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SAHEL 400 km
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Vulnerability to Changing Climate

BetterWorseindex.gain.org
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• Rainy season daytime 
temperatures up to 
34°C 

• Relative humidity is 
60-90% during rainy 
season. 

•Current agricultural 
model is rain-fed 

• Limited use of fertilizer

•Nutrient poor sandy 
soils (arenosol)

Field Site: Keur Matar Arame, Senegal
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Guiera senegalensis

Deep tap roots help shrubs to 
survive long dry season
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FROM MANAGED NSF RESEARCH PLOT IN KEUR MATAR ARAME (NORTH) 

0

250

500

750

 

0

300

600

900
 

  NPK application rate kg ha-1

0 75 150 225 0 75 150 225

  NPK application rate kg ha-1

Crop + shrub
Crop only

0

300

600

900

 Crop + shrub
Crop only

2012: PEANUT PODS (kg/ha)

Thursday, April 16, 15



Day time transpiration

Night time hydraulic lift (HL)

Water transfer 

Daytime HL 
water use

Previous Studies of 
Hydraulic lift and 

transfer
Plant to plant transfer

Caldwell and Richards, 1989
 Filella, Penuelas 2003

Sekiya, Yano, 2004

Plant to mycorrhizae transfer
Querejeta et al. 2003

Warren et al. 2008

Hydraulic lift in G. 
senegalensis

Kizito et al. 2007
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Irrigation-Water Stress Experiment
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Injection of D2O
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Stable Isotope Injection
Two roots were identified for each 
shrub at depth of >1m.

Roots were severed and immersed 
into100 ml vial filled with deuterated 
water (46 atom %) and sealed

Injected after sunset, when 
transpiration was the lowest

Tissue samples were collected prior to 
injection and twice daily for two days, 
then once daily for additional 2 days

10cm

1m
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Sampling
• Samples: 3-5 pieces of guiera stem/millet tiller with 

outer bark/layers removed, sealed in glass vials 
and frozen immediately

Water extracted by cryogenic vacuum distillation
• Samples frozen on liquid N and pumped down to 

40-60mTorr
• If sample held vacuum then liquid nitrogen 

replaced with boiling water and sample extracted 
for minimum 90 minutes.

• Sample aliquot caught in liquid N, thawed, and 
pipetted into 2mL vial to run on mass spec.

Sampling and water extraction
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Soil water potential at three depths in plot “F”
−3

.0
−2

.0
−1

.0

cm020$form.time

So
il W

at
er

 P
ot

en
tia

l(M
Pa

)

May 25 May 26 May 27 May 28 May 29 May 30

20 cm
60 cm
100 cm

Thursday, April 16, 15



●

●

●

●

●

●

●

May 25 May 26 May 27 May 28 May 29 May 30

−4
0

−3
0

−2
0

−1
0

0

●

● ●
●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

●

−
−

−
−

●

●

●

●

●

● ●

Sh
.F

.E
$a

vg

May 25 May 26 May 27 May 28 May 29 May 30

−4
0

−3
0

−2
0

−1
0

0

●

●

●

●

●

● ●

●

●

●

●

●

●

●

●

●

●

●

●

−
−
−
−

−
−

Location
Far
Near
Control 

●

●

Isotope Level
Background
Spiked

δD (VSMOW) at Plot “F”
CropShrub

begin 
injection

end 
injection

Thursday, April 16, 15



●

●

●

●

●● ●

●

Sh
.O

$a
vg

May 25 May 26 May 27 May 28 May 29 May 30

0
10

00
20

00
30

00
40

00
50

00

●

●

●● ●
●

● ● ● ●●

●

●

●

●● ●

●

−−

−−

−
−

Location
Tracer
Control 

●

●

Isotope Level
Background
Spiked

●

●

●

●

●

●

●

Cr
.O

$a
vg

May 25 May 26 May 27 May 28 May 29 May 30

0
10

0
20

0
30

0

●

●

●

●

●

●
●

●
●

●

●

●

●

●

●

●

●

●

−−
−−

−−

δD (VSMOW) at Plot “O”
Crop

begin 
injection

end 
injection

Shrub

Thursday, April 16, 15



Day time transpiration

Night time hydraulic lift (HL)

Water transfer 

Daytime HL 
water use
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Summary

• Two to five fold yield increase in crop yields as a 
result of intercropping.

• Yield differences are large even in times of drought 
stress when competition can outweigh benefit in 
other agroforestry systems.

• Evidence of hydraulic transfer between deep shrub 
roots and shallow-rooted millet plants.

• Guiera senegalensis habitat covers wide swaths of 
Sahel and could impart a significant impact on crop 
yields in the region.
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No Shrub Shrub
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