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S A C Introduction
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2025 = Climate change is a global environmental threat that has adverse effects on

www.spaceconference.co.za agricultural crop production.

Challenge:

Space for B - Developing regions with pre-existing challenges of hunger and food insecurity.

So,cletal : : B -  Smallholder farming systems — most vulnerable to the impacts of climate

Resilience, change their reliance on rainfall and lack of resources for climate adaptation

Transformation
and
Intelligence

and resilience.

Need for transformative and climate-smart paradigm shift in agriculture, that
prioritizes diversification of cropping systems to incorporate crop species that
build resilience and strengthen the adaptive capacity of smallholder

DATE: SR SSagtyteszbes agricultural landscapes against climate change.
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2025 Neglected and underutilised crops (NUS): Taro (Colocasia esculenta (L)), also

www.spaceconference.co.za known as Amadumbe

Identified as a future-smart-crop due to its drought and heat tolerance and

Space for
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its adaptability to adverse environmental conditions.

Moisture content - influences tuber quality, texture and palatability.

Largely limited and anecdotal spatial and empirical research on its water
status and stress responses across the growing season ~ hindering its
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promotion and integration into existing agricultural systems
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Rich nutritional profile: carbohydrates, protein, vitamins, and natural sterols.
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Introduction

= Studies indicate that under moisture deficit conditions, crops exhibit several physiological changes

that can serve as reliable indicators of their water status (Parkash and Singh 2020, Sobejano-Paz et

al. 2020, Wang et al. 2022a).

Figure 1: Remote sensing of crop water
indicators.
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2025 Traditional Methods: time-consuming, laborious, expensive

.spaceconf .C0.za . . o
bdebian e ellilbati sty and not feasible for continuous monitoring.

Satellite imagery restricted by their relatively coarse spatial §
Space for

Societal
Resilience,
Transformation Unmanned Aerial Vehicles (UAVs) provide high-quality

and temporal resolutions. ~ e.g., Sentinel -2 -10 m

and ' . remotely sensed data at unprecedented spatial, spectral

Intelligence and temporal resolutions ~ centimeters, near-real time

Mounted with high-resolution multispectral and thermal

DATE: 20 - 22 August 2025
cameras.
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www.spaceconference.co.za Research Aim: This study sought to evaluate the utility of UAV multi-modal thermal and
multispectral remote sensing in assessing and monitoring the crop water status of
neglected and underutilized taro crops within smallholder farming systems

Space for - Specifically, the study sought to

Societal
Resilience, 1) Predict stomatal conductance and leaf temperature using UAV multi-modal thermal

= and multispectral data at the emergence, vegetative and maturity growth stages and
Transformation P g , veg yg g

and
Intelligence

DATE: 20 - 22 August 2025

" ) . ‘p/s ANSA

Degacinack _ CAn RARORAL
REPUBLIC OF SOUTHAPRICA ™" SPACE AGENCY

&z Neuss @CSIR

Dodonco NATIONAL CARTH ORSETONIONS.
N REPUBLIC OF SOUTH AFRICA AND SPACE SeCREARUT

.......... Meaegh woesston




S A Materials and Methods

CONFERENCE
2025 ,—9—\ Swayimane, KwaZulu-Natal, South Africa = Organic Farming Systems

B Al Vulnerable to Climate Change Impacts

KwaZulu-Natal

Fron State

Legend
® Sample Fonts
¢ Swaymane
Umshwati Municpality

D Taro Field

Elevation
w Hgh:3338m

Low: 0Om

N2 Evonien " AS ANSA \’l\\l s — NEQUSS @CSIR

]ﬁ Dapannen
g m‘-‘:w'".-'.-'rm-bv; o Irpoention A Ay NATIONAL CARTH ORSERONIONS
s RepUBLC OF SOUTH APRICA SPACE AGENCY \-, REPUBLIC OF SOUTH AFRICA AND SPACE SECRETARAT




5 A Materials and Methods

CONFERENCE
2025

6210 Life Cycke of Two

www.spaceconference.co.za
\ 4

it ]

Content {Pix4D Mapper)

J
Space for -~ c,,,,,,,m..] = = e

Societal

Vepetative st
extahbetonent Geal st root o b P2 o (o
stage powth stagel ‘,.f"". (A b
Frash/Dry | I lMuluspcdrnl' l Thermal ' O AU RN )
Weight \ aath {8 S
Pa v ) & A :
. $TY

Transformation S [f:‘;;f:::ﬂ;?::‘;:i:.‘;f;‘.’:‘.‘;::‘i
and ' o

[ Training (70 %) & Testing (30 %)

Intelligence

DNN Model Omlopmtm and
Optimisation

Taro Map Outputs:
Stomatal conductance and
Leaf Temperature at
Emergence, Vegetative and
Maturity growth stages

A 4
[ Model Validation

Resilience, ‘—'[ M )'—'
J
]
]
J

DATE: 20 - 22 August 2025

Figure 3: Flow chart of methodology implemented in this study.
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Figure 3: Flow chart of methodology implemented in this study.

E&j m gSANSA @ ;:;fmfome NEQLSS @CSIR

Scence, Tachookagy ont I7ooenrs ~ NATIOY ™ ORIERONOHS
REPUBLIC OF SOUTH APRICA SPACE AGENCY REPUBLIC OF SOUTH AFRICA A S SETeEIT

120ching Heat heaegh o oo




 Significant presence of non-target elements Key Resea rCh F|nd|ngs

such as soil and weeds in taro crop images

introduce noise and can obscure the features of 250 W BT "
g R%=0.87 . R*=0.84
interest, hindering the model's ability to R el L Rl 775
H E T =0. x-’ ,' d 175 g =0. : + _1‘ : : 330
accurately learn and predict. 8| 5, U =1 Kol Milnie * | Pos
a—, "ég . “125 %«83701 $37.00
£ 2 g 100 e 100 ;i: 3651 9 ° 136,75
1 3 S ol 'Fl g / { 36.50
¢ ? 360 H
E ol 0 ) ) _‘ :: & E” 36.25
0 50 100 150 200 250 B35 %60 365 370 375 b0 385 o0
Obse'Ve"(;ﬁzﬂ;ﬁ'fs"ﬂ?““a"‘e Observed Le‘aafrremperature
00— - w » . * The vegetative growth stage
o B M o H”" 3 T|muEeme k= produced the most optimal
-% § 5 oo yromemesss oo £ | y-osmaceazms o - estimation models.
- & E 300 ! w9
Figure 6. (Left) Taro field without weeds (Right) and Taro field go £8 i 3% [ 30
with weeds. > ES w g » » | * Explained by higher above-ground
2 100 T 28 . R
§ | wo & s biomass accumulation and
%0 160 200 300 400 500 600 7 28 29 30 N 32 33 34 o
' Observed Stomatal Conductance (mmol m~2 s=*) Observed Leaf Temperature (°C) rEdUCEd SOII Interference.

450 —— 1 36 1
R'=0.92 o = 0.90

400 - g >
RMSE=30.11mmolm3s

3501 rRMSE =13.89 %

| y=0.8862x+ 20.4468

| RMsE=0.57°C I

® 34: (RMSE=1.81% o 34
300 @ .
. g 5! y =0.8842x +3.4520 35
[250 @ _ %

° A& ‘ COa ) -
[ 3
. i ° 31
S 1 30
¥ e P = |
0+ — — 4 SO 28— - ~——- ~ — — < |
0 50 100 150 200 250 300 350 400 450 28 29 30 31 32 33 34 35 36
B Tuco Crop Observed Stomatal Conductance Observed Leaf Temperature
B Background (mmol m~? s71) ta

Figure 5. Relationship between observed and predicted a) stomatal conductance and b) leaf

2 ¢-1)
NOOW
B8
o o
o

Maturity

(mmol m
- N
o v O
o ©o ©
\
.
o N
o w (=]
& © ©
edicted Lea
It
W oW
< -

Predicted Stomatal Conductance
o
o
L

Figure 3.2 Taro crop cancpy extraction: a) raw UAV umage, ) ExG, ¢) ExR aad d) ExGR

casopy extraction temperature during the 1) emergence, 2) vegetative and 3) maturity growth stages.
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Figure 6. The spatial and temporal distribution of stomatal conductance (a-c) and leaf
temperature (d-f) across taro growth stages: emergence (a, d), vegetative (b, e), and
maturity (c, f).

Stomatal conductance values below 50 mmol m=2 s, indicating potential
stress conditions.

Taro crops with leaf temperatures below 10 °C and exceeding 35 °C were
identified as potentially stressed crops.
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Figure 6. Spatial distribution of potential water-stressed taro crops based on the stomatal
conductance (a-c) and leaf temperature (d-f) thresholds across taro growth stages: emergence (a,
d), vegetative (b, e), and maturity (c, f).
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Space for Transformation: Public Value

Community-Based Focus — Research aimed at improving
smallholder farming practices and ensuring local and regional L
food security.

Employment Value-Add — Locals employed as field labours

Improved crop management strategies — areas requiring
supplemental irrigation

Farmer-Centric Agricultural Dashboard — Prospective Research

Initiative

Youth Inspiring local enthu5|asm and interest

ey "
| B . “
"o =) - | s
[
o ) A
nralmru Lt
13 :

3P o e sa air force
) e & s g NEwss @)CSIR
:z?ﬁug o ST APRICA SPACE AGENCY REPUBLAC OF SOUTH AFRICA N e

...................
- NMRCH‘AM




NATIONAL S L S i
pace for Societal Resilience,
I . DATE: 20 - 22 August 2025
— A C Transformation and Intelligence 3
CONFERENCE www.spaceconference.co.za Naz";?':

2025 Research

¢
;mtxﬁ‘

Schence, Technology and Innovation
REPUBLIC OF SOUTH AFRICA

NATIONAL EARTH OESERVATIONS
SPACE AGENCY NP REPUBLIC OF SOUTH AFRICA AND SPACE SECRETARAT

7 / \ sa air force
J SANSA ot NELSS @C SIR

1 Movgh Innovaliol



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14

