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Interactions between root exudates and
the root microbiome in plant iron acquisition

Plant X fungal endophytes: friend or foe, or, both?
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Managing nitrogen for higher yield with lower
environmental costs in sub-Saharan African croplands
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Alberto Canarini
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It was during spring last year, that I first came across
an inspirational paper entitled “Core microbiomes for
sustainable agroecosystems”, published in Nature Plants
by Prof. Hirokazu Toju. And it is thanks to him (and the
JSPS funding agency) that I can be here for the next two
years to investigate my favourite topic: plant-microbe
interactions!

There is great interest in the development of plants
that efficiently mobilize iron and prosper in soils with
limited iron availability. It was recently discovered
that plants modulate inputs to soil (root exudates)
in response to iron deficiency triggering changes
in the soil microbial community that facilitate iron
acquisition.

In my previous positions at the University of

Sydney (Australia) and the University of Vienna
(Austria), I have worked on the effects of climate
change on the interaction between plant carbon
inputs and soil microbial community, and their
implications for soil carbon stability. Soils
contain about twice as much carbon as Earth's
atmosphere and boosting new C additions to
soil and enhancing physical protection of the
added carbon are prominent areas of research
to mitigate raising atmospheric CO.
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A Tigure 1. Me at a field site of a climate change facility
to study the interaction of warming, elevated CO2 and
drought (Austria).

During my stay at CER I will try to learn new

Therefore, the intriguing possibility exists that plants have
specialized to release compounds in the soil to modulate
the abundances of microbes involved in iron acquisition
as shown for other nutrients.

The development of my project it is still at early stages,
but I already want to thank everyone at CER for the great
welcoming I received.

techniques in microbiology, which in combination
with my previous expertise in metabolomics will
help to achieve a more complete understanding on
the complex interactions between plant and soil
microbes. I will apply this approach to a process
with high relevance for agricultural production:
plant iron uptake. Indeed, iron deficiency hinders
plant growth and lowers crop yields and quality,
especially in calcareous soils, which account for
approximately 30% of the world’s cultivated soils

Global Iron Deficiency

Photo credi: CIMMYT

with important consequences for human health.
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Plant X fungal endophytes: friend 0-

Yin-Tse Huang
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I am grateful to have the opportunity to work as part
of the team in Hirokazu Toju’s laboratory. In Toju’s lab,
we are answering a variety of ecological questions by
applying combinations of both conventional and high-
throughput approaches. For example, I am studying the
symbiotic interactions between plants and fungi in varied
environmental and biological conditions. We seek to
use the obtained data to construct a quantifiable system
allowing us to manipulate microbial communities suitable
for conditions where to be applied.

To efficiently select a subset of microbes meeting the
desired effect, a quantifiable system of the microbial
community would be very much helpful. Take the plant /
microbe system as an example, when adding plant growth-
promoting microbes in soil, we would like to see plants
use nutrients in soil efficiently with the aid of the added
microbes. Consequently, a scoring system that based on
plant growth, microbe functionalities, and levels of nutrient
availability is informative for selecting microbes to be
added.

We take advantage of the manipulability of plants
and fungi and are using the system for studying their
interactions under varied environmental and biological
conditions. I co-grow the plant Arabidopsis thaliana and
combinations of three proven beneficial fungal endophytes
(Colletotrichum tofieldiae, Cladophialophora chaetospira,
and Piriformospora indica) to study their interactions
under phosphorus sufficient / deficient conditions in
different plant developing stages.

Because each of our fungal strains promotes the growth
of varied plants when phosphorus is limited in the
environment, we hypothesize, when co-growing, additive

under phosphorus deficient condition. While the growth
of plants inoculated with £ indica were not encouraged
but got stunned from the early stage. In the combination
of C. tofieldiae and C. chaetospira under the phosphorus
deficient condition, no beneficial additive effects were
observed as the biomass of plants were slightly lower
than when inoculating these two fungi separately. In the
combination of C. tofieldiae and P indica, plants were
significantly stunned or even overgrown by inoculated
fungi, suggesting the switch of beneficial to pathogenic
form of the fungi. After obtaining the RNA data, I will apply
the scoring system developed in Toju’s lab on the collected
phenotypic and transcriptomic data to measure the
goodness of the introduced microbes.

With that, it deepens our knowledge of how exactly
microbes interact with the host in different conditions. A
scoring system of microbes can be readily applied to other
fields by substituting parameters for desired outcomes.

A Co-inoculation of plant and fungal endophyte.

beneficial effects of these fungi on the plant would be
observed. Consequently, the alternative hypothesis
is that fungal species might be competing with each
other for limited nutrients and resulting in neutral or
even detrimental effects on the plant host.

We are finishing the sampling of plant roots co-
cultured with different combinations of fungi, and
are conducting a test-run for dual RNA sequencing
approach of our samples. Phenotypically, plant
roots inoculated with C. tofieldiae and C. chaetospira
showed promoted growth in every plant stage
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Nitrogen (N) management in crop production holds
one of the keys to address the triple challenges
of food security, environmental degradation, and
climate change. In my master and PhD studies,
I have been working on the N biogeochemical
cycles—at the field scale—in the tropical
agroecosystems (i.e., sub-Saharan Africa; SSA),
trying to develop better N management practices
to approach the balance of food and environmental
objectives.

In SSA, the rapid population growth and historically
unproductive croplands together are driving a
substantial pressure for this continent to be food
self-sufficient. Agricultural intensification with
increased resource input is both desirable and
inevitable, yet fate of added-N is poorly understood
in SSA croplands. I therefore conducted a multiple
site-year experiment to evaluate the effects of N
management practices on (1) the N partitioning
within the soil-crop system and accordingly the crop
yield response; (2) the N losses through different
pathways (include ammonia [NHgz] volatilization,
nitrate [NO37] leaching, and nitrous oxide [N;O]
emission) from maize systems of the Tanzanian
highlands.

A monitoring system for the soil-water-plant-
air continuum was established and samples of
soil, leachate, plant, and soil-

in Mbeya showed higher and stable yields with
lower N losses (particularly NO3™ leaching) even
when subjecting to a large inter-annual variation of
climate factors (e.g., rainfall), while maize systems
in Iringa produced much less grains with high inter-
annual variations, and higher N losses (Figure).
Therefore, cropland intensification in SSA should
prioritize regions with "fertile and resilient" maize
systems like in Mbeya, while for "leaky and fragile"
systems like in Iringa, recovery of the soil health is
needed before a satisfying response of yield to the
N management can be obtained.

Increasing crop production remains a first-order
priority in SSA, and an improved understanding of
the potential environmental impacts of increased
fertilizer-N use accompanying the agricultural
intensification will be of great help to inform efforts
toward the sustainable development in this region.
This research provides some of the first in situ
evaluations, including the NH3, NO3’, and N0 losses
in response to N practices, and the applicability of
organic resources (e.g., maize stover) to mitigate
NOj3" loss in two maize systems of the Tanzanian
highlands. The results are valuable references for
designing the N strategies targeting higher yields
with lower environmental costs for the cropland
intensification across different agroecological zones
of SSA.

emitted gases had been

Yield vs. fertilizer-N
NO; flux vs. fertilizer-N
N,O flux vs. fertilizer-N

Yield vs. (fertilizer-N + stover)
NO; flux vs. (fertilizer-N + stover)

N,O flux vs. (fertilizer-N + stover)

grpompre

Figure Average maize yield (Mg ha™), NO,’ flux
(kg Nha'yr'"), and N,O flux (kg N ha™ yr'") in

(a) Iringa
collected continuously for up ®1 " Optimum N range:
to four years. Two sites with | e
contrasting soil type (i.e., ~
Iringa, sandy Alfisols; and %, 1]

Mbeya, clayey Andisols) were i’

included to represent different :7 z ' '
agroecological zones. Based on | § |(b)Mbeya

the analyzed data, I defined the fgf’ 1 Telonnamy
optimal N ranges (Figure) for 2

the two representative maize 21

systems, which helps to improve 1

the yield while minimizing the o e

response to external N input (i.e., fertilizer-N or
L 40 fertilizer-N plus straw) in Iringa (a) and Mbeya (b)
sites of Tanzania. Solid lines are fitted for sole N
input (four N rates), while dash lines are fitted for

all external N input (six N rates). Optimum N rates

w
o
Average NO, flux (kg N ha yr')

w
Average N,O flux (kg N ha™ yr'")

were determined under the sole N input scenario,
r2o and as the N rates where the difference between

yield and NO; flux (after normalized into a same

scale) reaches maximum.

potentially adverse losses of N to
the environment. Maize systems

External N supply (kg N ha™)

150 200

— vy —HDOHS



VLI CEREDOAR

BOE 0iE3

_y ..

WPKRE WEBREHREHARCYY— HE.
THO0ERVOEDBRSEYZHEMUERZOHRSE.
BLP HEERZOHNOHEIZDHIT,

2020 4F 10 H & 0 i RPANEKBRBE BB WIZe 2 > 2 —IC B U E U7z, 2005 EICEENHCEMEL . S 512 % T & 1994 4F,
KB & UT FiA (HZEREDITEHD) ORERFEOME LW TH S, UDIK 26 4ELDRANKRNE L, LREFORGE
TRHUATRIEE o)), izl U CYIRERE LI KRB 725 ERENFOEEICITKES LNz b, wikz it
WU BD A IN—, Z LT, MIEREIZHBO FTYA T BEE >R/ BOEEA, COLEMBY LI B L LT ET,

20204E3HICHIBRWF VY 2 7 R EKR T L.V
R— = a— A5 THEEMNDOREOBREZ L 7iE
MO TIH CHERICHUBINNOBREE LIz 3
eIl VE . GBICEDHRIOF v
IS B A DA D TR A DY B W N i 72 Bk
HBHL. INETlli> TERMIFDBHDEHKD £9°,

FAD A REZ 7L D i 1d e T U Tz ZE MR IS H
YR ZHL L TO RO T, T8 Z B L I35
Tl AP IEBEL THAM SN ZTY
WTW el MR EZIE 72 TSz AF 2 — NI
MESNT . HBOMKEZEEZS LEVIBEX L, Z
U T M2 TR 2220, K2R D 5 ZIR IR O FHI
%z 7 ¢+ — )V L LTHlERDITEIER 225D %
CEIHESTEDTT, HLWLIRERLWKEES HH,
aEkdZ e TEINELE,

ZO%VEEHOMEL SO E LEN, YEFOFAIE
e 0 BUR IR AEE T Uz, IKIZERED X 2 N— 1 5,
EEMOMZEZ L TWE LKk, e

DNEBHRDOHANEH DRI DRNZ T &
ZIEZDICED U T, Wik - B AT L2k
e LTHRTZ ez Wiz NEDOREE
fEDFTVET,

REDFEZ O 0 TN ], e 2 B 2 5
EKOBECTZC 3 BEIEAETT, LML, ERE
MDA & & WA B HAYEIN 225 E W O REWF R i
RERDTHABR L RETI2REEEDE LI, Z
T AMEHRIEESE S T & TREMNRIIZEZ #E
T LT EeNEONTOE U, LEMIDRILTE
IFR30ENMREI L TVET, ZOMDERERED
FIBICWE . HREFLVEODD D 9, #Hi LOAGES®
Fitli 2 ZICRIN T Z B 5 0IRED TN S DA
220 TS NNIE . ALTT,

EIRAER T L RMA KRB DR (BT T A<y
H—H—1951) ]

BICHIT > X0 DR G SO D IR
550 L ERIFICHEVEZED S
DEIBREFEELTVELEDT.H
Bhb TS5 Tahunh sk
XIEEDONDZHEMTT, ZAGEKY
Zhh <MWZ AN ERRYEDORFES %2
L& THICHA T EE o0k
F.mERLXDLENLRZM L Tikin
U7z KRB DR 72 B D 3552 THHES
HELULTHBAON WRET Z LT %
TENTEE L EREMOMEDOREZ
EWMRDOZ MRS LT BEDRIZ
FHELABRVEVLSTEMSTHD F
Ao
INETOMHRNEZIRDIES &,
TN —EBEORVIEH VR
DTIRERZZITE MZ AR E
WCHO flATEE L, EEWREKD
AR S )11 72§32 T KSR WA I =
HHER IEREROWIZE 2 L T, ik

AFEEHOEET = T0 7 R RO R L.
FHARRRICIE, HRBOM U ET L 5 5 OAMEEIT Uiz,

Uy — kBRIl Hl->T—



RESEARCH HIGHLIGHTS

W AN T Y R AF T BAEL RMOIE DRy b7 — 2
RO E T BER DT LY 7 —

AX 1. TYIOEESHNDEIVNFINF, FEITDONTOS VIR
1 TH %, {EERBNERWS 5 BIT, {ENEED DIENEA TIER)
P—UCZAERIT B,

Eh v L) Z
N ST L
Wi wEy
REPRPEESHARCYY— BB | .
SPyFiEYEES |

Metelmann S, Sakai S*, Kondoh M, Telschow A* (2020)
Evolutionary stability of plant-pollinator networks: efficient
communities and a pollination dilemma. Ecology Letters
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Kitayama K*, Ushio M*, Aiba S-I (2020) Temperature is a dominant driver of distinct
annual seasonality of leaf litter production of equatorial tropical rain forests. Journal of
Ecology DOIL:10.1111/1365-2745.13500. *KK and MU equally contributed to this work.
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Nishio H*, Nagano AlJ, Ito T, Suzuki Y, Kudoh H* (2020) Seasonal
plasticity and diel stability of H3K27me3 in natural fluctuating
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