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Background

* The role of mycorrhizas in the functioning of soil is very important

* The interactions are complex

* Practical implication on sustainable agriculture and ecological
restoration are very essential

Objectives

* Developing an analytical framework on mycorrhizal dynamic
Interactions



Background

With and without mycorrhiza
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Background

Colonization

Added P Colonization DwW R/S P concentration Response Effects of P addition (O 10. 20 mg/kg)on per cent
(mmolkg) (%) (mg/plant) (ng/mg DW) (%) . ] .
mycorrhizal colonization of cultivars of H. vulgare by
Root Shoot Total Root Shoot . . .
Glomus etunicatum. (Baon et al. 1993 in Smith & Read
0 0 36 (6) 394 75(9) 092 053 079
0 74 51() 58(3) 109(2) 088 134 198 45 2009)
0.2 0 57 (4) 63(6) 120(10) 090 075  1.02
0.2 72 57 (3) 90(3) 147(5) 063 212 283 22
0.4 0 70 (8) 97 (6) 172(14) 072 120 129 40 7
0.4 63 60(2) 104(3) 164(5) 058 300 3.1 0
0.67 0 87 (11) 132(8) 218(20) 066 177 157
0.67 53 67 (1)  120(2) 187(2) 056 233 283 14 a0 -

t

the effect of P concentrations on growth of Trifolium
subterraneum (31-35 days old) and roots-shoots biomass

partition. Standard errors of means in parentheses (Smith &
Read 2009)
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Background

Plant uptake pathway

Plant uptake pathway Mycorrhizal uptake pathway
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When nutrient resources is abundant, the plant was tend to
use the direct pathway than the mychorizal pathwa
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Buicking, H., & Kafle, A. (2015).



Background

Colonization cont.
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Colonization (%)
&

Direct path Indirect path  Todal Direct  Indirect path  Total effect
effects path
Root: total biomass 180 1] 0189 - dhb 0 466
20 |
Root M: P 0385 0 0385 0377 0 0377
Spore commumity 0122 0L0A0 -0L0E] 0071 0.143 0072
0 U.l1 'DjE lllﬂ 0.4 Mmrl:l.l.lll‘l‘_‘f -0.804 0047 0757 0076 0.041 0.035
KH,PO, (g per kg soil) i ks
The effect of additions of KH2 PO4 (Potassium The mycorrhiza colonization is known to increase with the
phosphate) on Allium cepa colonization by AM fungi increase of light intensity in inoculated plants (Shukla et al
after 8 weeks (Sanders and Tinker 1983 in Smith & 2009, Shi et al. 2014)

Read 2009)



Background

Belowground carbon allocation

Below-ground C allocation (mmol day ')

0 20 40 60 80 100

Below-ground carbon allocation of mycorrhizal and non-mycorrhizal
Salix viminalis. The amount of C allocated below ground was 1.75
times greater in ECM than non-mycorrhizal plants (Jones et al. 1991 in
Smith & Read 2009)
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Rational and Concept

Mycorrhizal dynamic modeling
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Rational and Concept

Common mycorrhizal networks

High benefit host Low benefit host

Induction of defense ’ !

signals and aerial
release of VOCs

Herbivore
P ‘
stress

® e ® 77

@.

f

0 |
54

High nutrient Interplant Low nutrient
transport from ERM competition transport from ERM
High carbon Interfungal Low carbon
transport to ERM competition transport to ERM
N— N—
40

®

*®
e®
®

Common mycorrhizal networks and their effect on the
bargaining power of the fungal partner in the arbuscular
mycorrhizal symbiosis (Biicking et al. 2016)
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Interplant facilitation by CMNs (Walder et al. 2012)



Rational and Concept

Forests trapped in nitrogen limitation — an ecological
market perspective on ectomycorrhizal symbiosis

(Franklin et al. 2014)

(a) Individual strategies (b) Competition and trade (c) Connectance

000 An individual's strategy of plant carbon (C) export to

Plantnet _ Individual _ FungalN export
growth =~ NUE X shareof N * RootN uptake

@ 3 & bl 1, - 4 ectomycorrhizal fungi (EMF) and fungal allocation to
X Vo= 1y = 4 nitrogen (N) uptake
PlantC export to EMF or fineroots | &) Y )
5, A, .
Fungus net Individual g
growth | =CUEX ghareof G * PlantC expor =2
ol ol e )
7 4 =2 €
Fungus C allocation to N uptake U - Z“_ 4 °
- %
S
-
§
:
Modeled net growth of plants with and without mycorrhiza &

(solid and dashed green lines, respectively) and

c
. . : 22
ectomycorrhizal fungi (EMF; purple lines) SRS ]
=z
=8
ﬁ L | 1 L L | 1
00 0.2 04 0 02 04 0 0.2 0.4

Soil N availability(g Nm~2 d-")



Rational and Concept

Nelder design experiment

Plant density effect ...

C Species B o
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Effects of plant density on biomass of plants of Trifolium
subterraneum, with and without Gigaspora margarita
inoculation (Facelli et al. 1999 in Smith & Read 2009)



Rational Concept

Macroclimate
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Rational Concept

Agroforestry Concept

Small store
Moderate tumover
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Rational Concept

The role of nurse plants in the restoration of degraded

ECO | Og | Ca | Re Sto rat | O n environments (Padilla & Pugnaire 2006)

(a) Facilitation by nurse plant
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Framework

Mycorrhizal dynamic framework
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Framework

Field trial experiment
for data calibration

Control Micro-symbiont
CropOnly Tree+Crop TreeOnly [ CropOnly Tree+Crop Tree Only
Control All Al2 Al3 A21 A22 A23
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Framework
Diameter Growth (3 Months

Fine Tilling

Fine Tilling Waste Rock
— DF3 P(I;(;;)o — P:)(>0Fo)8 - = & symbiotic + & tree —& hiochar & 2020
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B?ochar 1 0224 0.682 % 094 - no-symbiotic 4k tree+crop 4 - no-biochar 4 - 40x40
Symbiotic 1 0.559 0.003 ** (‘5 B G50x60
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Spacing 2 0505 0.484 n
InitDiameter 1 0.000 *** 0000 *** g 0.77 i
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Species:Symbiotic 3 0.004 ** 0.075 . 0
Biochar:Symbiotic 1 0610 0.019 * = |
Species:Plants 3 0.059 . 0.444 UC)T 0.5
Biochar:Plants 1 0934 0.938
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*Error bar is standard error



Conclusion

* The analytical framework is very importance for understanding the
trade-off on the intervention strategies of the system

* The intervention may consider the sustainability of ecosystem
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