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Addressing questions about ecosystem nutrition:
main concepts and pitfalls
(a personal point of view)
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Why worrying about plant nutrition?

Ecosystem

Nutrition

N:P ratio

The world 1s simple:
“Tropical ecosystems are phosphorus limited
whereas boreal ecosystems are nitrogen-/imited”

Empirical approach Modelling approach
180 - v foliar
160 * » litter NP
ol (T — P limiting
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McGroddy et al. (2004, Ecology, 85, 2390-2401) Wang et al. (2010, Biogeosciences, 7, 2261-2282)
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Why worrying about plant nutrition?

The world 1s simple:

* " “Plant growth is driven by the resource in lowest availability”
[taking Into account the stoichiometry of plants need]

< Liebig’'s law of the minimum

N addition

—

Source: Wikimedia Davidson & Howarth (2007, Nature, 449, 1000-10031)

Justus Freiherr von Liebig
(1803-1873)
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LeBauer & Treseder (2008, Ecology, 89, 371-379)

Of course, reality Is more complicated:
Plant’s response to N-addition Is widespread, " essss
and not particularly prominent at high latitudes

Letters, 10, 1135-1142)

1.9] Nitrogen fertilisation
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Augusto et al. (2017, Global Change Biology, 23, 3808-3824)



DFG The same applies to phosphorus:

Ecosystem
Nutrition

Plant’s response to P-addition is widespread, &, &0 oo
and not particularly prominent at low latitudes

1.9] ——
2.5 1 Py ® Forest (52.5%) Phosphorus fertilisation
@ Grassland (36.8%) :
2.0 1 @ Tundra (43.8%) o ‘4 r=+0.02
) @ Wetland (52.9%) © 1.0 . * . (P =0.860)
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Hou et al. (2020, Nature Communications, 11, 637, 1-9) Augusto et al. (2017, Global Change Biology, 23, 3808-3824)



UFG . -
Not only nitrogen or phosphorus are limiting

Ecosystem
Nutrition

- Potassium

(Jordan, 1985; Tripler et al. 2006; Lloyd et al., 2015; Sardans & Penuelas, 2015; Yauvitt et al., 2011)

- Calcium

(Vitousek & Sanford, 1986; Naples & Fisk, 2010; Baribault, Kobe, & Finley, 2012)

- Micronutrients (ray et ai., 2015: White et al., 2012)

nagure LETTERS

p ants PUBLISHED: 6 JULY 2015 | ARTICLE NUMBER: 15080 | DOI: 10.1038/NPLANTS.2015.80

Grassland productivity limited by multiple
nutrients

Philip A. Fay et al.*
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Control of N

biological fixation S

COUPLED BIOGEOCHEMICAL CYCLES

Nutrient limitations are more synergetic than sequential:

Symphonic Orchestra

~._ o Production of
phosphatases

Multi-element regulation of the tropical
foreSt Carbon CyCle Front Ecol Environ 2011; 9(1): 9-17,

Alan R Townsend'", Cory C Cleveland’, Benjamin Z Houlton’, Caroline B Alden®, and James WC White®
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Many ecosystems may tend to a
dynamic N-P colimitation:

.

N P
limitation limitation

Adapted from
Davidson & Howarth (2007,
Nature, 449, 1000-1001)

- Selective mining activity
(extra enzymes, organic acids, ligands, ...)
- Biological nitrogen fixation

- Plasticity of plant composition

Bloom et al. (1986, ARES, 16, 363-392)
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At the global scale, single-serial limitation (N limitation

Ecosystem
Nutrition

or P limitation) co-dominates with NP colimitation

42% of NP colimitation
no limitation
= : No response (131)
Negative response (95); 16%

8 5
2 o7 Single limitatiort (95) NP colimitation | 42%
5 V2 N
S _ Serial(t41) N limitation . N limitation
O < T c c .
3 S| sub-addive (22 : or P limitation
o B “‘\\\

N _| Independent co-limité{ig;i? (-(-35-)4 - . . . T T 1

1 1l NP colimitation P limitation

Simultaneous co-limitation (‘I\M&\
= s SRR, S s 42% of single-serial limitation

1.01 105 1.1 1:2 ;1.5 2 4 8 16 32 I . .- .
10%  385% 100% (N limitation or P limitation)

Biological response effect size factor, relative to control

9
Harpole et al. (2011, Ecology Letters, 14, 852—-862) Augusto et al. (2017, Global Change Biology, 23, 3808-3824)
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- Both single-nutrient limitation, NP colimitation and

First set of conclusions in a nutshell:

Nutrient limitations are widespread

multiple nutrient regulation exist

So what?
How to assess ecosystem nutrition?

10
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nutrients and assess the consequences
' (i.e. fertilisation experiments)

UNI
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+P  +N
Block 1
+NP control
control +NP
Block 2

11
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Fertilising forests: not a trivial method
. a———
& Enables to control the factors Add

@ Fairly straight forward to interpret
Out

Occupies large areas

Difficult to install in heterogeneous areas

(mountains, high biodiversity, ...)

Response Dose effect (Hou et al., 2021, Ecology Letters)
Effect may vary over time (Fay et al., 2015, Nature Plants)
@ May depend on plant age and on plant species

Trial setup

12



UFG May depend on plant species

8
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13
Rubio et al. (2010, Grass and Forage Science, 65, 102-109)
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@ Plant nutrition = Ecosystem nutrition
Nutrition
L acosystem nutrition
plant nutrition ™ ‘
y N
(SPP 1685)
individualorganism .| . i - = eco‘system

Pervasive phosphorus limitation of tree species but
not communities in tropical forests

Benjamin L. Turner!, Tania Brenes-Arguedas' & Richard Condit!
Nature, 2018, 555, 367-370

14



DFG Assess the nutrient

composition of plant foliage

Nutrition

Sampling Chelmical Compare with
analyses
Torage. y Saloes

foliage

d! 5 | e
A\

https://cdnsciencepub.com "
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NUMERATION GLOBULAIRE

Leucocytes
Impédance électrique

Hématies
Impédance électrique

Hémoglobine
Photometrie
Hématocrite
V.G.M.
T.C.M.H.
C.C.M.H.
|.D.R.

Measured

values

HEMATOLOGIE

Chemical
analyses

— 4,2
:: > 4,58
13,7

41,1
89,8
30,0
33,4
14,3

Sang total

G/L
T/L

o/di
%
Pg
o/di
%

Reference
values

VR 4,0- 11,0

VR 4,6 - 62

VR 13,0 - 18,0

VR 37,0-50,0
VR 79,0- 97,0
VR 27,0-32,0
VR 31,0-36,0
VR 12,3-17,0

E—

Range of
‘normal” values

S

—

16
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Analysing foliage: not a trivial method .E |

Ecosystem = OT——————
_ _ %J‘f #2
+% @ Fairly easy and cost-effective method 22| ~am,,

@ Straight forward to interpret
but
| Only during the vegetative period
Constraints o . _
- Composition varies over time
@ Composition varies over tree life
© Reliable reference values only for common species

17
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SPP 1685: CSIRO Handbook (1997) Excessive: may not
Ecosystem , show toxicity symptoms
Nutrition Adequate: defined %
Deficient: Marginal: experimentally or 2 N
visible symptoms  no symptoms  derived from field Toxic: showing
of deficiency observations High symptoms
A A A A A
Y Y g Y N
100% *{ }+
e I
Very difficult to :\ / |
measure for c i |
B I
mature trees 2 5! Reference values are
e} @ : - 2
growing In natura | - &3 g1 oftenintuitively  $i3
o= c . Qe
o % sl e defined for tree LI
= E ol ® - ol &
3 EIE-3 species 21g
22 318 & handbook- B
S S dependent ol
|
|

(...._.

Nutrient concentration in plant part

Very simple to measure
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Defining reliable reference values iIs possible for

@ Intensively studied species (meaning a lot of data).
For instance Norway spruce, Scots pine, European
Beech...

ORIGINAL PAPER

Comparison of new foliar nutrient thresholds derived from
van den Burg’s literature compilation with established
central European references

Karl Heinz Mellert - Axel Gittlein Eur. J. For. Res., 2018, 555, 367-370

Things are different for other tree species...



van den Burg J (1990) Foliar analysis for determination of tree

nutrient status—A compilation of literature data; 2. Literature
1985-1989. ,,de Dorschkamp*® Institute for Forestry and Urban
Ecology, Wageningen, Niederlande

4. Visual deficiency symptoms:

a. observed

b. threshhold value or threshold range

\

6. Intermediate ({adequate, normal, sufficiency-}

> 600 pages of hand-written tables
for thousands of values!

4

7. Optimum range

1 2
N

3

Q.A’b

S
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Nutrition PINUS PINASTER (Maritime Pine)
Nutrient  “g/oe Plantpart  1u g Marginal Adequate & igh Country
N(%) Mat YMF F 0.39-0.6 0.6-0.9 <o 20
0.6-0.9 %-N o
bl P(%) Mat YMF F <0.054-0.56> 0.06-0.08 <0.10-0.20> 20
o 0.10-0.20 %-P 1?3
o 138
CSIRO Handbook (1997)
Nit 0.0 0.3 0.6 0.9 1.2 1.5
irogen | | | | |
van den Burg ﬁ
CSIRO <4{—)
0.18 0.21

Phosphorus |

CSIRO _ 51



DFG Analysing foliage: not a trivial method

& OK for comparing different trees
of the same species
In any case, interpret with caution!

Other methods related to foliage:
& - Nutrient ratio (ciisewell, 2004, New phytol., 164, 243-266)

but N/P =12 = 12/1 = 24/2 = 6/0.5

o - Nutrient resorption (Achat et al., 2018, Ecol. Monog., 88, 408-428)
but not so accurate to detect small differences




VFG

SPP 1685:
Ecosystem
Nutrition

Second set of conclusions In a nutshell:

& Cons for using plant metrics in nutrition studies:
- Plant response is highly species-dependent
- Plant homeostasis makes data often tricky to interpret

@ Pros:
- "Real” response of the vegetation
- Integrates spatial variability (soil exploration by roots)

23
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Make holes everyw

UNI

FREIBURG

24
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BURG

i
Su

Soil properties are
highly variable in
space -
(horizontal variation)

SOC

Half of 95% confidence interval (g/m?)

Why “everywhere”?

-

Q

o
1

(o)
o
1

5 to 10 sampling points
per plot seems to be a
. good trade-off between

: / reliability and efforts

Number of samples per plot

> 30 sampling points per
plot should be done only
for a very few studied plots

If colleagues require such
a sampling design for
many plots, require them to
come with you to dig.

Vanguelova et al. (2016, Environ Monit Assess, 188:630) 25
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How deep?
To max root depth?

Nutrient chemically available
+ close to tree roots
= bioavailable

Nutrient chemically available
but beyond roots
= unavailable

Max root depth

-

26
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gt How deep?
To max root depth?

Bl victory dance after 2 hours struggling o 8 Cons for digging to max
i collect one sam Ie at 5 5 meters dee .
- e e s anneutd 10Ot depth:

© - Max root depth can be
> 10 meters

=y € - Rocky solls

27
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Table 4 R? of logarithmic regressions between phosphorus content in aboveground biomass and stock of citric acid extractable phosphorus in

How deep?

the soil Foliage P content = f (soil P content)

Soil depth (cm) Needle year 1 Needle year 2 Needle year 3 Needle year 4 Needle total Twig Branch  Bark Stem wood

Humus (H) 0.01 n.s. 0.03 n.s. 0.01 n.s. 0.03 n.s. 0.00 n.s. 0.02ns. 0.11ns. 0.03ns. 0.05ns.
0.53%%* 0.32% 0.29% 0.27* 0.02 n.s. 0.15ns. 0.03ns. 0.14ns. 0.02ns.
0.65%** 0.39% 0.47%* 0.39% 0.08 n.s. 0.24* 0.12n.s. 031% 0.03 n.s.
0.65%%* 0.37% 0.50%* 0.46%* 0.26* 0.41%* 0.21%* 0.52%* 0.01 n.s.
0.63%** 0.36% 0.50%* 0.48%* 0.27* 0.44%* 0.17 n.s.  0.57*%* (.01 n.s.
0.64%** 0.38* 0.53%* 0.52%* 0.27* 0.43%* 0.14 n.s.  0.60%*%* (.01 n.s.
0.58%* 0.39% 0.52%* 0.53%* 0.23* 0.38* 0.04 n.s. 0.61%%* 0.07 ns.
(.49%* 0.39% 0.52%* 0.51%* 0.15 n.s. 0.25 * 0.00 n.s.  0.52%%* 0.16 n.s.

The topsoil layer can be agood | o

_ i Importance of soil extractable phosphorus distribution for mature
Proxy of the whole soll proflle Norway spruce nutrition and productivity
28

Hadi Manghabati’

- Wendelin Weis? - Axel Gottlein’

European Journal of Forest Research (2018) 137:631-642
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Ecosystem 3 W‘j °9 & \'_\%, £ _.;‘;g: {/
e Tas Lt U French network of forest long-
SU J

term monitoring 4
(RENECOFOR) .

RENECOFOR

Achat et al. (2018, Ecol. Monog., 88, 408-428)

Table S1: Correlations between nutrient remobilization rates and nutrient stocks at different soil depths” (Spearman's
' IeNt:
N remobilization P remobilization K remobilization (%)} Ca remobilization (%) | Mg remobilization (%)
(%) vs. total N (%) vs. Dyer P vs. echangeable K | vs. echangeable Ca | vs. echangeable Mg

stock (Mg ha'l) stock (kg ha'l) stock (cmol ha'l) stock (cmol ha'l) stock (cmol ha'l)
All tree species For different nutrients

0-20 cm -0.23 -0.36 -0.47 -0.17 -0.43
0-40 cm -0.26 -0.27 -0.47 -0.17 -0.47
0-80 cm -0.26 -0.21 -0.43 -0.06 -0.58
0-100cm  -0.25 -0.22 -0.43 -0.05 -0.60

Noree 101 85 101 7017 101

@ Discontinuous soil profiles (e.g. planosols) .
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Nutrition X cm P oy
: E;_-.;_L; ~Forest floor',
Ocm—§®
.‘/
Scm
Soil depth
15 cm
30cm—=—=

@ - Preferab
< nutrient rich
& - Above all in case of

What a

nout the forest floor?

- se
- thi
- po

@ - Maybe not necessary for

- ad
- thi

y take it into account

edlings
ck forest floor layer
or mineral solls

ult trees

n FF layer

Tree age = 44-187 yrs

Soil depth (cm) Needle year 1

Humus (H) 0.01 n.s.
H+0-5 0.53*%*
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For measuring what?

- Analysing microbes (C,.;ic; Pmic: Nmic) / | \

or extracellular enzyme activity (EEA) fnysio;gg;cg J—» J
gives generally good information x
about the nutritional status at the

beginning of the web food chain (ow Worobia

homeostasis capacity > more representative of i
nUtrlent avallablllty) Fl(, 1. !_inks a.mor‘lg envhpnmental drivers, microbial

physiology, community composition, and ecosystem processes.

Life strategies

l<

Ecology, 88(6), 2007, pp. 1386—1394
© 2007 by the Ecological Society of America

MICROBIAL STRESS-RESPONSE PHYSIOLOGY AND ITS IMPLICATIONS
FOR ECOSYSTEM FUNCTION

Josnua ScHiMEL,'** Terl C. BALSER,”> AND MATTHEW WALLENSTEIN®

31
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Ecosystem Soll nutrient content?

SRS

parent
material
(acidity)

- There are usually

_ soil weathering 030 soil oH soil sand
good correlation slage L |
Values among jate -0.09 +0.17 M topography
different fractions of
the same nutrient o ol P oy
content ) @

- Total content could —/ \_
be a gOOd prOXy soil IDinorg-a\afail. soil Porg-avail_

content content

atmospheric
P
deposition
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Third set of conclusions in a nutshell:

@ Cons for digging solls in nutrition studies:
- Could be a tough task
- May need experience to define the best sampling design

& Pros for digging:
- Clay is good for skin & fieldwork reinforces the team spirit
- Soll 1s crucial for understanding ecosystem nutrition

33
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Final thoughts:

“Ecosystem Nutrition” (such as “Soil Health”) Seems easy to
understand, but is in practice poorly defined

= Make clear what aspect of the ecosystem nutrition
IS to be studied (nutrient reservoir, plant growth...)

“Ecosystem nutrition” may be # “Tree nutrition™ = "Microbe
nutrition” = “Soil nutrient content”

=» Define the ecosystem compartment, or process,
to be assessed
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Final thoughts:

Integration level of the nutritive status of ecosystem
& importance of homeostatic processes of regulation

Plant
growth

If possible,
assess all

Leaf
nutritive

b status

senescent
leaf

Soil
supply

Actual nutrient limitation

Actual nutrient stress

Potential nutrient limitation

35
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Let’s start discuss!

. Looking for forest nutrition

36



More slides...
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Nutrition:

“Metabolism of nutrients in order to assimilate them for the
growth, maintenance and functioning of the body”

< not only related to growth
& nutrient-deficient plants may maintain high growth rate

Fertility:

“Related to the ability to produce in large quantities”
< fertile solls are not necessatrily rich in nutrients
& nutrient-poor solls can be relatively fertile
provided that plants are adapted to local conditions

38
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Why NP colimitation does not dominate

terrestrial ecosystems?

Plant
response to
N addition

No response, or need for
simultaneous NP addition

[P Iimitation}

Plant response to P addition

39
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Why NP colimitation does not dominate
. Ecosystems terrestrial ecosystems?
= G that are too

unbalanced to Ecosystems

reach that may shift
colimitation | __—@ to colimitation
thanks to plant
strategies
Plant
response to
N addition Ecosystems

that are too
./0 unbalanced to
reach

colimitation

No response, or need for
simultaneous NP addition

Plant response to P addition 40




VFG

SPP 1685:
Ecosystem
Nutrition

CONCEPTS & SYNTHESIS

EMPHASIZING NEW IDEAS TO STIMULATE RESEARCH IN ECOLOGY

Ecology, 95(3), 2014, pp. 668—-681
© 2014 by the Ecological Society of America

Assessing nutrient limitation in complex forested ecosystems:

alternatives to large—scale fertilization experiments

Bensamin W. Surtivan,'® Sivia ALvarez-CLARE,! SArRAH C. CAsTLE,' STEPHEN PORDER,” SasHA C. REED,
LAURA SCHREEG,” ALAN R. TownsenD,” AND Cory C. CLEVELAND'

3.5

41
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Soil nutrient content?

Nutrition
" soil clay
SOl . content
weathering
stage

+0.15 _ _
-0.27

soil Corg_ +0.27|  soil C:N

- There are hundreds
of different methods
to quantify nutrient

parent
material
(acidity)

soil sand
content

lat. = +0.48
alt. = +0.15

ools in solls ! 2 content | ratio
P %0.20
- But, there are - w048 2 gy Galtitude
pH y alt. = '°-1 lat. = -0.87
usua”y gOOd SOil Nigtgl alt. = -0.31
correlation values Gostis —— w0 content MAP

among different AN == % 0 MAT

fI‘aC’FiOnS Of the same atmosl\ﬁJheric ______ S0l Now C.”mate %

nutrient deposition <jflos| | content 0.3 index

42
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. BRITISH
RESEARCH ARTICLE Functional Ecology %ﬂ

Decoupling between growth rate and storage remobilization in
broadleaf temperate tree species

Frida I. Piper @

3. Radial growth was not related to seasonal minimum NSC or nutrient concentra-

tions and pools in either the evergreens or deciduous angiosperms; thus, faster
growth was not associated with greater remobilization of C or nutrient stores.
Furthermore, larger trees grew faster than smaller ones, but did not have higher
remobilization. Deciduous species had higher year-round whole-tree NSC and nu-
trient concentrations than evergreens; however, both groups had similar BRI and

seasonal minimum concentrations and pools of NSCs and nutrients.

43



VFG

~— — —
’
SPP 1685: 2 ,1'1
Ecosystem ,/ | H}G H i
Nutrition s | s I
°) ’1’ | ’1 I
2 »” | e
——2_ ’ |
§E ‘-, --------- -l- -------------------- 1’ |
< 4 | | |
.20 H |
T | i I
A | : :
: i I
=
z | ! SOIL ! |
— o ]
£ 4 FERTILITY |
Rl B I ! |
[H]
g §|s ! : I
E §ly ! i |
o 5|8 I i I
S 3| Jrmmm -
("]
5 . ’ ! \‘Q@' Q
v /, i CS\\@ N
61 ’ oy
>
2 | JOW i S ¥
. & L0
Low > High Vo & ‘Q\
Water holding capacity, conductivity, 0%
aeration porosity, drainage )

Soil physical fertility

Fig. 1. Schematic overview of soil fertility, defined by biological, chemical and
physical properties.
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At all scales, nutrient limitation depends on:

Climate (control of organic matter [N,P] recycling)
Soil age (2N, up)

Biological activity (e.g. N fixation, P-enzymes)
Human activity (e.g. N deposition)
Geology (p content of the soil parent material)

|

By the way, the 5 key-drivers of soil formation and soil functioning
(Dokuchaev, 1883; Jenny, 1941)
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Nutrient limitations vary also at the regional scale,

and at t_he local scale:

lowland fir forest
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e N
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\ climate index = 0.35
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lowland oak forest
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. mountain spruce forest
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, _-- climate index = 0.33

/) ._,—" P-limited:
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plateau spruce forest
inceptisol / acid

climate index = 0.36 O

N-limited:
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NP-colimited:
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N limitation: n =1

NP colimitation: n =4

P limitation: n =3
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