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Rhizoshere effects on plant availability

Pflant availability = f(conc. in soil solution, chemical speciation, plant physiology)
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Main research questions persued

What are the effects of root exudates #%
(carboxylates, siderophores) and rhizosphere F'&+

REEs in soil?

How do changes in elemental speciation affect |tk udl)
the uptake of Ge and REEs in plants? 3 i

Do below-ground functional traits in nutrient s
acquisition influence the availability of Ge and g
REEs to soil-grown plants? '
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Methods | — Lab- and greenhouse-experiments

1. Mobilization and speciation of REEs — effects of artificial root exudates

1, 10 mmol/l Citric acid (pH 5,8; 3,7)

Arable soil 100 pmol/l Desferrioxamine B (pH 7,5) T ICP-MS
(PH 7.,7) reference 1 (H,O — pH 7,6) N LC-ICP-MS
reference 2 (HNO; — pH 3,7)
2. Effects of artificial root exudates on the availability of REEs
i Single treatment with 0.5 of gg 1,
Phalaris arundinacea * 10 umol/l Ge, La, Nd, Gd, Er (CP-MS
(reed canary grass) hydroponics <+ 10 umol/l Ge, La, Nd, Gd, Er i
+ 100 pumol/I Citrate pH 6
+100 umol/| Desferrioxamine B




MS results of soil extracts
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Wiche et al. (2017) International Journal of Phytoremediation 19, 746—754.



Results 2: Effect of elemental speciation on the uptake of Ge and REEs

100 -

Shoot contents (ug)

0,1

ia

QO

777777700000

(] Reference B 100 ymol I DFO-B & 100 umol I Citric acid

Ge

La

Nd

Gd

Er
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- Free REE-lons as well as DFOB-REE complexes can be taken up by the plants while
REE-carboxylate-complexes are discriminated relative to the ions during uptake.

Wiche et al. (2017) International Journal of Phytoremediation 19, 746—754.



Half-way mark summary

* Acidification and presence of citrate
and DFOB increase mobility of REEs in the
rhizosphere

* Carboxylate-complexes of REEs (and most
probably also Ge) are not available due to a
discrimination of the complexes during uptake

[CHoNE



Methods |l — field experiments

Soil texture, pH | SOM Ge La Nd Gd Er
H,0
% mg/kg
Ls 7,8 6,2 1,7 32 21 3,8 1,9

E Y P-efficiancy
Forbs

Lupinus albus

Lupinus angustifolius
Brassica napus
Fagopyrum esculentum

Grasses

- Zea mays

- Avena sativa

- Hordeum vulgare

- Panicum miliaceum

- Miscanthus giganteus

- Phalaris arundinacea

- Miscanthus x giganteus
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Resulis 3: Effects of below-ground functional traits in
nutrient acquisition on the accumulation of Ge and
REEs in plants

Results of a PCA based on concentrations of Mn, Ge, Si, Fe and selected REEs in shoots of
9 plant species with different P-acquisition-strategies and —efficiencies

431 — g T
OL. albus OL. angustifolius n
35 ¢F. esculentum AH. vulgare
' O A. sativa ¢Z. mays 04+ —
BP. arundinacea XP. miliaceum P
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Leaf manganese accumulation and
phosphorus-acquisition efficiency

Hans Lambers', Patrick E. Hayes', Etienne Laliberté’, Rafael S. Oliveira™, and

Benjamin L Tu mer ™"

"School of Plant Bidogy, Tha Univarsity of Westem Austrafia, Stirling Highwery, Crewiey {Parth], WA 6009, Australia
*Dopartamanto da Biclogia Vagatsl, Univorsidada Extadunl do Campines, Pun Montwins Lobato 265, Campinas 13083 862, Brasi]
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Plamts that deploy & phosphorus (Fl-mobifisng stralegy
based on the release of carboxylates tend to hewe high
leal manganese concentrations [Mnll. This ocours be-
cause the carboxylates mobilise not only soil inorganic
and organic P, but also a range of micron utrient s, includ-
g Mn Concentrations of most other miononu nents
increase to 8 small extent, but Mn sceumulates to sig-
nificant levels, even when plants grow in soil with low
concenirations of exchangesble Mn availability. Hera
wit proposs that leal (Mn) can be used to select for
penotypes that are more effident at acquidng P when
soil P awilability is low. Likewise, lsaf [Ma] can be used
to soreen for belowground functonal traits reated to
nutrient-acquisiion strategies among species in low
habitats.

Phioap bonss-aoquisiSion sateghes
Here we explare the iden of wsing leaf ol o ndieate a
carbaxy lnbe-relensing Poacquisibon strategy, The ratio
nale behind this contention s thai the availability of both
I* nned M sre inerensed when roots release mrbaocdates
into the rhizesphere [1] (Figore 1; see Glossary), The
aviiilahility of some: o ther micramatrients is olso enhanoesd,
but muest of thess do not kad to o signal ws strong as that
provided by Mn The release of corbocplates ino the
rhizeephers is impartant for P acquisition, becauss they
maobilise not o by inargamic P, bul also organic P, which eon
b mugar Frction af sail P, espeaally when P availabiity
is low [2],

Adbdressing this topic is timely, beavuse there is o grow
ing mierest among plunt scologists in belowgrmmd fune
trmal traits, to complement the suite of vasy bo-measmre’
nbavegmund traits [1]. Furthermore, becouse of the grad
ual decline in phosphate rock that & used to pmducs P
fertilimers [4], there & mm incrensing need for  mone
Poefficient cropping systems [5]. Thersiirs, o simple tool
0 sereen for Prasquisition effidency i crop species would
bt weloamed by ngronomists md plant breeders

Cormaponding mthor Lebiem, 1 (Gans borsrestbomandw mi
Koy covis ensteryiatem araatnn - =
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Manganese as & plant nutrent

The signifirance of Mn as on essentinl plint nutrient was
fimmly estoblished m 182 [6]. More ecent work hoas
reveiled the rale of Mo in redox processes, as anactvator
al a lurge range of encymes, and o8 o cofivctor of a small
mumber of ensymes, inclhading proteins required for bght
indumd waler oxidotion in photosestem 0 [78l Crop
plants thal rostain 50 pg Mo g™ dry weight (DW) in their
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amounts of carboxylates

= High shoot [Mn] indicates P-efficiency through exudation of large
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Rhizosphere properties of L. albus

Water extractable element concentrations in bulk soil and rhizosphere soil of L. albus

P Fe Mn Ge La Nd

pg !l
Non-rhizosphere 1318 32249 192 1.5 15.3 12.4
Rhizosphere ' 506 ‘ 7507 136 '0.2 ' 3.8 ' 34

Carboxylate concentrations in bulk soil and rhizosphere soil of L. albus

pH Oxalate Citrate Malate Laktate
mg 1!
Non-rhizosphere § 6.5 + 0.1 1.2+0.3 ‘< 0.5 <0.1 27£0.5
Rhizosphare '6.2 +0.1 ‘3.3 +0.2 21+14 ‘0.2 +0.1 29+1.8
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PC 2 (22.6%)

0-6 T T T T T T T T T T T L
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Results 3: Variability of Ge and REE in plants — effect of
rhizosphere properties?

4 2 0 > " 6 8 -0.16 0.04 0.24 0.44 0.64

10
PC 1 (53.7%) ‘@ ® \ PC 1 (53.7%)

L. albus and L. angustifolius are P-efficient by releasing large amounts of carboxylates in the rhizosphere
Hence, these plant species strongly mobilize REEs in the rhizosphere by the formation of soluble
complexes. However, the complexes cannot be taken up by the plants resulting in very low REE
concentrations.

B. napus and F. esculentum do not deploy carboxylates to accesss P in soils. Instead these species acidify the
rhizosphere followed by a strongly mobilization of REEs together with Fe and P. The mobilized REEs are not chelated by
carboxylates and thus the free ions can be taken up by the plants resulting in high REE-concentrations in shoots.

Grasses release siderophores to improve availability of micronutients (particularely Fe) in soils. This also increases
mobility and uptake of REEs 12



Conclusions

Availability of REEs (and Ge as well) is clearly controled by processes in the
rhizosphere

Ge accumulation in plants mostly follows a Si-acquisition strategy in grasses

REE accumulation seems to depend on the chelation strength of root
exudates and most probably depends on below-ground functional traits in
Fe-acquisition

In our current project we are exploring interactions between functional
traits during nutirent acquisition (P, Fe) and REE-concentrations in plants
along the Western Australian soil chronosequences. The outcome will
improve our understanding in processes influencing REE-uptake and
accumulation in plants. We hypothesize that concentrations and
fractionation pattern of REEs could be potentially used as easy measureable
indicators for nutrient accquisition strategies in the rhizosphere of plants.
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