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ABSTRACT

The species of the genus Piliostigma despite énedfianthropisation they face, still mark the agmarlandscape of
Burkina Faso. This study aims to seize the diffenendes of adaptation in situ, the root systempefcies of the
genus Piliostigma, so as to understand their medmarof optimal adaptation. For this, the countrysadivided

into transect zones going from the sub-Saheliamsme the north to the sudanian ones in the sdutlthese areas
clusters Piliostigma reticulatum and / or Piliostig thonningii aged 25 to 30 years were studied. Each

Piliostigma population considered, a soil profilasvdeveloped to determine the depth of the saildiffierent soil
horizons, and the morphology of the main root. Th#mroots were carefully exposed taking into aatbthe

distribution of the soil horizons. Piliostigma’sabsystem does not depend on the phytogeographieal The
species of the genus Piliostigma have a twirlingtreystem that adjusts to different types of stilshallow soils
(0-40 cm), the main root, strongly tuberous, tuim® lateral roots in contact with the armor. In derately deep
soils (0-40/60 cm), this root divides into a pitmtkf that anchors itself in the armor. With theskoBtigma species,
strong lateral roots develop at the second horiadrile 60% of fine roots grow at the upper horizémaddition,

the volume of soil explored by Piliostigma’s rogistem is more important in the North-sudanian zane

significantly different from other climatic zon@hese characteristics explain the adaptability dioBtigma to the
arid climate of Burkina Faso.

Key words: Piliostigma reticulatumPiliostigma thonningii main root, lateral root, soil, phytogeographizahe.

INTRODUCTION

Globally, woody formations experience a strong eopibgenic pressure due to the increasing of theepaaral
population [1, 2]. In Burkina Faso, many researcbrks have shown that woody formations experience a
considerable degradation due to the combined effieclimatic factors and of the various usages obw|3, 4, 5,
6]. This environmental degradation can be explaingdhe importance of woody species to the survofaiural
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dwellers. This fact is due to the nutritive cariseof some non-woody products retrieved from tiees shrubs.
Trees play an important role in the survival styas of rural populations who face long years afugght [7]. For
many authors, the lack of knowledge on the requérs of woody species partly explains the degradaif the
woody cover [8, 4, 9]. Because access to the byréetiof woody species is difficult, it remains asfehe elements
of plant least studied. Yet, the root system deigesthe settlement and development of wood inresir@nment
subject to multiple assaults and in a context aghatic aridity. Piliostigma species, pioneer in tleeovery of
degraded lands [1], induce the emergence and egistef many species in fallow. Under the canopgpecies of
the genus Piliostigma’s , there are favorable domth for the emergence of a strong floristic déigr[10]. As a
species with a high capacity for carbon sequestrdfil], these species are still abundant in seidiaea despite
the decline of other many woody species [1]. They gregarious species present on any type of $8]l [Their
modes of underground adaptation remain fairly knowowadays, with the effects of climate aridity,eth
competitiveness of the root system is a major asg@iomoting plant species. It is in this contthdt this study was
initiated to determine the mechanisms of Piliosigraot adaptation, in order to allow its better rappiation by
populations in the agro-pasture systems.

Soil sampling sites

TITAO

Thioulaye (Site 1)

Gompossom (Site

e Sampling sites
e Province location
|:| Study area
Province boundary
- Southern soudanian zone
0 Northern soudanian zone
Zone sub sahelian zone
Sahelian zone

70 o 70 Kilometers

Figure 1: Localization of study’s sites
MATERIALS AND METHODS

Study area

The research area stretches across the latitude8010 and 14° 30 'N and the longitudes 1° 30'W ahd®7'wW
(Figure 1). At all sites, the vegetation is strgnggtasonal and virtually all woody species arediemis; most herbs
are either annual or die back to the ground eaglselson. The altitude of most sites was moderatenas about
300 m a. s. |. Phyto-geographically; the study ayees through North and South in the following sex{13]. The
North part of our study zone, which comprises tlaeyiga and Passoré provinces, is subject to a Bot&khelian
Climate. Rainfall is scarce and irregular with aerage annual rainfall ranging between 600 — 700 irime central
part of our study zone, the Bulkiemde provincesubject to a North-Soudanian zone with an averagea rainfall
ranging from 600-900 mm. The Southern part, compyiZiro and Sissili, has a South-Soudanian clintgbe with
an average annual rainfall above 900 mm (Figurd 2. rainy season lasts 6 to 7 months. From Nor®otuth, the
number of rainy days goes from 89 to 166 days [14].
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Figure 2: Ombrothermic charts, from 1987 to 2007 irb meteorological stations in our study area

The vegetation is characterized by tiger bushestt@rned vegetation formation that consists @fraliting bands of
trees or shrubs, separated by bare ground or lokvdwver, which is typical of the sahelian clima®atchy shrub
savannah are encountered on a large part of tbisrseone in which species in the Combretaceaevintbsaceae
families dominate the woody vegetation; the herbasevegetation is dominated by Poaceae. The comvoody
species ar€ombretum spp, Acacia spp and Piliostigma retiautatLand use system consists of fallow lands and
mainly traditional agro-forestry parklands with aahfood crops, where the common woody specied/dedlaria
paradoxa Parkia biglobosa Lannea microcarpa Combretum sppand Diospyros mespiliformisThe North-
Sudanian sector has a mean annual rainfall rangétgeen 600 — 900 mm with the number of rainy dags
annum ranging between 50 and 70. The South-Sudaeietor has a mean annual rainfall ranging betvé&én—
900 mm and the number of rainy days per annum ttvé® and 80. In the North-Sudanian and South-Sadan
sectors more than 90% of the soils encounteredwashed or impoverished tropical ferruginous soilbe
vegetation is of the Sudanian Savannah type, ctaized by the coexistence of trees and grasses.natural
vegetation mostly comprises dry forests and a mixtaf shrubs and trees of the savannah types petilgg above
7 m. There is also a tree savannah specific tedkith-soudanian climate and essentially constitafatees of 7 to
12 m. Much of the two Sudanian sectors is usedaaklgnds where useful trees are spared from cutang
sorghum, maize, millet or other crops are cultidaddeneath. Dominant tree species often belong toletaceae
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and Caesalpinioideae, some Acacia species arémapgmtant. The most common species afigellaria paradoxa,
Detarium microcarpuntGuill.and Perr.Parkia biglobosalLannea microcarpa, Acacia albida, Anogeissus leipaa
(DC.) Guill. & Perr.,Pterocarpus erinaceuPoir., Burkea africanaHook.F.,Isoberlinia dokaCraib. and Stapf.,
Tamarindus indicaCrosopteryx febrifuggAfz.ex G. Don) Benth.Adansonia digitataCombretum micranthum
and Piliostigma thonningii The dominant grass species are usually Andropegmnespecially the genera
Andropogon and Hyparrhenia, on shallow soils, ab agl oudetia and Aristida.

Sites selection

The existence of Riliostigmapopulation was a prerequisite to setting a sitpopulationof Piliostigma (Figure 3)
was defined by the relative dominance (canopy covB#o) of Piliostigmaspecies on at least 1 hectare. The sites
were chosen to represent the widest possible rahgfand conditions, mainly reflected by stand fuand density

of the speciesBy site of Piliostigma population, three feetRf reticulatumand / orP. thonningii(if one or two
species are present), were studied. The age osfgma population ranges between 20 and 25 years.

Choice of individuals

Individuals selected must not have been prunedy $heuld be as close as possible to each othdre(ifivo species
exist on the same site) and their crown should lthgesame size as possible. Adult, but not too ubjects were
chosen because of the importance of the root sydtethe subsahelian zone, 3 feetRfreticulatumhave been
studied, in north soudanian area, 4 feePothonningiiand 6 feet oP. reticulatumand in south soudanian area 3
feet of P. reticulatumand 5 feet oP. thonnigii Individuals choiced present a variability of destdetric parameters
(Table 1).

Table 1: Dendrometric Characteristics of plants chosed

Phytogeographic zones| Species Basal circumferencen) | Total heigh (cm) | Canopy (cm)
South soudanian P. reticulgturp 12.24+1.55 147.40+33.57 83.85+16.87
P. thonningii 10.87+1.64 154.08+19.07 93.40+25.75
North soudanian P. reticulatum 10.4+1.05 83.85+16.87 160.20+51.20
P. thonningii 11.7+ 4.56 93.40+25.75 123.50+27.73
Sub sahelian P. reticulatum 11.83+2.30 126.00+8.88 92.83+25.90

Soil and root profile

In a site, after choosing R.reticulatumor aP. thonningiiindividual, a soil pit is made under the trunkrajahe
main root, sparing all other roots encounteredyfédl). Quite often, in order to reach the extrgnoftthe taproot, a
crowbar is necessary because of the toughnesg obthk encountered.

The different layers of soil are identified andiththickness recorded (Figure 4). For the root ifgpthe excavation
method described by Bohm [15] and used by Gana®hvhs adapted. Lateral roots are exposed to phevith

great care, using a pick, and often hands. Thisioademeasures the rooting depth and the intensitpliization
of the soil by the root system of the woody [16].

Figure 3: Population of P. reticulatum in subsahelian zone

87
Pelagia Research Library



Barthélémy Yélémouet al Asian J. Plant Sci. Res., 2013, 3(6):84-94

Figure 4: Soil profile under P. reticulatum in sub sahelian zone

The root system hereby exposed is described fafigvgioil horizons, drawn, and the lateral roots tedirend

measured by horizon. The main root and the deptheotollar are also described and measuredrder to estimate
Piliostigma fine roots, 6 classes of depth weremdgined as follows: [0-20 cm], [20-40 cm], [40-66h]¢ [60-80

cm], [80 - 100 cm], [100-120 cm]. A 20 cl capacitylinder was used to take some piece of soil folhgathe

different classes and the depth of the soil. Bg<leonsidered, each sample was washed throughvea (8imm in

diameter). The fine roots obtained were counted,than oven-dried and weighed.

Dendrometric characteristics like the diameterhef great canopyhe diameter of the small canophe heightof
the foot, the diameter at the base of the stenteons the health and anthropisation state of the feere measured
before the excavation phase.

Data analysis

Data were recorded using Excel 2013. Drawings atbws to determine the various architectural tygfebe root
system of Piliostigma. The computation of the vodsnof soil explored by the roots allowed ugd&ierminethe
intensity of the root colonization. Different avges of root parameters were set according to tffereint
phytogeographical areas. Variance calculationsvaitbus to establish correlations between treegargmeters and
phytogeographical areas. The LSD tests were useddtermine the significance of variables in thdedént areas.
Significance levels were set at P <0.05. SPSS aerdD.0 and STATISTICA version 6.0 were used fog th
statistical analysis.

RESULTS AND DISCUSSION

Root morphology and soil texture
P. reticulatumandP. thonningij have an underground fixture comprising a maimdapand lateral secondary roots.
The root system has various adaptations dependirigeosoil’s texture.

In shallow soils, where the armor is encountere@®&%40 cm depth, the main root of Piliostigma tum® a
horizontal one. The main root remains in this haminver the armor. It ramifies into smaller roatsending to the
surface horizons (Figure 5 and 6).

collar

Echelle
| cm=-essneeas 10 em

Figure 5: Transformation of the main root in a lateral one atP. thonningii
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Figure 6: Subdivision of the main root in two lateal one

The main root can also divide into two lateral sooh each side of the tree. These lateral rooggnating from the

taproot’s transformation, are generally strong sabit firmly establish the species into the doilthese shallow
soils, short taproots have a high tuber from tH&co

In moderately deep soils (40-60 cm), the main pmtetrates the ground in a more or less straight s a single
root until it reaches the armor. It then subdividds a two-tooth pitchfork sinking roughly in tle@mor. This root
morphology is found both iR. reticulatumandP. thonningiiand in all phytogeographical zones (Figure 7).

/ collar

" lateral roots /

main root N
T : .
\
\
\\
Layer 2 i

§

Figure 7: Architecture of P. reticulatum’s root in moderate deep soil in subsahelian zone

In these soils, the root morphology of Piliostigim@haracterised by a remarkable presence of sacpnabts at the
horizon 2 (16/20 to 40 cm). These are long andktlateral roots.
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In deep soil, whatever the phytogeographical ateamain root sinks steadily into the ground, egdima point. In
these types of soils, secondary roots, strong atyrare located in the horizor{Rigure 8).

collar

main root

—_— \‘
"‘\H > lateral roots i

Layer | e f‘é/—/ i

/‘/ /
, SR T
; ~
Layer 2 )
— — - \/
Layer 3
e e e s

Figure 8: Evolution of P. thonnigii root system in deep soil

Species of the Piliostigma type have a taprootesyswith lateral roots [12, 17]. This type of rogstem, while
fixing the plant to the ground allows it to expldhe side layers. Piliostigma root systems haveynaalaptations’
modesdepending on the depth and texture of soil, alhgwio firmly anchor the plant in its environmenthi§
function of securing establishment into the soit@firmed by the existence of strong roots (byirtdeameter),
especially in the second horizon. This morpholdgactaptation of Piliostigma root system seems todbgted not
to climatevariability but rather to the soil. Indeed, Piliostigma adaptnany types of soil [12, 17]. In addition, the
various shapes in the endings of the main rootlfotk, spin), reflect the adaptation of the spgdttethe texture of
impermeable soil layers. Even though the root sysié Piliostigma does not stretch very deep (fixedhe soil in
which it is located), the shape taken by the teampart of the pivot contributes to anchoring ifly into the
ground. Piliostigma adapts to water erosion armhgtmwinds.

Piliostigma’s main root presents an important tubee to an accumulation of reserves [18, 2@, Piliostigma
reticulatumpresents an early development of the root systémanstrong predominance of the main root [17]e Th
pivot's thick and rough bark compared to the ldtemots shows the main root precocity. Wililiostigma
reticulatum and Piliostigma thonningii the collar is buried in the soil. This morpholegi characteristic is an
adaptation of the species to multiple anthropogpréssures.

Indeed, despite frequent bush fires in the Sahel wonod cuttings forthe purpose of firewood21] or for
pharmacopoeia [B2, 23, 24, P. reticulatumandP. thonningiiremain present in the agricultural landscape [10].

Evolution of root density

The fine roots considered are those with a less 2hanillimeters diameter. For all species of Piiip®a, the surface
horizon contains the highest proportion of finetso0%). This proportion of Piliostigma fine roalscreases
sharply in the horizon 0-20 cm, and more in thezwor 20- 40 cm (29%), and eventually reverseseatigpth 60-80
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cm (3%) and 80-100 cm (0%) (Figure 9). Piliostigfim@ roots are mainly located in the horizons Ocg®and 20-
40 cm. Statistical analysis shows a particularyniicant different (P <0.001) proportion of ro@sthe horizon 0-
20 cm and 20-40 cm (Table 2). Piliostigma’s finetsodistribution according to the phytogeographaralas shows
a higher proportion of roots in the northern Sudane than in the sub-Sahelian zone. The southefarSzone has
the lowest proportion of roots (Figure 10).

70 350
60 300
50 250
=) £ —®— zone phyto-
H 40 A _§ 200 nordsoud
S t
2 30 % 150 —&— zone phyto-
2 £ subsahelien
- 100 ne
20 1 —&— zone phyto-
sud soud
10 50
0
0 T T
0-20 20-40 40-60 60-80 80-100 0-20 2040 40-60  50-80  50-100
. harizon
harizon

Figure 9: Fine roots evolution by soil horizon igkre 10: Fine roots and phytogeographic zones

Table 2: Data analysis (ANOVA) of fine roots propotion according to zones and soil level

Source ddl | Sum of squares) Mean squar¢  Fisher's F  PrF
Phyto zone 2 41741.416 20870.708 1.126 0.328
Level 4 578029.828 144507.457 7.795 < 0.0001
Phyto zone *Level | 8 267247.966 33405.996 1.802 0.085

The evolution of soil depth and the proportion obts present a statistical difference (P <0.00&®Bgarding
Piliostigma thonningii there are three statistically distinct groupsoading to the levels of soil depth, (Table 3).
The horizon 0-20 cm differs from horizons 20-40 &@©d60 cm and the latter differs from horizons 80-cm and
80 -100 cm. The same trend is observed about stakdition of P. reticulatumwith the absence of roots in the
horizon 80-100 cm. Fine roots are mainly concéattin the horizo®-20 cm.

Table 3: Roots distribution according to soil depthevels

Layer | Piliogtigma Thonningii (%) | Piliostigma reticulatum (%)
0-20 60.22 + 29.3& 59.70 +24.7&
20-40 26.40 = 21.0%c 31.80 +21.9D
40-60 9.27 +15.2%d 6.96 + 12.8@d
60-80 2.10 £ 6.96d 1.54 +5.55
80-100 2.02 +6.7d Oe

For each species (column), layers that have theedatter are not significantly different accorditgthe Newman-Keuls test at the 5% level

With P. reticulatumandP. thonningij fine roots are mainly located at the upper haridzadeed, fine roots play the
role of absorbing water and the case of tropical ferruginous soils, stream ifiltration water are encountered in
the upper horizanThus for Piliostigma, fine roots play their ratethe maximum.

The way fine roots fix themselves in the horizonkes species of the Piliostigma kind competitive sonaeder
conditions of climate and soil aridity. Beyond 2@ of soil depth, fine roots of Piliostigma becoraeer This could
be explained by the type of soils these specieallysdevelop on.

Root biomass
Piliostigma develo@n important biomass in the soil (Table 4). Uppelsorizons contain an important biomass of
fine roots, which isn’t dependent on the specieBilidstigma.
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Table 4: Biomass distribution based on the depth cfoil and Piliostigma species

Layer | Piliostigma thonningii (g/m?) | Piliostigma reticulatum (g/m?)

0-20 168.62 + 188.15 abc 200.68 + 208.16 ab
20-40 235.32 +298.49 a 139.54 + 167.63 abc
40-60 27.79 + 55.65 bc 23.52 +53.18 bc
60-80 1.85+6.14c 3.13+11.30c
80-100 14.82 +49.16 bc Oe

For each species (column), layers that have theedatter are not significantly different accorditgthe Newman-Keuls test at the 5% level.

The analysis of variance shows a highly significdiffierence in the distribution of biomass accogdin depth (P
<0.0001) (Table 5).

Table 5: Analysis of variance of biomass dependinon the species and the soil depth

Source Ddl  Sum of squares Mean square  Fisher's F > FPr
Species 1 7920.916 7920.916 0.397 0.530
Level 4 870241.443 217560.361 10.912 < 0.0001
Species*Level 4 54297.874 13574.468 0.681 0.607

Piliostigma root biomasis mainly distributed in the first two horizonsnsidered (0-20 and 20-40 cm). The upper
horizon with P. reticulatum has a significantly different root biomass fromatt encountered at deeper horizons.
With P. thonningij the depth level 20-40 cm contains an importaantjty of root biomass.

The 2 graphs of biomass evolution, all phytogeogicg zones considered, sensibly depict the sanieshiape,
with important variations from one site to anothat.the horizon 0-20 cm the two species presentiga and
roughly equivalent root biomass. This biomass dese rapidly when we move deeper (20-40 cm). Froram
and above, the weight of the root biomass is radftilow and fixed. The distribution of root bionsaaccording to
soil depth and phytogeographic zones doesn't restatistical differences between zones (Figure 11).

600.0

500.0

400.0 T

300.0 T == P. reticulatum

== P. thonningii

200.0

Roots dry weight {g/m2)

100.0

0.0

0-20 20-40 40-60 60-80 80-100

Figure 11: Root biomass evolution according to thievels of soil depth

It is in the surface horizon that root biomasseisarkable. This partly explains the high contentarbon found by
some researchers [125, 26, in the soil under the canopy &f. reticulatum and in horizons 0-20 cm. Root
development depends more on soil than on phytogebgr zone, which is reflected in the roughly eqiewnt
curves.
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Volume of soil explored by the roots according to lpytogeographical zones

The volume of soil explored by Piliostigma’s rogstem is more important in the North Soudanian zZ@8eto 42
m°) (Table 6). In this zone, we observe importanhdéad deviations between the volumes of soils erpldy the
roots. In the sub sahelian and in the south soadardnes, the volumes of soil explored by the tpeciEs root
systems are roughly equivalent and far less impottean that of the North Soudanian zone (2.22176 27).

Table 6: Volume of soil explored by Piliostigma robsystem according to phytogeographical zones

Phytogeographic zone Species Collet depth (cn))  Vohe of soil explored (M)
Sub sahelian P. reticulatum 5.67 +0.58 a 2.30+2.09a
North soudanian P. reticul_atu"m 8.29+3.64b 28.17 +22.65b

P. thonningii 8.00+291b 42.11+35.27 ¢
South soudanian P. reticul_atu"m 8.60+1.14b 270+134a

P. thonningii 9.6+0.54b 222+23la

For each species, variables that have the samerlate not significantly different according to tNewman-Keuls test at the 5% level.

The depth of the collar varies from 5 to 9 cm. Anid in the sub sahelian zone tiatreticulatumpresents a collar
slightly buried in the soil. The north sudanian aoedth soudanian zones don't present a statistiifatence for the
collar depth parameter.

In the north Sudanian zone, the root systerR.aketiculatumandP. thonningiipresent the most important volume.
For Piliostigma, the North Sudanian zone is thetrsogable. ForP. reticulatumthis phytogeographic zone is the
most naturally suited. In the North Sudanian zd?igostigma hadongerlateral roots and a very deep pivot. The
deep soils where are located formations of Pilijpsti explains this situation. However, in the subetan and
south Sudanian zones Piliostigma formations aremgély located on shallow and/or ungrateful saigiostigma
formations serve as grazing areas or as sourcdgesfood collection. The volume of soil explored liye
Piliostigma root system is especially related te ttature of the soil on which Piliostigma formatodevelop.
Despite the low volume of soil explored, Piliostigimthrough his root system architecture, adaptd teelts
environment.

CONCLUSION

Piliostigma species adapt to their environment ugloa root system which development reflects thgsighl

condition of the soil. Piliostigma are firmly fixadto the ground thanks to strong lateral rootscitare generally
located in the second horizon and also thanksgmoa adaptability of the morphology of the pivohellow volume
of soil explored by the root system is compensdigdh great extension of fine roots at the uppeizbarthus
ensuring that the plant receives the necessaryentgr Piliostigma species also adapt to high apilbrpressure
(bush fire, cuttings, overgrazing) by burying ttalar into the soil. Considering the biologicalathcteristics of
Piliostigma, and with increasing aridity of the @omment and anthropic pressure, species of thesBgma type
could be used in afforestation programs provideg #ire well-known by people.
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