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1. Nowadays, rice areas in SSA bring more malaria – in 
the future, in elimination settings, their effect will be 
more conspicuous

2. Modified rice cultivation practices can control malaria 
vectors 

Two parts:



Part 1: 
Nowadays, 
rice areas 
bring more 
malaria, and, 
in the future, 
they will 
become a 
problem in 
elimination 
settings 



Ministry of Agriculture
is planning for 
a major expansion in irrigated rice

Ministry of Health
is planning for 

the elimination of malaria



Paddies paradox: Rice fields generate a large amount of malaria vectors, but the amount of 
malaria in rice communities remains unaltered or is decreased .

The effect of rice cultivation on malaria

A series of studies (1990s -2000s) in East & 
West Africa investigated the difference in 

malaria prevalence between 
rice and non -rice communities

vs.



The effect of rice cultivation on malaria



1. The wrong counterfactual: 
mosquitoes were never harmless –
the paradox depends on inequity

2. Intervention 
coverage has 

changed

3. Malaria in Africa has 
changed = pathway to 

elimination

Why re - examine the paddies paradox?



The association between rice and 
An. gambiae s.l.

Relative ratios of An. gambiae s.l. 

• human biting rate (HBR), 
• sporozoite rate (SIR) and,
• entomological inoculation rate 

(EIR)

between rice and non -rice growing 
areas were calculated. 

Blue bars indicate that, compared to 
non-rice growing areas, the 
entomological measure was higher 
in rice -growing areas, whilst red 
bars indicate lower measures in rice. 
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The relationship between rice and malaria will probably be an emerging problem for Africa



Whose problem? 
Agricultural sector or public health sector?

How can they work together on this problem?



Part 2: 
Modified rice 
cultivation 
practices, incl. 
alternate wetting 
and drying 
irrigation, can 
control malaria 
vectors in some 
settings
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Background

- Lots of riceland LSM 
studies, but still major 
gaps

- What about the effect 
of rice cultivation 
practices on 
mosquitoes e.g. land 
preparation, crop 
establishment, 
fertiliser application?

- Rice yield takes 
priority

- What about water use, 
greenhouse gas 
emissions, weed 
production, soil 
conditions, etc.?



Larviciding Biological control Environmental management / 
rice cultivation practices

Oils and 
surface 
agents

Synthetic 
organic 
chemicals 

Biological 
larvicides

Insect 
growth 
regulator

Fish
Copepo
d, Azolla, 
neem

Irrigation

Other: land 
preparation, water 
height, plant 
height

Total

Publication period
1941-1950 1 2 3
1951-1960 1 1
1961-1970 0
1971-1980 1 3 1 5
1981-1990 3 9* 1 4* 2* 2 21
1991-2000 1 1* 4* 2 3* 3* 2 16
2001-2010 1* 3* 1 2 7
2011-2021 1 1* 1* 3
Geographical region
Africa 3 2* 3* 1* 1* 3* 13
South Asia 2 2* 1* 2* 4* 1 12
America 4* 9* 1 3 1 1* 2 21
East and SE Asia 2* 2* 3 1 1 9
Europe 1 1
Total 3 10 16 1 8 3 8 7

Systematic review & meta - analysis
Field experimental studies: controlled time series and controlled interrupted time series

66%



Does it work? (% effectiveness) No. of studies (no. in SSA)
Monomolecular surface films -57.2 (-69.4, -40.3) / -91.6 (-99.9, +486.3) 3 (3)
Biological larvicides -60.0 (-71.8, -43.1) 10 (2)
Synthetic organic chemicals -73.1 (-83.8, -55.4) / -72.3 (-89.5, -26.9) 6 (2)
Fish -81.5 (-91.4, -60.2) / -87.1 (-93.9, -72.7) 6 (1)
Copepods -40.5 (-82.8, +105.6) 1 (0)
Azolla -10.3 (-86.4, +493.3) 1 (0)
Neem -30.7 (-57.2, +12.3) 1 (0)
Intermittent irrigation -34.5 (-43.5, -24.0) late -stage larvae 7 (2)
Rice variety +150.0 (-66.1, +1745.1) 1 (0)
Rice variety & plant spacing -66.3 (-90.0, +13.4) 1 (0)
Weed control ( herbiciding ) +77.4 (+65.7, +89.9) 1 (0)
Agricultural insecticide -76.4 (-88.8, -50.2) 1 (0)
Land preparation: tillage -64.7 (-85.5, -14.1) 1 (1)
Land preparation: levelling -12.8 (-65.2, +118.5) 1 (1)

Systematic review & meta - analysis



Experimental trials in Cote d’Ivoire & Tanzania
7 trials, arranged in a randomised complete block design with 3 replicates
Assessed effect of rice growing techniques on mosquito density, water consumption, rice yield and GHG emissions



Water management

Treatment
Yield 
(t/ha)

Mosquito density (immatures/dip) Irrigation 
water 

(m3/ha)

No. of 
irrig -

ations

Water 
productivity 
(kg/m3/ha)

CH4

(kg/ha)
N2O

(kg/ha)
CO2

(kg/ha)
GWP

(t CO 2/ha)
Early 

instars
Late 

instars
Pupae

Trial 6: Water management (CIV)
CF 5.5 a 0.295 a 0.120 a 0.034 a 2057 a 9 a 0.24 c 343 a 0.16 e 0.001 a 8.61 a
AWD-15 5.5 a 0.241 a 0.156 a 0.046 a 868 c 3 b 0.53 ab 204 b 0.39 a 0.001 a 5.21 b
FD-II 5.3 a 0.405 a 0.190 ab 0.038 a 539 c 4 b 0.72 a 183 c 0.28 d 0.001 a 4.66 c
FD-II2 5.7 a 0.543 a 0.296 b 0.082 a 726 c 4 b 0.63 a 139 e 0.33 b 0.001 a 3.57 e
Supplemental 5.3 a 0.415 a 0.161 a 0.059 a 1384 b 4 b 0.34 bc 156 d 0.29 c 0.001 a 3.99 d
LSD* 1.8 p=0.435 p=0.0495 p=0.166 513 2 0.20 6.0 0.008 ns 6.0
Trial 7: Water management (TZN)
CF 2.0 a 2.944 b 0.141 b 0.043 b 446 a 63 a 0.46 b - - - -
AWD-15 1.6 a 1.088 a 0.039 a 0.019 ab 209 ab 25 c 0.90 ab 269 a 0.17 a - 6.8 a
AWD-30 1.6 a 1.706 a 0.043 a 0.017 a 166 b 21 c 1.29 a 350 a 0.29 a - 8.8 a
DF 1.6 a 1.402 a 0.050 a 0.024 ab 468 a 63 a 0.36 b - - - -
II3 1.8 a 1.557 a 0.052 a 0.013 a 341 ab 45 b 0.52 b - - - -

Mosquitoes
• AWD-15 not effective 

in CIV 
• AWD-15 reduced late -

stage malaria vectors 
in TZN by 72.3%

Rice yield
No yield 
penalties

Water use
AWD-15 reduced water use 
by 41-71% 
(across both trials and 
countries)

GHG emissions
• AWD-15 produced 41% less 

methane
• AWD-15 produced 2 -fold 

more nitrous oxide but yield -
scaled global warming 
potential still less



The effect of rice cultivation practices on 
m ala r ia  vect or  p r odu ct ivit y 

Land preparation
Minimal tillage -

Puddling of <7 days -

Crop establishment Direct seeding (vs. transplanting) +

Water management

Intermittent irrigation (active or 
passive drainage)

- (late 
stage)

Active drainage: intermittent 
irrigation of 3 -day wet and 3 -day dry 
cycles

- (in one 
field trial)

Passive drainage: alternate wetting 
and drying irrigation at 15 cm

- (in one 
field trial)

Pest management Pesticide application -

Nutrient management Fertiliser application +

Weed management Herbicide application +






Our task:
In t erven t ion s  

t h a t  kill qu ickly 
bu t  don ’t  la s t  

lon g

In t erven t ion s  
t h a t  su p p ress  

b reed in g  m ore 
con s is t en t ly 

+
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Nowadays , rice  a reas  b ring more  mala ria
In the  future , rice fields will become more 
strategically important for elimination

Using current rice cultivation methods , 
malaria vectors produced will always be a 
harmful unintended side effect

Conversely…
Using modified rice cultivation methods that 
can suppress malaria vectors would be a 
beneficial intended side effect



Rice experts should know 
– sooner and better than anyone else –

what effect their recommended 
production methods have on 

mosquitoes
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