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What needed to be understood first?

Soil to plant relationships — draft best possible
treatments

* Cd - Leaf/soil ratio = 4.44 (average)

* Cd - Bean/soil ratio = 1.26 (average)

Conclusion — more Cd (concentration) in plant tissue
as compared to soils

Search literature for field experiments — what has

worked in other crops/soils

Conclusion — Lime and organic matter are the most
applied soil conditioner, field results are highly
variable.
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Soil to plant relationship

Soil Properties Leaf Elemental Agronomic
sunvey composiion - IR

14
02 explained 2 65% 3% 2%

log,,(Cd_Bean) = 1.66 + 0.94 X log,(soil Cd;) — 0.21 X pH — 0.63 X l0og1,(%0C) (R2=0.57)

)

Y Y

Intercept 1.42-1.90 Assuming all the Increasing pH by 1 unit ~ Double %OC
average values
Soil Cd 0.86 - 1.01
. Bean Cd = 0.67 mq kq-!  BeanCd =0.42mg kg’  Bean Cd =0.44 mg kg™
oH -0.24 —-0.17 - 2ol Mg Kg
RF = 1.6 RF =1.5
%0C -0.74 — -0.52

Smolders E., 2022




What we try.

Is water-soluble Cd the
only plant-available Cd
for cacao trees

2. Translocation from root

to shoot tissues v« i b I "
Is Cd loading in different tissues xylem | 'l ¥ Mr

or phloem mediated?
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Descripti o SOC WHC Feoxt Alot Mno,f eCEC Ca-exc® Total Cc
escription P %  (mlkg?) g kg cmol. kg™ mg kg
Field Trial Farm 1 66 118 380 402 1.01 0.40 145  13.3 1.01
Field Trial Farm 2 51 3.54 430 102 2.07 1.46 173 12.2 0.85
Incubation and 49 714 560 957 28.1 0.45 639  3.88 0.56

column experiment

Treatments Farm 1

: Lime 2.8 kg planta?
- Gypsum 2.8 kg planta!

w= - Compost 8.6 kg planta

& - Compost 17.2 kg planta

y - Control

e T

Treatments Farm 2

- Lime 2.8 kg planta’!

%] - Lime 5.6 kg planta‘?

- Gypsum 2.8 kg planta?

3 5 - Gypsum 5.6 kg planta

¢ -  Control
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Farm 1 (pH 6.6)

Control Lime (2 Mg ha) Gypsum (2 Mg ha'?) Compost (12.5 Mg hal) Compost (25 Mg hal)

Months after Bean Cd Bean Cd RF Bean Cd RF Bean Cd RF Bean Cd RF
itepplication mgkgr (mgkgl 1 [mgkell [ [mekel [ [mgkel [
12 0.99+0.12 093+0.17 1.1+0.2 094+0.10 1.1+0.1 0.88+0.03 1.1%0.1 1.00+0.20 1.0+0.3
22 145+0.15 1.24+0.04 1.2%+0.1 1.21+0.18 1.2+0.3 1.13+0.12 1.3+0.2 1.09+0.48 1.5%0.7
30 0.91+0.06 1.12+0.13 0.8%+0.1 1.18+0.15 0.8%0.1 1.00+0.28 1.0+0.3 1.00+0.25 1.0%+0.2
Effect’ of
time n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s. n.s.
treatment - n.s - n.s - n.s - n.s -
time*treatmen ) n.s ) n.s ) n.s ) n.s )
t

Farm 2 (pH 5.1)
Lime (2 Mg ha) Lime (4 Mg hal) Gypsum (2 Mg hal) Gypsum (4 Mg ha'?)

22 1.65+050 1.0+0.3 1.54+1.18 15%+1.0 1.63+£0.43 1.2+0.7 2.87+1.80 0.8x0.5
Effect® of .
treatment - n.s. - n.s. - n.s. - n.s. - e




Leaf Cd concentration [mg kg

—O —Lime2 eochee Gypsum 2 Comp 12.5 — B - Comp 25 —@— Control

Flowering/ Filling Farm 1
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2018 2019 2020 2021
. re . . . . Facultad de
Temporal variability of leaf-Cd in farm 1 — neutral soil pH. All treatments decreased with time, Ciencias
de la Vida

including control, why?
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Cd leaves (mg kg-1)
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Foliar

(equivalent) to 6 kg ha™.
Zn, Mn and Fe in alkaline (pH > 7) soils

micronutrients were applied at doses

All micronutrients are applied as chelates (EDTA)

Finca Tratamiento PH Mat. Org Zn” Mn~ Fe”
(H20) (%) mgkg’" mg kg mg kg’
T1 6.1+02 390+£127  183.4% 23 410110 53.7+6.70
T2 6102 400064 1582574 367615 587+203
— T3 62+01 384+047 | 183.3+430 | 362+59.8 60.1+146
g T4 6.1+0.1 3.15+0.85 160.5+39.1 | 400+882 | 494+13.3
w T5 61+01 452+0.83 1782+29.0 406+157.5 51.3+42
TC 61+£04 482+021 1624422 386+ 1475 532+745
N T1 69+02 213+046 215+120  427+585 843+811
T2 72+02 224+048 237+460  351+752  113+403
'g T3 6.9+0.5 2.05+045 | 23.7+7.60 375+154 101 +28.8
= T4 72406 1.64+0.17 222+560 403+ 156 | 103+8.71
. Ts 71406 1.89+0.06  22.0+6.80 376+£169  97.4+305
TC 72405 1784041  19.2+6.50 378176 722+11.6
T1 6.1+02 383+027 951+414  215+880 93.1+29.7
- T2 63+03 3.89+0.60 81.6+48.4 273+107 774+127
£ T3 62+01 3.15+0.71 | 124+223 291+102 662+ 10.2
© T4 62+01 320+039  62.4+430 168 +260  76.8+15.2
T5 63+04 298+041  101+325 199 +455 57.8+17.7
TC 6.1+0.1 3.60+0.19 81.4+16.7 180+ 188 101 +26.5
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What happens in the beans?
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Possible explanations?

Check for
updates

Estimated time to reach half of background corrected equilibrium IA (day)b

Tree A Tree B
Estimate 95 % CL Estimate 95 % CL
Immature leaves 124 104-145 111 98-124
Mature leaves 152 131-173 151° 137-164
Flowers 191 67-316 93 —25-210
Cherelles 156 91-222 80 61-99
Nibs 225% 152-299 1637 135-190
Facultad de
Ciencias
de la Vida




Tree A Tree B
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Fig. 1. Increase of the isotopic abundance of '°8Cd in the different plant tissues after spike application (symbols) and logistic model fits for the different tissues. ThHeimedel

parameter estimates can be found in Table 2. The natural abundance of *°®C is 0.89 % and indicated by the horizontal line. de la Vida
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Remobilization from trunk and branches

1 Cacaotree [—=—————
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B Enrichment in heavy Cd isotopes

Bl Enrichment in light Cd isotopes

------- » Hypothesized

— Measured

#88 Transport through xylem
Transport through phloem

Blommaert et al., 2022
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Conclusiones finales

1. Se pueden modificar las propiedades de suelo, de tal forma que
(tedricamente) exista menos Cd “fitodisponible”.

2. El incremento de pH es el cambio mas significativo que afecta la
acumulacion de Cd en almendras. La materia organica o el yeso no
generan ningun cambio en la planta.

3. Esta medida es aplicable SOLO en suelos con pH < 5.5, équé”hacemos en
otras condiciones?

4. La aplicacion de micronutrientes, particularmente Zn, tiene un efecto pero
es intermitente. Es necesario pruebas de invernadero y estudiar rutas de
absorcion a nivel de raices.

5. Cadmio en hojas y granos no solo proviene del suelo, evidencia muestra.:
remobilizacidn de troncos y ramas. e
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