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Agriculture in (semi-)arid f@gions

Teita sisal estate

e Cultivation of crop Agave sisalana
Perrine

* Considerable productivity despite
(semi-)arid conditions
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Agave sisalana

Perennial succulent plant

Crassulacaen Acid Metabolism (CAM)

= Carbon fixation during night by PEP carboxylase and
stored as malic acid

= (Calvin cycle during the day

- Reduced water loss through stomates

© Ké#Kohonen
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Research questions

(i) How do CO, and H,O0 fluxes of the sisal plantation
respond to seasonal changes?

(ii) How does its diurnal cycle change with seasons?

(iii) What are the main drivers of CO, dynamics?
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Study site and flux monitqrjng
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Teita sisal estate in Taita-Taveta county, Kenya
Mean annual air temperature and precipitation:

~24 °C and 600 mm (years 1981-2010) (ICPAC, 2019)

Monitoring of carbon and water fluxes using the
eddy covariance method

Study period: 23 Nov 2019 and 31 Jan 2020
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Onset of dry period

Wet period Dry period
35- ! . . .
5 0 -1 : ~* Bimodal pattern with two rainy seasons
] 1nn -- air
= A *!' ! | ol (long: March-May, short: Nov-Dec)
20 it Rt ':'q'u‘-";'i:i'."-."‘-' filbay
- : - - * Transition to dry period during stud
0
= ) . .
52 20- k\ 108 period:
T Tl o . . p- . . .
I \\J\ 5 * Significant decline in soil water
O+« 7 L - -]
(D= —_
8 B  Temperature, PPFD and VPD:
1 I I 1 n - .
’ relatively stable
ol o
TF
= 6 A
cEJ“C’ Permanent wilting point -~~~ ,,/fw(
U)g 31 _ﬁ_ﬂ—f"{f L/-f"/fr
Wﬂl‘l/ T T T
Dec 01 Dec 15 Jan 01 Jan 15

Time

Skogberg et al. (2025), AEE Ecosystem-CAM gas exchange of sisal



Switch in net ecosystem exchange
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Wet: carbon uptake during the

day

Soil water content declines
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Switch in net ecosystem exchange
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Wet: carbon uptake during the
day

Soil water content declines

Dry: no carbon uptake during
the day anymore

Decline in ET during dry period
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CAM: CO, uptake during night
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Dry: carbon release during
the day

Declined ET during dry
period
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CAM controls diurnal flux patterns

10.0

7.5

5.0

2.5

0.0 1

-2.54

-5.04

-7.54

-10.0

Wet period:
High soil moisture

Dry period:

Low soil moisture

Il 1 vV

Daytime

5 10 15 20
Local time (UTC+3)

0

5 10 15 20
Local time (UTC+3)

Skogberg et al. (2025), AEE

T
o~

1

[1-s z-Ww joww]

Photosynthetic plasticity

Phase | — nighttime (PEPC)

Phase Il — early morning spike
(PEPC and RuBisCO)

Phase Ill — daytime (RuBisCO)

Phase IV — transition to night
(RuBisCO and PEPC)
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Drivers of NEE patterns

NEE CO, flux
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—> Soil water content as main driver
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Soil water content effect
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Decline in midday carbon
uptake and ET in response to

soil water

Smaller conductance during dry
period

— Reduced water loss
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Increased VPD effect during dry period
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Sisal gas exchange
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Canopy conductance comparison
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* ET: evapotranspiration (Wehr & Saleska 2021, Biogeosciences)
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* CEC: conditional eddy covariance (partitioned T, Zahn et al.
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Partitioned evapotranspir?;iph
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» Soil evaporation
dominates daytime ET

« Transpiration dominates
during nighttime
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Partitioned

evapotranspiration
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