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Abstract

The necessary reduction of greenhouse gas (GHG) emissions may lead in the future to
an increase in solar irradiance (solar brightening). Anthropogenic aerosols (and their pre-
cursors) that cause solar dimming are in fact often co-emitted with GHGs. While the
reduction of GHG emissions is expected to slow down the ongoing increase in the green-
house effect, an increased surface irradiance due to reduced atmospheric aerosol load
might occur in the most populated areas of the earth. Increased irradiance may lead to air
warming, favour the occurrence of heatwaves and increase the evaporative demand of
the atmosphere. This is why effective and sustainable solar radiation management strat-
egies to reflect more light back to space should be designed, tested and implemented
together with GHG emission mitigation. Here we propose that new plants (crops, or-
chards and forests) with low-chlorophyll (Chl) content may provide a realistic, sustainable
and relatively simple solution to increase surface reflectance of large geographical areas
via changes in surface albedo. This may finally offset all or part of the expected local
solar brightening. While high-Chl content provides substantial competitive advantages
to plants growing in their natural environment, new plants with low-Chl content may
be successfully used in agriculture and silviculture and be as productive as the green
wildtypes (or even more). The most appropriate strategies to obtain highly productive
and highly reflective plants are discussed in this paper and their mitigation potential is

examined together with the challenges associated with their introduction in agriculture.
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1 | INTRODUCTION: CLEAN THE AIR,
HEAT THE PLANET

Any change in the atmospheric transmission of solar irradiance is
defined as solar brightening or dimming depending on whether
more or less light reaches the surface due to light scattering and
absorption. Those atmospheric properties depend on the burden of
different species of aerosols. Large changes in atmospheric trans-
mittance have been documented over the past decades. Substantial

dimming was recorded from the 1950s in many locations, whereas

brightening has occurred since the 1980s and is still ongoing. In Italy,
the annual mean irradiance increased by 6.4 + 0.7 W m™ per de-
cade for the northern part of the country over the period of more
rapid brightening (1981-2013), but such an increase was much larger
during summer months (9.3 + 1.1 W m2 per decade; Manara et al.,
2016). It is now well understood that at least half of those changes
in surface irradiance was caused by changes in atmospheric short-
wave absorption (Philipona et al., 2009; Schwarz et al., 2020). The
recent lockdown due to the SARS-CoV-2 pandemic has led to a sig-

nificant reduction of industrial activity and transport in the most
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densely populated regions of the world: anthropogenic emissions
of GHG decreased (Le Quéré et al., 2020) together with co-emitted
species such as aerosols and their precursors (Bao & Zhang, 2020;
Broomandi et al., 2020; Ranjan et al., 2020; Tobias et al., 2020; Venter
et al.,, 2020). A detailed study based on ground and satellite obser-
vations, and on a radiative transfer model experiment, estimated
that in some Western European countries affected by the pandemic
(United Kingdom, Belgium, The Netherlands and Germany), the lock-
down-driven increase in irradiance in spring 2020 (March-May) was
on average 2.3 W m2, corresponding to a 1.3% increase compared to
the same period in 2010-2019 (van Heerwaarden et al., 2020). The
Global Carbon Project (Le Quéré et al., 2020) estimated that during
the same period the CO, emission of those countries was reduced by
68.1 Mt CO,. By means of those two numbers, a brightening rate of
0.033W m™ MtCOz'1 can be roughly estimated. Such a calculation is
rather simplistic as it does not consider, among other things, circula-
tion-driven aerosol advection in the troposphere. On the other hand,
Turnock et al. (2016) estimated that near-surface temperature in cen-
tral Europe increases up to 0.2°C per W m™2 of additional irradiance.

Significant brightening during the recent lockdown is confirmed in
this paper for another region: Friuli-Venezia-Giulia in the north-east
of Italy. The relationship between atmospheric moisture content and
solar irradiance in clear-sky days during April 2020 was different from
that observed in the same period of the previous 20 years (Figure 1).
Solar brightening increased by 1% during the lockdown.

Brightening associated with the pandemic is obviously an extreme
case, but it anticipates what might happen in the future in some areas
of the planet in response to policies aimed at a rapid and effective
reduction of GHG emissions. This reduction will also unavoidably
reduce the atmospheric burden of co-emitted pollutants, including
light absorbing and light scattering aerosols and their balance (Arneth
et al., 2009). Brightening will translate into extra energy that will be
partly absorbed by the surface with consequences on local warming,
evaporative demand and atmospheric circulation. Climate change mit-
igation policies must urgently consider risks associated with brighten-
ing and investigate, develop and test the most appropriate solutions

to avoid potential associated dangerous effects.
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2 | SOLAR RADIATION MANAGEMENT
STRATEGIES

The Radiative Forcing (RF) concept is commonly used by the
Intergovernmental Panel on Climate Change (IPCC) to ‘evaluate
and compare the strength of the various mechanisms affecting the
Earth's radiation balance and thus causing climate change’ (Myhre
et al., 2013). RF is the net change in the energy balance of the earth
surface expressed in W m~2 which is caused by any perturbation
of incoming and/or outgoing shortwave (SW) and longwave (LW)
radiation. Measures aimed at reducing the Shortwave Radiative
Forcing (RFg,,) fall within the broad category of Solar Radiation
Management (SRM) strategies. The majority of SRMs aims to re-
duce the amount of incoming solar radiation reaching the surface:
Stratospheric Aerosol Injection, Marine Cloud Brightening or Cirrus
Cloud Thinning are among those strategies and some are already
at the concept proof stage of their development (Tollefson, 2018).
Recent studies highlighted the risks and the potential climatic feed-
back of some of those SRMs, with emphasis on major changes in
storm track and storm intensity (Gertler et al., 2020), as well as on
their social implications (Reynolds, 2019). Seneviratne et al. (2018)
while reviewing the main concerns raised by SRMs, concluded that
climate engineering may indeed have a global impact but could lead
to strong regional disparities and affect rainfall patterns. This is why
the concept of regional Land Radiative Management (LRMreg) was
proposed as the ‘intentional modification of radiative properties of the
land surface’ at the regional scale (Seneviratne at al., 2018). LRMreg
implies the modification of the optical properties of urban, agricul-
tural and forest land uses. When surface reflectance is intentionally
increased, an energy imbalance is created as less energy is absorbed
by the surface; this is the negative RF,, which can be subtracted
from the positive RF,, caused by the increasing GHG concentra-
tions in the atmosphere.

Sustainable LRMreg strategies, their implementation and the po-
tential effects on RFg,, have been recently reviewed in a number of
publications (Bright et al., 2017; Hirsch et al., 2017, 2018; Lugato
et al., 2020; Seneviratne et al., 2018). LRMreg options can be briefly
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FIGURE 1 (a)Peak irradiance (kJ m™?) at Brugnera meteorological station (45.9189°, 12.5458°) in clear-sky days for 2 months after 1st
March 2020 (red dots, red line) and for the time series 2002-2019 (empty dots, black line). The data are fitted by cubic splines; (b) peak
irradiance ratio (peak at the surface BOA/peak at the top of atmosphere TOA) at Brugnera station vs. specific humidity (g kg'l) for the same
period of time. The data are fitted by linear regression (see Data S1 for methods)
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summarized in three categories of albedo modification, (i) with arti-
ficial solutions, (ii) with land/crop management approaches and (iii)

with bio-based strategies:

(i) A large number of studies considered the effect of albedo en-
hancement in cities and industrial areas using the so-called
‘white roofs’ concept to mitigate urban heat-island effects. Local
effects of changes in roof and pavements reflectivity were exam-
ined using models (Akbari et al., 2009; Hamwey, 2007; Jacobson
& Ten Hoeve, 2012) to conclude that this solution basically leads
to a reduction of urban heat islands and of interior temperatures
in summer (Seneviratne et al., 2018). More recently, the effect of
this type of albedo changes was confirmed for a number of met-
ropolitan areas in the USA (Sacramento, Houston and Chicago)
where models predicted that urban albedo enhancement from
0.2 to 0.65 could lead to a mean decrease in air temperature of
1.52 + 0.87°C with substantial differences between urban and
suburban areas (Jandaghian & Akbari, 2018). When the same
approach was used for the metropolitan area of Montreal in
Canada, the predicted decrease in air temperature was lower
(0.5°C; Jandaghian & Akbari, 2020).

Changes in land use and agronomic practices can modify surface

(ii

=

albedo on a much larger scale. Soil mulching with crop residues
and no-tillage management can reflect more incoming light and
mitigate the impact of heatwaves (Davin et al., 2014). Other
practices aimed at keeping the soil surface covered by vege-
tation in all instances, such as double cropping or cover-crops,
are considered to have a beneficial impact on both the local and
global climate, via changes in surface albedo and increases in
carbon sequestration (Hirsch et al., 2018; Lugato et al., 2020).
In spite of its high complexity, afforestation undoubtedly plays
a role in climate mitigation. It is generally agreed that tree plan-
tations or re-naturalization can reduce land surface albedo, es-
pecially in the case of coniferous trees (Luyssaert et al., 2018).
Such critical biophysical influence is also due to the modification
that forests exert on snow cover. Dense forests cause a decrease
of the contribution of snow to the overall land surface reflec-
tance, especially at high latitudes. This is why Lutz and Howarth
(2014) proposed a decrease in the rotation period of high-lati-
tude forests (i.e. the time between two consecutive harvests in
a managed forest), showing that this can increase the fraction of
shortwave radiation reflected by the surface via the enhance-
ment of the relative contribution of snow cover to the overall
surface reflectance.

(iii) Bio-based strategies to enhance surface albedo stem from the
fact that the reflectance properties of leaves show a high vari-
ability among plants, with traits which are often under genetic
control. For instance, some mutants of common crop species
bear leaves which are much lighter than the more widespread
cultivars (Figure 2). Hirsch et al. (2018) used a state-of-the-art
climate model (Hurrel et al., 2013) to explore how changes in al-
bedo of croplands can affect weather extremes which were in-
dicated as the most relevant Climate Change Detection indices

ST i e

FIGURE 2 Minngold (right) and Eiko (left) soybean varieties
cultivated in Italy in 2016

(Zhang et al., 2011). They also examined changes in the mean
monthly day-time maximum and night-time minimum tempera-
tures to evaluate changes in temperature distribution. They
assumed that albedo can be intentionally varied (increased) in
croplands by selecting existing cultivars differing in leaf pu-
bescence (density, distribution and structure of leaf trichomes)
and glaucousness (characteristics of leaf waxes; Doughty et
al., 2011). A meaningful range of variability in albedo was de-
rived from Breuer et al. (2003) for important crop species such
as wheat, barley, corn, oats, rye, soybean and sunflower. The
study concluded that plausible crop albedo could vary from 0.02
to 0.1. Model results based on such a variability did not differ
from earlier studies (Ridgwell et al., 2009; Singarayer et al., 2009;
Wilhelm et al., 2015) leading to the conclusion that the increase
in crop albedo can have substantial effects on the global climate,
when scaled to the entire planetary cropland area. These stud-
ies, however, neither considered the possibility of increasing the
reflectance of leaves by genetically manipulating their pigment
content, nor examined changes in yield that could be associated
with the albedo modification.

3 | LOW-CHLOROPHYLL PLANTS AND
RADIATIVE FORCING

The idea of enhancing the reflectance of leaves in the visible and
near-infrared range of the solar spectrum by reducing the concen-
tration of light-absorbing pigments in leaves is attracting increasing
attention. The photosynthetic rates of plant leaves have been con-
sidered to depend directly on their Chl content (Croft et al., 2017
Gitelson et al., 2014). A few recent studies have shown that mutants
with reduced leaf Chl content exhibit similar or higher gross Carbon
uptake rates and biomass accumulation (Gu et al., 2017; Paixao
et al., 2019; Sakowska et al., 2018; Slattery et al., 2017), even at the
canopy scale (Kirst et al., 2017). This is definitely not a universal re-
sponse as in some cases, plants with low-Chl content also have lower
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leaf-scale photosynthetic rates (Zhang et al., 2019) and reduced
yields (Genesio et al., 2020).

The upper layers of green plants absorb more light than they
can efficiently use. Pale green-genotypes ensure instead a better
distribution of light in the depth of the canopy space due to higher
transmittance (Long et al., 2006). The consequence is that more
leaves absorb light at a range of intensities that they can use more
efficiently, and the overall light absorption of a pale-green canopy
might not be necessarily lower than that of a fully green canopy.
Nevertheless, reduced light absorption and increased reflectance
have been documented for a spontaneous pale-green soybean mu-
tant under field conditions (Sakowska et al., 2020), thus supporting
the view that a better distribution of light in the canopy space may
limit, but not prevent, an overall increase in surface albedo. This last
experiment also showed that under steady-state conditions, the
Gross Primary Productivity (GPP) of the pale-green and the ‘green’
canopies were similar in spite of a detectable difference in the frac-
tion of absorbed photosynthetically active radiation (FAPAR).

Such a counter-intuitive relationship between canopy Chl con-
tent, light absorbance and photosynthesis in higher plants raises
two basic questions on the green nature of leaves: why do plants
have a dominant green colour? And why is the intensity of this co-
lour so high in nature? Answers involve the evolutionary trajectory
of plants. Higher plants derive from green algae which have evolved
by competing with prokaryotic purple and cyanobacteria. The
light absorption of those autotrophic microorganisms peaks in the
green region of the solar spectrum (Figure 3). Their outer antenna
structure, called phycobilisome, reaches the highest efficiency in
transferring excitonic energy to (bacterio)-Chl pigments whose
photosynthetic reaction centres catalyse primary charge separation
and electrogenic reactions. As a consequence, eukaryotic green
algae competed for light by evolving antenna systems based on Chl
and xanthophyll-proteins whose pigments were tuned for absorp-
tion of wavelengths not absorbed by prokaryotic antenna systems
(Morosinotto et al., 2003; Wientjies et al., 2012). This was achieved
by developing a multigene superfamily of light harvesting complexes
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FIGURE 3 Normalized absorption spectra (in Arbitrary
Units [A.U.]) of eukaryotic pigments (dashed lines): Chl a (dark
green), Chl b (pale green), carotenoids (orange) and prokaryotic
pigments (solid lines): Phycoerythrin (red), Phycocyanin (light
blue), Allophycocyanin (dark blue)

(LHC; Engelken et al., 2010). Competition in the oligotrophic con-
ditions of shallow marine environments played a major role in the
evolution of such maximization of photon capture.

The reason why plants contain such a large amount of Chl in
their leaves remains more elusive. As cell volume increases, inter-
nal optical path-length also increases, thus limiting the absorptive
efficiency of Chl-a molecules through spectral modifications due to
self-shading. As a result, larger cells tend to have relatively lower
intracellular concentrations of Chl-a compared to smaller cells, to
limit shading effects due to the packaging of pigments (Finkel et al.,
2004). This translates into a size dependence of Chl-a content which
was documented in the laboratory (Key et al., 2010) and in field
studies (Maradén et al., 2007). On short time scales, sunflecks are
produced by leaf/branch movements, thus increasing the heteroge-
neity of photon fluence experienced by individual chloroplasts and
cells. This makes the photosynthetic light harvesting efficiency of
Chls highly dependent on their localization within leaves and cano-
pies. Consistently, within natural canopies (Bauerle et al., 2020) and
crops (Bonelli & Andrade, 2020), deep leaf layers lie below the light
compensation point and limit biomass production (Dall'Osto et al.,
2005; Pérez-Bueno et al., 2008). Such light gradient-dependent lim-
itation of photosynthetic productivity is a problem for agriculture
and algal culture in photobioreactors (Dall’'Osto et al., 2019). As al-
ready pointed out above, the assumption that photosynthesis can be
estimated from Chl content is too simplistic (Li, He, et al., 2018). Chl
is an expensive chemical to be synthesized, chiefly for its high N con-
tent (Nunes-Nesi et al., 2010), making it problematic to understand
why plants accumulated high levels of Chl beyond those required
for maximal growth rate. Yet, the sessile nature of plants makes the
competition for light and nutrients a major factor for reproductive
success. Differences in light-intercepting ability conferred a dispro-
portionate competitive advantage, thereby confirming that under
productive conditions competition between species for this re-
source is size asymmetric (Vojtech et al., 2007). Extensive analysis of
Chl content of leaves in natural environment has shown that it may
vary over 20 folds depending on species, life form and geographi-
cal distribution (Li, Liu, et al., 2018). A large part of the variability is
associated with the coexistence of different plant species (Freschet
et al., 2011). Genetic factors and interaction with competing species
are determinants in defining pigment content and optical properties
of the vegetation.

On the other hand, the genetic basis for pigment content opens the
possibility of engineering canopy structure and reflectivity of domesti-
cated species through genetic manipulation. There are pale-green va-
rieties of a large number of trees, herbs, grasses, crops and ornamental
species. An extensive study using 67 soybean mutants with lower-
than-wild-type Chl content showed that a reduction in Chl content re-
duces photon absorption and translates into reduced C-assimilation at
the leaf scale (Walker et al., 2018). The averaged biomass accumulation
was however not reduced proportionally, and the reduction in biomass
inthe Y11y11 genotype, which showed a large reduction in Chl (>50%),
was only modest (Slattery et al., 2017). Compensatory effects were
attributed to a better distribution of light within the canopy space but
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also to increased photosynthetic efficiency due to a favourable change
in the vertical distribution of nitrogen and its partitioning from excess
Chlinto more ‘beneficial investments’ such as carboxylation (V__ . ) and
substrate regeneration (J__ ) efficiencies (Walker et al., 2018). The ob-

max
served modest decrease in biomass accumulation and yield was mainly
explained by pleiotropic effects associated with the nature of the ge-
netic lesions induced by the mutations, in addition to the decrease in
pigment content. This is consistent with reports of enhanced produc-
tivity of pale-green mutants in different plant species (Gu et al., 2017,
Kirst et al., 2017) and algae (Cazzaniga et al., 2014; Dall'Osto et al,,
2019), together with the enhanced light sensitivity of Ch1l mutants of
Arabidopsis (Havaux et al., 2004). These observations suggest that a
careful choice of genetic loci to be targeted is required for selection
of genetic strains with high photoprotection capacity (Dall'Osto et al.,
2019). A large variety of pale-green mutants have been associated
with changes in the composition of the light harvesting systems whose
biosynthesis requires the coordinated action of at least two pathways
for chromophore biosynthesis, namely for Chl and carotenoids and
the involvement of both nuclear and plastid genomes (Dall’'Osto et al.,
2015). Major classes of pale-green mutants include Chl a, Chl b and
xanthophyll biosynthetic enzymes, the genes encoding members of
the LHC family binding these chromophores, the genes encoding the
import of nuclear precursors into the chloroplast and the assembly of
the plastid-encoded and nuclear-encoded subunits of photosystems.
As an example, we focus on chromophore biosynthesis for LHC an-
tenna proteins, which bind most of the chlorophyll on Earth: a pale-
green phenotype can be observed upon mutation of either Chl a, Chl b
or xanthophyll biosynthetic enzymes and yet the phenotypes strongly
depend on the precise locus targeted by the mutation. Two mutations
on the same enzymes, the Mg-Chelatase, yielded a high-light-resistant
phenotype when subunit H was targeted (Chekounova et al., 2001)
while mutation on the gun4 regulative subunit yielded a photosen-
sitive phenotype (Formighieri et al., 2012). Also, the Ch1 mutant of
Arabidopsis thaliana, targeting Chl b synthase, yielded a highly pho-
tosensitive phenotype despite causing a strong reduction of the LHC
functional antenna size and of the complement of LHC proteins, due to
the promiscuous binding of Chl a on Chl b binding sites which affects
efficiency of energy transfer reactions (Croce et al., 2002).

In synthesis, engineering Chl content has implications for envi-
ronment, biomass production and crop yield. Yet, application to crop
engineering requires a profound analysis of phenotypes to identify
the genetic targets for the construction of high-yield phenotypes
with strong capacity for photoprotection against high irradiance.

The advent of such a new generation of low-Chl plants is prom-
ising. But an effective RF,, not only depends on albedo but it is also
site- and time-dependent. It is a combination of surface optical prop-
erties, solar zenith angle (Sieber et al., 2019) and irradiance. In a mit-
igation perspective, equivalent anthropogenic carbon emissions can
be converted to RF ,, by knowing the radiative efficiency or the abso-
lute global warming potential of CO,-equivalents in the atmosphere
(Myhre et al., 2013). Similarly, changes in surface albedo of a given
area can be converted into CO,-equivalents when surface irradiance
and its seasonal/diurnal course are also known or can be predicted

I e

with sufficient accuracy. Such conversion gained much attention in
the debate about the net mitigation potentials of afforestation; plant-
ing trees has been considered an effective way to sequester atmo-
spheric carbon in the biomass and in the soil while the decrease in
albedo, which is often associated with afforestation of grasslands
and croplands, may cause substantial positive RF,, (Luyssaert et al.,
2018; Sieber et al., 2019). The Time-Dependent Emission Equivalent
(TDEE) is a metric proposed to estimate emission equivalence of
albedo changes. It makes use of (i) the warming potentials of CO,-
equivalents, (ii) the duration of the change in albedo (permanency),
(iii) the absolute mass of CO,-equivalents in the atmosphere and (iv)
the RF,,, magnitude (Bright et al., 2016). A simplified version of this
metric was applied to evaluate the effect of the substitution of a con-
ventional ‘green’ soybean cultivar with a low-Chl mutant (Genesio
et al., 2020). This showed that a permanent change of surface albedo
for this crop would have differential impacts in different areas of
the world, being dependent on the fraction of productive soybean
area, on crop duration and the local/seasonal irradiance. The mini-

mum global annual mean RF,, was estimated as -1.69 W m~2in the

(a) 20-Jun 30-Jun 10-Jul 20-Jul 30-Jul 9-Aug 19-Aug  29-Aug
2

1

-1

Cooling (°C)
&

-6

-4
411
aNa el

-7

(b) 20-Jun 30-Jun 10-Jul 20-Jul 30-Jul 9-Aug 19-Aug  29-Aug
80

60

40

20

o

AH (W m=2)
b
o

—60

-80

-100

-120

FIGURE 4 (a) Difference in the mean daily daytime air
temperature in °C (10:00-16:00 h) measured at 2 m height

above the soil between plots cultivated with the soybean mutant
MinnGold and the commercial variety DekaBig in Ariis (Udine, Italy)
in 2017. (b) Difference in the mean daily daytime sensible heat flux
(H) measured for the same plots by means of eddy covariance in

W m™2. The bars are coloured to outline weather conditions (legend
in the figure). The 15-day running means of air temperature and
sensible heat flux differences are shown as solid lines



GENESIO ET AL.

e Y

regions where soybean is the dominant crop and weather conditions
are the most favourable in terms of irradiance. The global substitu-
tion of this crop finally led to a negligible global estimated RF,, of
-0.003 W m™2 which is equivalent to 4.4Gt CO,-eq., globally.
Increased crop reflectance translates into reduced light absor-
bance and, hence, into an overall reduction of net radiation. If less
energy is absorbed by the canopy, less energy is available for photo-
chemistry, but this may be compensated by the increased efficiency
in carbon fixation (Sakowska et al., 2018). On the other hand, less
energy is dissipated as latent and/or sensible heat with obvious con-
sequences on crop water use (transpiration) and/or on the local cli-
mate (cooling). Transpiration rates of a pale green soybean mutant
measured in the field by Sakowska et al. (2018) using heat-balance
sap flow gauges were reduced by approximately 25%. In a subse-
quent experiment, a significant decrease in air temperature was ob-
served at 2 m above the pale-green canopy during daytime hours
(Genesio et al., 2020) in response to a decrease in the sensible heat
flux (Figure 4). These ‘local’ effects of the introduction of low-Chl
crops are of importance and may certainly provide positive side ef-

fects to climate change mitigation policies.

4 | MITIGATION OF SOLAR BRIGHTENING

Our opinion is that low-Chl crops can contribute to the mitigation
of the expected solar brightening while having additional benefits.
Brightening is already ongoing in most industrialized areas and is ex-
pected to be further increased in the future as a result of measures
aiming to reduce GHG emissions. Such an effect is rarely considered in
the climate change debate. It is worth reiterating here that brightening
will inevitably be associated with the decarbonization of our society.
The warming effect of increased shortwave irradiance (positive RFy,, )
will then offset, at the local scale, a fraction of the negative RF,,, due
to reduced GHG emissions. Field experiments made with a pale-green
soybean mutant in northern Italy showed that RF,, was reduced lo-
cally by 4.1 £ 0.6 W m™2 during the crop cycle (May-September) and
by1+0.1W m~2 on a full year scale (Genesio et al., 2020). We believe
therefore that the introduction of novel low-Chl content crop spe-
cies will have a critical importance in future climate change mitigation
(Arneth et al., 2009; Seneviratne et al., 2018).

5 | CONCLUSIONS

The recent SARS-CoV-2 pandemic indirectly provided a clear exam-
ple of the local environmental implications of a rapid decarboniza-
tion of our society. The slowdown of industrial activity and transport
during the generalized lockdown led to reduced GHG emissions and
increased RF,,. This was a preview of what is expected to happenin
response to the implementation of the mitigation policies central to
the Paris Agreement. A rapid reduction of GHG emissions is likely to
be associated with solar brightening in the most densely populated
areas of the world.

This message should be conveyed to policymakers together with
the idea that new low-Chl highly reflective plants may be used in
agriculture and forestry to mitigate local impacts while not endan-
gering crop and fibre yields. Genetic targets for the creation of those
new plants are partly identified, but more research and extensive
testing are still required to address numerous challenges. Full evi-
dence should be provided that (i) genetically modified low-Chl plants
can sustain or even increase mean crop yields and ensure effective
reduction in RFg,, under different climates; (ii) local atmospheric
feedback, that is, the impact of low-Chl plants on the local climate,
does not impair growth and the susceptibility of crops to biotic and
abiotic stress; and (iii) current farming practices are adequate to
support the expected changes in surface reflectance and to ensure
yields and food quality of the new crops.

A new generation of highly reflective plants and their introduction
in agriculture and forestry need to be examined together with their
acceptability to farmers and society. Farmers may be concerned es-
pecially if benefits are not directly tied to productivity while changes
in the colour of traditional landscapes may conflict with priorities of
landscape attractiveness. However, it is worth noting here that pro-
found past changes in agriculture and silviculture have already modi-
fied farmers’ perspectives and landscapes, without noticeable impact.

We finally recommend that new interdisciplinary research is de-
signed, involving molecular biologists to foster the creation of new
plants, climate modellers to carefully assess their potential impact
on radiative forcing from local-to-regional scale, and agronomists
and eco-physiologists to assess their performance in different

environments.
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