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\( Background
! How the terrestrial carbon and nitrogen cycles coupling?

Carbon cycle

N fixation N deposition

Atmospheric COZJ
Photosynthesis+. Downregulation Eco-evolutionary optimality:
L Assimilation Plants optimize eco-physiological traits by
Plant ] (N-uptake) regulating the allocation of resources to different
: functions.

Respiration |
Litterfall & rtwortality Retranslocation

[Litter and coarse J 'mm"b"‘za“"”[ Soil Mineral N J Denitrification
woody debris

Decomposition
[ Soil Organic J T
ineralization
Matter N leaching

(Zhenggang Du et al., Geoscientific Model Development., 2018; Harrison SP et al., New Phytologist Plants, 2021)
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U Optimality-based models

® [east-cost hypothesis
Xo = F*/Ca + (1_ F*/Ca) ‘5/(5 + \/D)

® Coordination hypothesis
Vemax = @olaps [(ci + K)/(ci + 2T7)]

® Light use efficiency (LUE) model
GPP = @olgpscpp m\/[l - (C*/m)z/g]

® Eco-evolutionary optimality approach
Leaf dry mass per unit area (LMA) and leaf longevity (LL)

Maximizes the leaf average net carbon gain.
Evergreen: LMA = In2l,;,s+051Inf —0.026 T3+ InLL+C

Deciduous: ~LMA = In2Zlg,s+ Inf —0.052T4 + C

® \Water-limited leaf area index (LAl)
APAR = (0.7 MAP/A,) [c,(1 - p)]/(1.6 D)

LAI = In[1 — min(0.99, FAPAR] / (— &)

(Wang H et al., Nature Plants, 2017; Peng et al., Communications Biology, 2021; Wang H et al. bioRxiv. 2021; Shengchao Qiao et al., Environ. Res. Lett, 2021)
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Theory

1 Environmental control of leaf nitrogen and nitrogen isotope model

® |eaf nitrogen

Narea Z@LMA + @chax,zs

® Nitrogen isotope model

N inputs
15 — el | EgasG
(6™N) 6§ = 6y + et g
_ _ Ea\(1_ _1
fremp = €xp [(R) (T298 T)]
5
5= 6+ 3’;” »
1+ k( runoff)
ftemp - f — R
1 Tunoff = (R+Wimax)
G (6-&)
Jgas = L+G) Egas

(Dong et al., Biogeosciences, 2017; Dong, unpubl. MS )
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[Symbiotic N fixatiorﬂ_

LA\symbiotic N fixatiorﬂ

...[N isotope model}_

[ N deposition}‘

—[Gaseous N Iosses}

-[Hydrologic N Iosses]
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U Sites

Northeast China Transect (NECT)
(42.88° to 44.59°N, 111.89 to 131.15°E)

"~ Plants traits
Productivity
N content
N losses

Optimality theory—

=

Latitude(®)

Longitude(®)
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s22% Result and Discussion
} Variation in environmental variables and leaf traits along NECT

> Environmental variables > Leaf traits
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Result and Discussion
Comparison of variation in ecosystem properties
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s22% Result and Discussion
1 Comparison of variation in plant § °N along NECT

Regression (a) () | » N cycling is more positive at the
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