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Balancing Energy or Understanding
Plant Hormones
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http://www.untamedscience.com/biology/plants/plant-growth-hormones/

Auxin first plant hormone discovered
Phototropism

Apical dominance

Actively moved downward to roots
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After pruning roots,

* Do you need to balance the plant by taking
some off the top?



After pruning roots,

* Do you need to balance the plant by taking
some off the top?

* NO

* Want shoot tips to produce auxins to
encourage primary roots, lateral roots and

root hairs



If you need to slow down transpiration

after root pruning and repotting

Avoid root pruning in summer heat
Use shade

Avoid wind
Provide mist



Plant hormones

e Strigolactone
—Inhibit branching

— Encourage myccorhizae and also root
parasites

* Cytokinin
—Promote cell division
e Abscisic acid

— Stress hormone, dormancy, closing
stomates



Plant hormones

* Ethylene
— Cell growth and thickening, fruit ripening

e Gibberellins

— Germination, stem elongation

* Rooting hormones are artificial auxins



Moving energy or manipulating
hormones

* Pruning changes hormone production and
normone balance

* Plant responds to new status
* Balance of growth inhibitors and promoters



Nutrients and Fertilizer

WATER SOLUBLE

All Purpose

Plant Food:=

Grows Bigger iz
More Beautiful Plants* misbells”

Feed Every
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BASIC NUTRIENTS

CARBON HYDROGEN OXYGEN

PRIMARY MACRONUTRIENTS

18
K

NITROGEN PHOSPHOROUS POTASSIUM

http://microfarmgardens.com



SECONDARY MACRONUTRIENTS
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http://microfarmgardens.com



Average concentrations of mineral nutrients in plant shoot dry
matter that are sufficient for adequate growth

Flement Abbrev- | pnmol/g | mg/kg Relative number

iation dry wt | (ppm) % of atoms
Molybdenum Mo 0.001 0.1 [ --- 1
Copper Cu 0.10 6.0 | --- 100
Zine /n 0.30 20.0 | - 300
Manganese Mn 1.0 500 | --- 1,000
[ron Fe 2.0 100.0 | --- 2,000
Boron B 2.0 20.0 | =-- 2,000
Chlorine Cl 3.0 100.0 | --- 3,000
Sulfur S 30 i 30,000
Phosphorus P 60 s | 082 60,000
Magnesium Mg 80 e | 02 80,000
Calcium Ca 125 o | DS 125,000
Potassium K 250 =2 | 1.0 250,000
Nitrogen N  [1000 - 1,000,000

from Mineral Nutrition of Higher Plants, 2" Edition. Horst Marschner. Academic Press. 2002.



Net pH Effect

C02 ,l Some plants

Ammonium

Ammonium H*

Ammoniacal pH decreases
2H+<—/1 nitrogen
Nitrate Nitrate OH"

pH increases

http://www.greenhouse.cornell.edu/crops/factsheets/nitrogen_form.pdf



Nitrogen fertilizers

mmm May not be critical for

Ammonium bonsai especially in
sulfate inorganic soil, since we
Urea 0 100 are flushing thoroughly
20-20-20 27.5 72.5 with watering

20-10-20 60 40

Potassium 100 0

nitrate



30-10-10 Fertilizer Label

MIRACLE-GRO® WATER SOLUBLE MIRACID® ACID-LOVING PLANT FOOD 30-10-10
F1144




Release of nitrogen from organic sources

* Four N sources

— Urea, alfalfa pellets, blood meal, partly composted
chicken manure

* Fertilizer ground and mixed with Granby sandy
clay loam

* Various water levels and temperatures
* Measured N released

* Published in Soil Sci. Soc. Am. J. 69:1844—-1855 (2005)



Composition of organic fertilizers

Total N
(%)
Urea 7.0 46.0 0.4
Alfalfa 5.7 3.6 11.1
Blood meal 7.3 12.7 3.3
Composted 8.7 3.8 7.2

manure



Table 3. Net cumulative N released, as a percentage of organic
N, from four organic N sources incubated in soil at different

soil moistures.™

Incubation time (wk)

Soil
N source maoisture 1 2 4 hy 12
e WHC o
Urea S0 TO.6h 86.3a 817h 8784 01.2a
Ti 82.0h 85.7a 88.4a 89,74 01.7a
i 03.4a s8d.6a 02.1a B8.8: 05.5a
Mean 850 85.5 550 B8.8 028
AP S0 153 25.5d J.de 34 8d 41.1d
Ti 15.0¢ Nd4de  29.5e 40.0¢ 44.0cd
i 14.0¢ 2.6 30.9¢ 40.7¢ 45.9¢
Mean 15.1 228 30.3 I8.5 43.7
BM S0 231d 2.7 40.2d 48.5h 57.4h
Ti 28.5¢ 30.5h 40.7cd 49.5h 57.4b
[ 31.0¢ I8.8b 43.9¢ 51.1b 56.9h
Mean 27.5 370 41.6 49.7 57.3
CM S0 223 32 8¢ 30.7de 35 3cd 36.7d
Ti 26.0cd 30.Ted 28.8e 41.2¢d 41.3cd
i 26.1cd 25.0d JT.8d 40.2¢d 44. 3¢
Mean 248 205 324 18.9 40.7




Weekly N release as % of total

1 2 4 8 12

Alfalfa 15 8 3.5 2.3 1.3
Bloodmeal g 9 2.5 2 1.9
C. Manure 25 5 1 1.6 0.5

* Release is exponentially slower over time
* Only get about 2 over the summer
e Pellets on top of the soil will break down slower



Table 4. Net cumulative N released, as a percentage of organic
N, from four organic N sources incubated in soil at different

temperatures.
Incubation time (wk)
N source  Temperature 1 2 4 3 12
“C (14/10 h) %o

Urea 15/10 75.1b  86.0b 89532 M0.9a 03.2a
20M15 B6.6a M.lab  91.0ka  91.5a 02.6a
25720 39.5a 92.1a 921a  %Lba 92.93
Mean 837 306 0.9 0.8 092.9

AP 15/10 11.1g 17.3i 241  33.3h 42.1de
2M15 148fg  237h 3041 40.5f 459
25720 21.5¢ 2051 30.3de 47.6de 52.4c
Mean 15.8 236 31.2 40.5 46.8

BM 15/10 18.2ef  36.7de 41.9cd 494cd  55.5¢
2M15 29.9¢ J06d  456c  539¢ 6l).2h
25720 3.2c 45.9¢  S56.2b 59.2b 61.0b
Mean 26.4 41.1 47.9 54.2 58.9

CM 15/10 21.7de  24.6gh 2931 Joigh  30.Te
215 27.3cd  MLTH 339ef  424ef 43.4d
25720 29.5¢ 322¢f  41.2cd  44.7def  45.0d
Mean 26.2 20.2 3.8 41.0 42.7




N release from organic fertilizer

Normal water range is not too important

Temperature matters

— Need warm temperatures to allow bacteria to
breakdown the fertilizer

Most release was in the first and second week

With fertilizer pellets on top of the soil, the N
breakdown will be slower than this experiment



What is organic fertilizer?

You need the context for the term “organic”

Carbon containing
Derived from living matter
Free from ... defined by who?



Certified Organic

e National standards only certify food and feed
products




Certified Organic Fertilizer

Other agencies certify
Inputs to organic
production

Quebec Vrai
And 9 others in Canada

(US) Organic Materials OMRI
Review Institute e

and many more



Certified Organic Fertilizers

* Acti-sol lists ingredients

— Hen manure
— Feather meal
— Natural potassium

e

- \‘ \_.A:!jr\_\‘\\\\\\\\\‘ \\\\

(K can come from
greensand or kelp)



How soil pH affects availability of plant nutrients

High Medium Low

" Very Vi =

X Medium thy Medium

Strongly Acid Acid | Sty | stightty 2":;{& A ealne|  Strongly Alkaline
Acid al

SoilpH |40 45 50 55 60 |65 70 (756 80 85 90 95 100

Optimum soil pHrange: 6.2 7.3
planetpermaculture.wordpress.com



Iron deficiency chlorosis

* |Interveinal
chlorosis

e Water with
chelated iron over

foliage
* Change pH of soil

Comparison of a healthy leaf (top) and a chlorotic leaf (bottom) in river birch
K. Zuzek, UMN Extension



Mycorrhiza

* Fungus -symbiotic (some parasitic)

* Most common types

— Ectomycorrhiza
e QOutside root

— Endomycorrhiza

e H h netr Il walls https://bonsaitonight.com/
yphae pe etrate ce 2016/12/16/tell-something-wrong-bonsai/



AM-colonization

No colonization

Increased resistance to
foliar pathogens

Increased drought tolerance

Increased salt tolerance

SAR-like responses
(SA and JA dependent)

Nutrient transfer
via AMF

Local resistance to
root pathogens

Nutrient transfer
via root hairs

Systemic resistance
to root pathogens

Phosphate depletion zone
Jacott et al Agronomy 2017, 7(4), 75




* Why mycorrhiza might help defend against
pathogens

Induction of defence genes
Chitin perception via CERK1
Hyphopodium/appressorium formation via RAM2

Involvement of MLO

r T

Epidermis

Epidermis |

Powdery mildew infection Arbuscular mycorrhizal symbiosis

Cortex

Jacott et al Agronomy 2017, 7(4), 75



Pruning and Wound Responses

* Forestry science teaches us:

1. Respect the branch collar

2. Do not cover wounds (except for avoiding
oak wilt, beetle vector)
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The CODIT Principle (http://plantscience.psu.edu/research/projects/vegetative-
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CODIT

Vessels and Tracheids in Oak

o 1stwall

* plugging vascular
tissues

® _©
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e slows vertical
spread
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McKDandy
Creative Commons Attribution-Share Alike 3.0

Marshall Ward H. The Oak: A Popular Introduction to Forest-Botany.
London: Kegan Paul, Trench, Tribner and Co. Ltd., 1892



CODIT

e 2nd wall

* formed by the
latewood growth
rings on both sides
of the wound

* slowing the radial
spread

First year growth
Rainy season
Dry season

Scar from forest
fire

Spring/early
summer growth

Late summer/fall
growth

https://climate.nasa.gov/news/2540/tree-rings-provide-snapshots-of-earths-past-climate/



CODIT

3" wall

formed by ray cells

(divide the stem into wedges)
Slow sideways movement of decay



4t wall 7 e

the barrier zone ) e
new growth on the : — M*‘:;;m
exterior of the tree omsst —— > o =

Reason that you can
have a “hollow” tree

The CODIT Principle (http://plantscience.psu.edu/research/projects/vegetative-
management/meeting-information/compartmentalization-of-damage-in-trees-codit)



CODIT

Barakplasma Horticulture Student at UC Davis 2009-2013
Creative Commons Attribution-Share Alike 3.0



Creative Commons Attribution-Share Alike 3.0



https://commons.wikimedia.org/wiki/User:Aur%C3%B3

Implications for Bonsai

* Trunk chop
— Leave room for die back

— A side branch might provide a point of
compartmentalization

* Large branches
— Cut close to but not into branch collar
— Come back after dieback to work the wound

* Concave or knob cutters damage branch collar
for sake of aesthetics



Long term approach to branch removal

!
)

https://bonsaitonight.com/2012/10/16/ebiharas-maples/



Covering Wounds

* While generally
discounted in forestry

* 1996 report that
covering wound with
plastic wrap speeded
healing in poplar and

red maple but not white
birch

* Opaque plastic better
than painting

The CODIT Principle (http://plantscience.psu.edu/research/projects/vegetative-
management/meeting-information/compartmentalization-of-damage-in-trees-codit)




