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1 Supporting Information

1.1 Supporting Information Methods
1.1.1 Photosynthesis model

Net photosynthesis, Py¢;, was modelled using a standard coupled stomatal-photosythnesis
model, which equates photosynthetic demand for COs, P, with the diffusive supply
of COs:

(Ca — Ci)
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Pnet(Ci) - gc(wleaf)

In turn, P, is modelled according to the Farquhar biochemical model (Farquhar et al.
1980) which includes a smoothed hyperbolic transition between two limiting rates of
photosynthesis, being the Rubisco-limited rate (A.) and the electron-transport limited
rate (A;):

Ac + Aj — 4/ (Ac + Aj)2 — 4hAcAj
Pnet = 2 - Rd7 (2)

where h is the curvature factor of the smoothing function and Ry is leaf-level respira-
tion.

A, is defined as:

Vc,maa}(ci - P*)
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and A; is defined as:
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where V¢ mqz is the maximum velocity of carboxylation, C; is the intercellular partial
pressure of COy and I'* is the C'O2 compensation point.

K, is the Michaelis-Menten constant for photosythnesis and is described as:



O,
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where K. and K, are the Michaelis-Menten constants for C'Os and Os, respectively and
O, is the atmospheric concentration of Oy in terms of partial pressure.

J describes the joint dependency of A; on irradiance, I and the maximum electron
transport rate, Jymqqz:

al + Jmaz — /(@I + Jmaz)? — 4cal Tz

J =
2¢ ’

(6)

where « is the quantam yield of electron transport and c is the curvature of the relation-
ship between J and I.

Vemazs Jmaz, I, K. and K, have temperature-dependencies according to Arrhenius
functions. However, because we do not consider the explicit effect of temperature in the
present analysis, we assume that these parameters are fixed at their 25°C values (i.e.
Ve,maz = Vemaz,25) (Bernacchi et al. 2001).

1.1.2 Leaf respiration

In the FF16w physiological module, leaf respiration per unit mass leaf (r;; mol kg=! s71)
is assumed to be the summed component of respiration associated with nitrogen allocated
to photosynthetic capacity 7, and nitrogen allocated to structural components of the
leaf r; 4:

T ="Tls + Tlp- (7)

Dong et al. (2022) show that for woody, non-nitrogen fixers, Ny ., can be linearly pre-
dicted as a function of Viynez,25 and ¢:

Nm‘ea =a+ Bl¢ + BQ%,max- (8)

The 3 terms describes how Ng;eq changes with unit increases in either ¢ of V¢ 4, and o is
the intercept value of this equation. Estimation of £ from a global dataset indicates that
this term corresponds with the relative mass contribution of Rubisco and cytochrome



f to Vemaz and Jpe, per unit mass increase in V¢ 4., assuming as we do here, that
Ve,maz,25 and Jpq, occur in the leaf at a ratio of approximately 2:1 (Smith & Keenan
2020; Dong et al. 2022).

Assuming that « accounts for structural components of Ngyeq not accounted for by ¢, it
can be argued that:

Nmass,s = (a + Bl¢)¢_17 (9)

and that,

Nmass,p = (ﬁZ%,maw)¢_l- (10)

Then, N5 is multiplied by R, the rate of respiration per unit mass nitrogen to give:

Tls = Rl,stass,& (11)
and,

Tip = Rl7meass,p' (12)

Importantly, ;s and R;, can be different values, reflecting possible differentiation in
the repspiration rate of a given mass of structural versus photosynthetic nitrogen.



1.2 Supporting Information Tables

Table S1: Variable descriptions, tested parameter values and units in the Sup-
plementary Information Methods.

Symbol  Description Tested values Units

Parameter

K. o5 Michaelis-Menten constant (car- 404.9 pmol mol !
boxylation)

K, 25 Michaelis-Menten constant (oxy- 2784 mmol mol~!
genation)

25 CO4y compensation point 42.75 pmol mol ™!

h Curvature factor 0.99 unitless

Niass,s  Structural nitrogen mass per leaf Derived from ¢ kg N kg~!
mass

Ninass,p Photosynthetic nitrogen mass per Derived from ¢, Ve max kg N kg~!
leaf mass

R, Respiration per unit mass photosyn- 40000 mol yr—! kg N—!
thetic nitrogen

R, Respiration per unit mass structural 21000 mol yr—! kg N—!
nitrogen

Tlp Respiration per unit mass leaf asso- Derived from Nyu4ss,p, B, mol yr=t kg—!
ciated with photosynthetic nitrogen

Tl Respiration per unit mass leaf asso- Derived from Nyu4ss,5, 1, mol yr=t kg—!
ciated with structural nitrogen

« Intercept of Ngyreq empirical rela- 0.5352 unitless
tionship

051 Linear coefficient for ¢ in Ngpeq em-  0.0092 unitless
pirical relationship

Bo Linear coefficient for V¢ ;y02 in Ngreq  0.006% unitless

empirical relationship

* Dong et al. (2022)



1.3 Supporting Information Figures
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Figure S1: Decomposition of the components determining trait optima across

a vapour pressure deficit (D) gradient. The top row of panels shows how
net biomass production, %—f emerges for each trait across an increasing vapour
pressure deficit gradient (i.e. from the top to the bottom of panels a-d) as
the residual of total assimilation, (A4;Ppet), after accounting for hydraulic
costs, A;C, turnover >~ M;t; and respiration Y M;r; of each plant tissue, i.
The trait value maximising % is indicated by the dashed vertical bar. The
solid vertical line indicates the trait value maximising the height-growth rate,
%. The % optima emerges through multiplication of % with the rate of
leaf area deployment per unit of live mass growth %, shown in the second
column. For most traits, this causes the Cfi—il optima to be lower than the Cfi—]f
optima, owing to the greater value of %‘; at low trait values in panels e-g
but also explains why the optima are equivalent for K qz-
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Figure S2: Decomposition of the components determining trait optima across

a above-canopy photon plux density (/y) gradient. The top row of

panels shows how net biomass production, dd—’tg emerges for each trait across

a increasing light availability gradient (i.e. from the top to the bottom of
panels a-d) as the residual of total assimilation, (A;P,), after accounting
for hydraulic costs, 4;C, turnover > M;t; and respiration . M;r; of each
plant tissue, i. The trait value maximising % is indicated by the dashed

vertical bar. The solid vertical line indicates the trait value maximising the

height-growth rate, 2€. The 22 optima emerges through multiplication of

dt * dt
dB h dA;

¢ Wwith the rate of leaf area deployment per unit of live mass growth i/,

shown in the second column. For most traits, this causes the % optima
to be lower than the % optima, owing to the greater value of dTA; at low
trait values in panels e-g but also explains why the optima are equivalent for

Ks,mam-
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Figure S3: Decomposition of the components determining trait optima across
a atmospheric CO; gradient (C,). The top row of panels shows how net
biomass production, %—f emerges for each trait across an increasing atmo-
spheric concentration of COg (i.e. from the top to the bottom of panels a-d)
as the residual of total assimilation, (A;P,et), after accounting for hydraulic
costs, A;C, turnover >~ M;t; and respiration Y M;r; of each plant tissue, i.
The trait value maximising % is indicated by the dashed vertical bar. The
solid vertical line indicates the trait value maximising the height-growth rate,

dH The ad

T ‘- optima emerges through multiplication of % with the rate of

leaf area deployment per unit of live mass growth %, shown in the second
column. For most traits, this causes the Cfi—il optima to be lower than the Cfi—]f
optima, owing to the greater value of %‘; at low trait values in panels e-g

but also explains why the optima are equivalent for K qz-
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Figure S4: Graphical explanation for the response of Kj 4, to soil water availability
(1soit and atmospheric vapour pressure deficit (D). In the top row of plots,
the optimal photosynthetic assimilation (A; solid lines) and hydraulic costs
(C; dotted lines) from the stomatal model for a given set of traits (x) are
plotted with respect to variation in Kj,uq.. Colour shading indicates the
environmental conditions that the stomatal model was optimised under. In
the bottom row of plots, the same curves derived with respect to variation in
K mae are illustrated. The optimum K ;4. under each environment is indi-
cated by the coloured points and occurs where %A = %C The left column of
plots illustrates how K ;4. increases as soils dry owing to an increase in the
elevation of %C. The right column of plots illustrates how K 4z increases
with D owing primarily to an increase in the elevation of %A, which occurs

because A increases more rapidly with Kj 4, in drier atmospheres.
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Figure S5: The proportion of conductivity in the xylem increases with the sapwood to
leaf area ratio (0) because ey¢ is less negative when the water transport rate
is higher. As 1s.; becomes more negative, the biomass production (crosses)
and height-growth rate (circles) optimising values of 6 decline, because the
costs associated with greater sapwood are greater than the cost of losing
hydraulic conductivity, except in very dry soils (lightest blue). The horizontal
lines indicate losses of conductivity associated with a high risk of drought-
based mortality (80%; Hammond et al. 2019) and catastrophic xylem failure
(95%).
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