fixed effect of the

interaction between crop and zone, dk is the random

effect of tree, given that d(k) and eijks are normal with

mean 0 and variance r2 and rtree
2 and all d(k) and eijks

values are independent.

Model validation was carried out using residual

plots and statistical significance was set at P \ 0.05.

Results

Growth and yield varied considerably between the

two seasons. Whereas 2006 could be characterized as

a normal year, 2007 experienced heavy rainfall in

August which caused flooding in some parts of the

village. This was reflected by crop yields, which were

much higher in 2006 than in 2007.

Crop height and leaf number

The different growth conditions in the 2 years were

also reflected by plant heights for pearl millet and

eggplant and leaf numbers per plant for all crops

measured ca. 110 days after sowing (DAS), as the

values for both variables were much smaller in 2007

than in 2006 (Table 3). The differences in height and

leaf number between pearl millet growing close to

and further away from tree boles were statistically

significant. In 2006, mean plant height in zone A was

50 cm less than in control plots (P \ 0.0001), while

in 2007, the tallest plants were in zone C and the

control plot, being 46 cm taller than in zone A

(P = 0.0002). Differences in leaf number between

zones were not significant (Table 3). The opposite

trend was found for taro as mean plant height was

14 cm (2006) and 16 cm (2007) greater in zone A

than in the control plots (P \ 0.0001). Leaf number

for taro plants growing closest to the trunk was 15%

greater than outside the tree canopy in 2006

(P \ 0.0001).

At ca. 110 days after transplanting, mean plant

height for chilli pepper plants in zone A was 8 cm

(2006) and 14 cm (2007) greater than in the control

treatment (P \ 0.0001). Leaf number for control

plants was 107% greater than in zone A in 2006

(P \ 0.0001). However, the opposite trend was found

in 2007 when plants in zone A had 200% more leaves

than control plants (P = 0.0008). Eggplant height

also varied between zones, although the trend

differed between years. In 2006, mean height in zone

A was 13 cm less than in control plots (P \ 0.0001),

whereas in 2007, mean plant height in zone A was

11 cm greater than in control plots (P \ 0.0001). In

2006, mean leaf number in the control plots was

102% greater than in zone A (P \ 0.0001), whereas

in 2007, leaf numbers in zones B and C were only

half that of control plants (P = 0.0011).

Crop yield

In both years, yields for pearl millet were signifi-

cantly higher in control plots and zone C than in

zones situated closer to the trunk (Table 3). In the

zone closest to the trunks, yield was less than a third

of that for control plants and was ca. 10% of the

control value in 2007 (P \ 0.0001).
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The yields of chilli pepper and eggplants were

almost zero in 2007 and were not recorded. However,

in 2006, eggplant resembled pearl millet in that the

total weight of fruits harvested close to the trees was

lower than in the control plots (P = 0.0001). By

contrast, a considerable increase in fruit production

was obtained when chilli pepper was grown as an

under storey crop in 2006 (Table 3). Fruit yield in

zones A and B was higher than in zone C and the

control plots (P = 0.0001). Similarly, taro produced

higher yields in zones A and B in both years and

values close to the trunk were approximately double

those outside the tree canopy (P = 0.0049 in 2006

and P = 0.0040 in 2007).

Chlorophyll fluorescence

For all crops, the maximum quantum yield of PSII

photochemistry (Fv/Fm = UP0) was significantly

higher under the tree canopies than in the open

(Fig. 3). A similar trend was observed in 2007 for

taro (P \ 0.01), eggplant (P \ 0.01) and millet

(P \ 0.01) but not for chilli pepper, for which the

differences were not significant (data not presented).

The difference in maximum quantum yield between

the four crops was also significant (P \ 0.0001), with

eggplant having the highest average value (0.54),

followed by chilli pepper (0.49), taro (0.48) and pearl

millet (0.41). The differences in UP0 between chilli

Table 3 Crop height (cm) and crop leaf number at the end of the growing season, and cumulative crop yield (g m-2) at Nobéré in

Burkina Faso, West Africa

Measurement Crop Year Zone means P-value

A B C Control

Crop height (cm) Pearl millet 2006 160a 211b 196b 210b \0.0001

2007 73a 86a 119b 119b 0.0002

Taro 2006 36d 28c 17a 22b \0.0001

2007 40b 41b 28a 24a \0.0001

Chilli pepper 2006 36b 29a 27a 28a \0.0001

2007 34b 29b 30b 20a \0.0001

Eggplant 2006 43a 51b 45a 56b \0.0001

2007 35b 31ab 25a 24a \0.0001

Crop leaf number Pearl millet 2006 12 12 11 11 0.3506

2007 6 6 6 7 0.0002

Taro 2006 5.3b 5.1b 4.6a 4.6a \0.0001

2007 1.1 1.1 1.1 1.0 0.2910

Chilli pepper 2006 97a 106a 107a 201b \0.0001

2007 15b 12b 13b 5a 0.0008

Eggplant 2006 41a 61a 60a 83b \0.0001

2007 7ab 5a 5a 10b 0.0011

Crop yield (g m-2) Pearl millet 2006 37a 86bc 80b 115c 0.0001

2007 8a 24a 66b 71b \0.0001

Taro 2006 467b 323b 166a 236a 0.0049

2007 204ab 213b 78a 57a 0.0040

Chilli pepper 2006 30b 40b 23a 16a 0.0001

2007 – – – – –

Eggplant 2006 61a 238a 293a 685b 0.0001

2007 – – – – –

a Values from the same row bearing different superscripts are statistically different
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pepper, taro and millet were not significant.

Measurements taken at different times on the same

day in 2007 showed no significant effect of time on

chlorophyll fluorescence for any of the crops.

Soil chemical properties and soil organic matter

The presence of P. biglobosa seemed to influence soil

properties (Fig. 4). Soil organic matter content (B),

total soil N(C) and total P(D) content all tended to be

higher in the topsoil of Zones A and B than in Zone C

and the control plots. Total P content in deeper

horizons (25–50 cm) and total K (E) content did not

vary between concentric zones. Soil pH (A) became

more acidic with increasing distance from the tree

trunks. However, firm conclusions are difficult to

draw as these analyses were not replicated due to

financial constraints.

Discussion and conclusion

In the Sahelian countries trees in fields are generally

associated with higher soil fertility, higher soil water

content and lower soil temperatures under the trees

(see Breman and Kessler 1995 and Boffa 1999 for

reviews). However, under semi-arid tropical condi-

tions the effect of trees on associated crops is often

negative. C4 plants, especially, including many

tropical cereal crops, tend to have poor performance

under tree shade (Kessler 1992, Boffa et al. 2000,

Bayala et al. 2002, Ong et al. 2002), despite their

Fig. 3 Maximum quantum yield of PSII photochemistry (Fv/

Fm) of crops in 2006 as a function of the concentric zones

around individual trees and in control plots at Nobéré in

Burkina Faso, West Africa. Error bars represent single

standard errors of the mean; values with different letters in

the same graph are significantly different (P \ 0.05)
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ability to perform well in high temperatures (e.g.

Pearcy et al. 1981, Ehleringer and Pearcy 1983).

Even though millet yields in the Sahel are limited by

a lack of nutrients (especially P and N, e.g. Fofana

et al. 2008), the favorable soil fertility is not reflected

by higher yields. In our study, the productivity of

Fig. 4 Soil pH (water), soil organic matter (%), soil total N (%), total P, and total K as a function of soil depth for each concentric

zone at Nobéré in Burkina Faso, West Africa
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pearl millet was negatively affected when grown

under P. biglobosa, as yields were decreased by up to

68% in 2006 and 89% in 2007 relative to control

plants. This is comparable to results obtained by

Maı̈ga (1987), Kessler (1992) and Sanou et al. (2011)

(64, 70 and 46%, respectively).

Interactions between C3 crops and trees in the Sahel

have been less intensively studied. Photosynthetic

responses of C3 plants to low irradiation may not

necessarily be different from C4 plants (Ehleringer and

Pearcy 1983, Pearcy and Calkin 1983), but C3 plants

display a wider variation in their responses to sun

exposure and high temperatures. In our study, we

observed contrasting results between the three C3 crop

types. Eggplant productivity decreased by up to 91%

when grown close to trees, while chilli pepper yields in

zones A and B were, respectively, 88 and 150% higher

than in control plots in 2006. Similar to chilli pepper,

taro yields obtained under the tree canopies were one to

three times greater than in the control plots, consistent

with results obtained by Ceasar (1980), Valenzuela

et al. (1991) and Sanou et al. (2011), who reported that

tuber dry weight in taro increased with decreasing light

intensity.

Eggplant is believed to be of African origin but has

undergone domestication in Asia (Daunay et al.

2001). Its presumed wild relative, S. incanum L., is a

shrub found in dry to moist savannas in Africa

(e.g. Gianoli and Hannunen 2000). Although shaded

eggplant leaves show acclimation to low light

conditions (Rosati et al. 2001), Uzun (2007) found

decreasing yields at low light levels. The yield of

tomato, a species closely related to eggplant, was also

reported to decrease with decreasing light intensity

(Dorais et al. 1991; Cockshull et al. 1992), and

whether eggplant is truly a shade tolerant species is

still widely debated. Chilli pepper originates from

semi-deciduous forests in Mesoamerica, which is also

where the first domestication took place (Aguilar-

Melendez et al. 2009). We have not found references

to the impact of shade on chilli pepper yields, but in a

study on bell pepper (Capsicum annuum var. annu-

um) Roberts and Anderson (1994) found that yields

increased when plants were moderately shaded.

Jaimez and Rada (2006) grew the related sweet

pepper (Capsicum chinense) in 40% shade in a humid

tropical region and concluded that this species can be

grown in partial shade. Finally, taro is believed to be

of tropical rainforest origin and was probably first

domesticated in Papua New Guinea (Denham et al.

2003). Its shade tolerance is therefore not surprising.

Johnston and Onwueme (1998) concluded that,

among five major tropical tuber crops, cocoyam

(Xanthosoma sagittifolium) and taro were particularly

well adapted to shade. They also found that leaves of

taro grown in shade were larger and thinner than

when cultivated in full sun (Onwueme and Johnston

2000); in our study, taro grown under trees produced

an greater number of leaves. It thus seems that C3

plant reactions to shade, to some degree, reflect their

role in natural ecosystems.

A major factor determining the impact of trees on

associated crops appears to be competition for

resources between crops and trees. Bayala et al.

(2008) found that pruning of Parkia biglobosa and

Vitellaria paradoxa increased yields of the cereals

underneath considerably, indicating that release from

competition would boost yields. A central question is

whether above-ground or below-ground competition

is the cause for the depressed yields. In another study

from Burkina Faso, millet yields were positively

correlated with light availability under the tree

(Sanou et al. 2011). Unfortunately, analysis of the

impact of trees on crops is complicated by covaria-

tion between environmental variables under the tree

(e.g. Breman and Kessler 1995). Other negative

influences of trees on associated crops may include

competition for nutrients and water (Ong et al. 2002),

though competition during the rainy season may be to

the advantage of the crops as they develop a more

intensive root system in the upper soil layers than the

trees (Breman and Kessler 1995). Modeling indicates

that a lack of light could, indeed, be responsible for

reduced yields under trees (Bayala et al. 2007), but it

is probable that different factors will be limiting

in different environments (cf. Breman and Kessler

1995).

Plants adapted to shade usually have a low light

compensation point, making them photosynthetically

efficient in shade, but they tend to be less efficient

when exposed to higher light levels (Kubiske and

Pregitzer 1996). Shade adapted plants may even be

harmed by high light levels and photoinhibition

(Demmig-Adams and Adams 1992). Therefore we

hypothesized that shade tolerant plants would be

more photoinhibited than light demanding crops, and

tested this by chlorophyll fluorescence measurements.

The Fv/Fm ratio is correlated with the quantum yield
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of photochemistry in photosystem II (PSII) (Hormann

et al. 1994), and in the dark-adapted state it is

interpreted as the maximum photochemical yield of

PSII (Baker 2008). For non-stressed plants, the ratio

is relatively stable at 0.83 for a wide range of species

(Björkman and Demmig 1987). In our study, average

values were significantly below this value, indicating

that plants in all zones were stressed (Baker 2008).

The results also showed that all crop species exam-

ined tended to react in the same way, having

relatively high Fv/Fm values under the canopy and

low values outside. This indicates that plants were

less photochemically stressed under the tree canopy

than outside, and suggests a reduction in the potential

activity of PSII and a decrease in the conversion

efficiency of incident light outside the tree canopy.

Despite being a C4 plant adapted to high irradiance

and temperature, pearl millet reacted similarly to the

other species and had a low Fv/Fm outside trees.

Masojı́dek et al. (1991) also found a decrease in Fv/

Fm in pearl millet plants subjected to high irradiance,

particularly when the plants were drought stressed. It

is possible that nutrient availability, high tempera-

tures and water stress may limit photosynthesis

outside the canopy, resulting in a similar photoinhi-

bition of all crops (Demmig-Adams and Adams 1992;

Vandenbelt and Williams 1992; Tomlinson et al.

1995; Boffa et al. 2000; Lott et al. 2009). This could

be resolved by variation of fertilisation and irrigation

in new tree/crop interaction experiments.

Our results indicate that taro may be suitable for

cultivation under P. biglobosa, and that the micro-

environment under P. biglobosa trees is suitable for

producing high yields by certain adapted crops.

Another crop with potential for cultivation under

P. biglobosa may be chilli pepper, but it is too early

to draw even preliminary conclusions based on yields

from one season only. In any case, further testing of

both species at other sites is desirable, in particular

because of the large variation in yields from year to

year. However, decisions on tree and crop combina-

tions and planting density in parklands are seldom

based on biological productivity itself, but are also

influenced by farmers’ perceptions (Boffa et al.

2000). Based on results from this experiment, the

use of eggplant as an under storey crop at Nobéré is

questionable due to the observed yield decrease under

tree canopy. Eggplant is, however, widely grown in

the study area, both under trees and in open areas, and

the fact that it has a very well established market is an

important factor in making it an attractive crop for

local farmers. Nonetheless, we cannot explain why

farmers perceive it as drought tolerant.

Mertz et al. (2001) showed that the consumption of

cultivated vegetables in southeastern Burkina Faso is

based on a narrow range of species. This should also

result in a limited array of crop choice for farmers.

Extension services in Burkina Faso do not incorpo-

rate vegetables in their programs to a significant

extent (Mertz et al. 2001) but, based on results

presented here, we argue that promotion of crops

such as taro for cultivation under P. biglobosa could

increase agricultural production and thus improve the

livelihoods of the local population.
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Pelissier et Gilles Sautter. ORSTOM, Paris, pp 87–197

Lott JE, Ong CK, Black CR (2009) Understorey microclimate

and crop performance in a Grevillea robusta-based

agroforestry system in semi-arid Kenya. Agric For

Meteorol 149:1140–1151

Maı̈ga A (1987) L’arbre dans les systèmes agroforestiers tra-
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