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Balancing Energy or Understanding 
Plant Hormones 



• Auxin first plant hormone discovered 

• Phototropism  

• Apical dominance 

• Actively moved downward to roots 

http://www.untamedscience.com/biology/plants/plant-growth-hormones/ 



Nature Reviews Molecular Cell Biology 12:211–221 (2011)doi:10.1038/nrm3088 



Auxin 

• ↑ leafs  

• ↓ buds 

• ↑ secondary 
growth 

• ↑ root hairs 

• ↑ lateral 
roots 

• ↑ primary 
roots 

Front. Plant Sci., 17 June 2013  https://doi.org/10.3389/fpls.2013.00199 
 



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 
• Strigolactone 

– Inhibit branching 

– Encourage myccorhizae and also root 
parasites 

• Cytokinin 

–Promote cell division 

• Abscisic acid 

– Stress hormone, dormancy, closing 
stomates 



Plant hormones 

• Ethylene 

– Cell growth and thickening, fruit ripening 

 

• Gibberellins 

– Germination, stem elongation 

 

• Rooting hormones are artificial auxins 



Moving energy or manipulating 
hormones 

• Pruning changes hormone production and 
hormone balance 

• Plant responds to new status 

• Balance of growth inhibitors and promoters 



Nutrients and Fertilizer 



http://microfarmgardens.com 



 
 

http://microfarmgardens.com 



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

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



 

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

Ammoniacal 
 nitrogen 

Some plants 



Nitrogen fertilizers 

Fertilizer NO3 NH4 

Ammonium 
sulfate 

0 100 

Urea 0 100 

20-20-20 27.5 72.5 

20-10-20 60 40 

Potassium 
nitrate 

100 0 

• May not be critical for 
bonsai especially in 
inorganic soil, since we 
are flushing thoroughly 
with watering 



30-10-10 Fertilizer Label 

 



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 

N source pH Total N 
(%) 

C/N 

Urea 7.0 46.0 0.4 

Alfalfa 5.7 3.6 11.1 

Blood meal 7.3 12.7 3.3 

Composted 
manure 

8.7 3.8 7.2 





Weekly N release as % of total 

1 2 4 8 12 

Alfalfa 15 8 3.5 2.3 1.3 
Blood meal 28 9 2.5 2 1.9 
C. Manure 25 5 1 1.6 0.5 

• Release is exponentially slower over time 

• Only get about ½ over the summer 

• Pellets on top of the soil will break down slower 





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 

• National standards only certify food and feed 
products 



Certified Organic Fertilizer 

• Other agencies certify 
inputs to organic 
production 

 

• Quèbec Vrai 

• And 9 others in Canada 

 

• (US) Organic Materials 
Review Institute 

• and many more 

 



Certified Organic Fertilizers 

• Acti-sol lists ingredients 

– Hen manure 

– Feather meal 

– Natural potassium 

 

• (K can come from 
greensand or kelp) 



planetpermaculture.wordpress.com 



Iron deficiency chlorosis 

• Interveinal 
chlorosis 

• 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  

• Outside root 

 

– Endomycorrhiza 

• Hyphae penetrate cell walls https://bonsaitonight.com/ 
2016/12/16/tell-something-wrong-bonsai/ 



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



• Why mycorrhiza might help defend against 
pathogens 

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) 



Branch collar 

Branch ridge 



Wound 
Reactions 

• Cambium 
produces callus at 
wound edge 

• Callus and then 
wound wood is 
formed 

 

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



CODIT 

• 1st wall 

• plugging vascular 
tissues 

• slows vertical 
spread 

McKDandy 
Creative Commons Attribution-Share Alike 3.0 

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

Vessels and Tracheids in Oak 



CODIT 

• 2nd wall 

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

• slowing the radial 
spread 

 

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



CODIT 

• 3rd wall 

• formed by ray cells 

• (divide the stem into wedges) 

• Slow sideways movement of decay 



CODIT 

• 4th wall 

• the barrier zone 

• new growth on the 
exterior of the tree 

• 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 



Auró 
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) 


