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INTRODUCTION 

The field of growth regulation is one which must assume 

greater importance in the future approaches to ohemioal manipu­

lation of our environment. Our ability to tailor plants to 

specific size requirements without causing their death will have 

considerable impact on the quality of our living space and thus 

our future way of life. No longer will it be acceptable to 

destroy our vegetation to the degree that affects the habitat of 

creatures, man and beast - or produce patterns \¥hich are 

unacceptable to the basic balances of nature. Moreover, as apace 

requirements for agriculture become more pr e ssing to meet the 

de mand for the food that our rapidly growing \'torld population needs, 

producers will have no alternative bu·t to drastically revise some 

current agronomic practices. One such approach in this area will 

be to produce smaller plants which give greater yields. Although 

genetic improvement can accomplish this end, such br~eding is a 

long and arduous task. A task which demand may overwhelm. 

There is now however a new and formidable range of 

chemicals which, although in part similar to herbicides, give a 

much more extensive capability for the physiologist and agronomist 

to control the rate of grovrth, mature size, time of first matur­

ation or in some cases the time of senescence in a number of crops. 

Thus the ultimate yield of some plants may be enhanced many times 

with more efficient harvesting with less wastage, or through 

greater production of the plant itself. 

Although agriculture will surely be the greatest 

beneficiary of these new abilities of man ever striving to feed 

himself, there are other important potential uses for these 

materials. Their use on woody plants has been ·demo nstrated by a 

number of researchers and the possible benefits in this area 

should not be neglected. 
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It is for this reason that Ontario Hydro undertook an 

extensive examination of growth regulators as they may be used on 

large woody plants. Not only may they be used to oontrol the 

formation of suckers from dormant and adventitious buds on trees 

which have been pruned, but they hold the potential for replacing 

some functions presently undertaken ~1i th herbicides. 

Part of our study has been directed toward a complete 

review of the literature pertaining to the use of growth regulators 

on woody plants and also on grass. It will however be some time 

before this review is written and in the interim we felt that a 

monograph of literature titles would be of partic1uar use to our 

co-workers. The lis~of titles also cover related subjects and 

are broken into three major parts; growth regulators and 

associated_topics {woody plants), growth regulators and associated 

topics (grass) and finally wound healing (woody plants ). In all 

some 84 major scientific publications have been reviewed while a 

number af other publications and private reports have been listed. 

Each section has been organized by author and space left in each 

part for the addition of new papers. 

Although published papers are of greater use to the 

researcher since they contain their author's recent work in some 

depth, there are a number of valuable text books which it· would be 

amiss not to mention. A short list of these to which we have 

referred from time to time is added after the major sections. It 

is not intended to be complete and it will be for the individual 

to add specific texts which he or she requires. A separate 

section detailing the work undertaken within Ontario Hydro by 

various workers is included since some research has been for 

internal use only and has not been published in outside journals. 

Where it was found impossible to determine the date or 

original journal of publication for some papers · the work has been 

noted by title and page numbers only and spaces left for the 

appropriate date to be added. 
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If any obvious omiss ions have been made in any of the 

sections we apologize to the writers and hope that their contrib­

utions may be subsequently added to this monograph. 

Much of the work for this publication was completed while 

the senior author was a member of the staff of the Hydro Electric 

Power Commission of Ontario and was completed in August of 1971. 

R. Gardner 
Edinburgh, May 1972. 
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ABA - see abscisic acid 
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anti-gibberellin - 117. 
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benzoic acid - 13, 33, 35 1 46, 48, 54, 109, 116, 124. 
Betula - 38. 
bibliography - 9· 
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caterpillar - 24. 
cauliflower - 38. 
cavity- 75, 76, 88, 89, 91, 103. 
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143. 



D. 

damage - 46, 92. 
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dyes - 102. 
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economics - 20. 
Edison Electrical Institute - 10, 75. 
elm - see Ulmus. 
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environment- 30, 35, 37, 72, 87, 88; 91, 106. 
enzyme - 64. 
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epinasty - 44• 
equipment, 22, 37, 40, 42, 106, 109, 119. 
Ethrel - see ethylene. 
ethylene- 16, 36, 42, 46, 56, 57, 59, 68, 10. 
Eucalypt - 43· 
Eutypa - 19· 
expansion - 9· 
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fatty acid- 17, 60, 63. 
fermentation - 29. 
fern - 46. 
fertilizer - 45. 
Fescue - 110. 
Ficus - 20, 88. 

F. 



fig - see Ficus 
flai:- 47· 
flower- 57, 68, 91· 

cut - 26, 31. 
induction - 24. 

flowering - · 14, 16, 17, 18, 19, 30, 43, 45, 46, 58, 59, 68, 122, 125. 
fluorine - 117. 
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forcing - 16. 
forest - 23, 39, 42, 43, 83, 90, 103. 
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Fraxinus- 16, 32, 33, 46, 58, 63, 67, 72, 90, 92, 100. 
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frost resistance - 43. 
fruit - 12, 32, 42, 43, 58, 59, 63, 68. 
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growth - 20, 45. 
formation - 19, 34. 
maturation - 14. 

fungi - 91. 
Fusarium- 50, 81, 114, 116, 118. 

GA - see gibberellic acid. 
geomagnetism - 23. 
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geotropism - 29, 39, 95, 116. 
Geranium - 59· 
germination - 71, 121. 
gibberellic acid- 10, 12, 13, 16, 22, 24, 31, 33, 39, 42, 43, 48, 50, 

56, 58, 60, 61, 64, 69, 88, lOB, 110, 114, 116, 117, 
122, 125. 

Gingko - 21, 30. 
girdling - ·93. 
graft- 31, 58, 77, 79, 86, 93, 97, 98. 
grape - 71. 
grapefruit - see citrus. 
grass- 108, 114 (see also turf). 
ground cover - 39· 
growth- 33, 37, 39, 40, 43, 45. 

control- 9, 10, 14, 16, 20, 25, 28, 32, 34, 36, 58, 61, 67, 84, 
85, 98, 108, 138. 

increment - 12, 91. 
inhibitor - 9, 13, 14, 24, 25, 28, 29, 

56, 58, 60, 67, 99, 116. 
phase - 76. 
plant - 33. 

32, 33, 36, 38, 42, 47, 50, I 

rate - 36. 
regulator- 9, 10, 12, 16, 19, 20, 22, 23, 24, 29, 

40, 42, 43, 47, 48, 50, 51, 54. 
retardant- 9, 10, 13, 17, 18, 19, 21, 23, 26, 28, 

40, 45, 53, 57, 59, 61, 69, 82, 108. 
stimulator- 29, 31, 43. 
substance - 29, 50, 53. 
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growth, substance, endogenous- 28, 29, 30, 36, 38, 42, 45, 53, 63, 
64, 67' 86. 

exogenous - 12, 19, 20, 26, 33, 61, 64, 72, 106. 
mode of action- 26, 40, 51, 57, 119, 120o 
site of action - 19, 109, 110. 
time of application - 42. · 
unspecified- 18, 24, 25, 26, 27, 28, 29, 43, 45, 

46, 47, 58, 60, 63, 64, 66, 67, 68, 
69, 70, 77, 80, 81, 82, 83, 84, 92, 
100, 103, 109, 110, 112, 114, 116, 
118, 122, 138, 140. 

uses - 10, 20, 28. 
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hadacidin - 29. 
hardiness - 20, 24, 33, 35, 38, 43, 56, 87. 
harvestine - 56. 
Hawaii - 16. 
healing- 75, 76, 80, 81, 84i 90, 92, 98, 99, 100. 
heartwood - 88. 
Hedera - 60. 
hedge - 39. 
hedgerow - 30. 
hemlock - see Tsuga 
Hera.cleum - 26. 
herb - 18, 37. 
herbaceous - 53. 
herbicide- 21, 22, 27, 39, 56, 61, 90, 108, 109, 110, 115, 119, 121, 

123, 124. 
hetrauxin- 13, 77. 
Hevea- 9, 98. 
Hibiscus - 98. 
highway - 108, 109, 110, 112, 114, 115, 116, 118, 123, 124, 125. 
histology- 16, 76, 77, 98. 
holly - see Ilex. 
Hordeum- 113, 116, 121. 
hormone- 10, 20, 22, 28, 30, 33, 39, 47, 63, 68, 69, 10, 72, 77, 82, 

84, 85, 94, 99, 102, 113. 
hydrazine - 29. 
hydrology - see water. 
hydroxyproline - 33. 

!lex - 45, 46, 79e 
increment - see grovTth. 
incubation - 33. 

I. 

indoleacetic acid- 9, 12 , 29, 31, 39, 43, 56, 58, 60, 64, 10, 76, 113, 
114. 

inhibition - see growth. 
injection- 22, 26, 64, 67, 81, 102. 
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injury , fire - 95· 
mechanical - 91. 
winter - 26, 83, 84, 98 (see also damage) 

insect control - 24. 
iodine - 23. 
ion - 68. 
iron - 116. 
isatic acid - 36. 
ivy - see Hedera. 

Juglans - 19, 29, 31. 
juvenility - 68. 

Kalmia - 53. 
kinetin - see under purine. 
knots - 98. 

landscape - 58. 

J. 

K. 

L. 

lanolin- 56, 10, 92, 98, 103. 
larch - see Larix 
Larix - 70. 
laser - 53. 
latex - 9. 
lawn - 108, 110, 111, 113, 118. 
leachin~ - 64. 
leaf - 24, 30, 31, 32, 33, 52, 53, 54, 63, 64, 68. 

abscission - 10 1 36, 42, 52 1 57. 
form - 20. 
minor - 24. 
penetration- 21 , 23, 60. 
spray - 28, 59, 60, 61, 116. 

Lemma minor - 13. 
Lentodium- 57. 
lettuce - 12. 
light- 13, 17, 32, 54, 59, 69, 10, 85, 116. 
lightning - 98. 
Lilium - 76. 
lime - see Tilia. 
limonene - 54. 
linden - see Tilia . 
line clearance- 14, 36, 57, 68, 83. 
liver - 53. 
liverwort - see Lunularia. 
Lunularia- 67. 
lupin - see Lupinus 
Lupinus - 67. 
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M. 

Maintain - see carboxylic acid. 
maleic hydrazide- 16, 22, 23, 30, 32, 36, 39, 50, 51, 58, 63, 108, 

110, 111, 112, 113, 116, 118, 119, 121, 122, 123, 
124, 125. 

Malus - see P,yrus. 
mango - 54· 
maple - see Acer. 
Marchantia - 45. 
Mars ilea - 9. 
maturation - 14. 
meristem- 56, 57, 60, 69, 91· 
metabolism - 9, 38, 39, 42, 50, 54· 
Metasequoia - 43. 
methods - 28, 33, 36, 38, 42, 45, 47, 48, 54, 56, 58, 59, 60, 63, 67, 

71, 72, 75, 76, 82, 93, 113, 118. -
MH - see maleic hydrazide. 
micro-climate - 32. 
minerals - 63. 
moisture - 20, 40, 90. 

stress - 22. 
Morphactin - see carboxylic acid. 
morphogenesis - 23, 45, 50, 69. 
movement - see translocation. 
mowing- 115, 117, 125. 
mushroom - 31 e 

N. 

NAA - see naphthaleneacetic acid. 
naphthalene acetamide - 47. 
naphthalene acetic acid- 21, 22, 33, 38, 46, 47, 68, 138. 
naphthalene ace tic acid 014 - 22. 
Nasturtium - 64. 
needles - 40. 
NIA 10637 - see propylphosphonate. 
Nigrol - 92. 
Nimblewil1 - 114. 
nitrogen - 16, 79, 91. 
nomenclature - 19, 42, 77• 
nucleic acid - 39. 
nurser,y - 58, 101, 110. 

stock - 42. 
nutrients - 54, 63, 116. 

oak- see Quercus. 
oat - see Avena. 
occlusion - 95. 

o. 

Off-shoot-0 - see fatty acids. 
Olea - 12, 42. 
olive - see Olea. 
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orange - see Citrus. 
organic compounds - 13, 27, 48, 72, 88. 
ornamentals - 18, 19, 31, 34 1 42, 58. 
ortho-effect - 31. 
Oxford - 71. 
oxidation - 28. 

paints -57. 
Panus - 57• 
parthenocarpy - 20. 
pasture - 109. 
patterning- 12, 30, 32, 69. 
peach - see Prunus. 
pear - see Pyrus. 
pea - 59. 
pecan - see Carya. 
pedicle - 58. 
Penelec -57· 
penetration - 21 1 23 1 60. 
permeability- 66. 
pests - 103. 
petiole - 39. 
petroleum - 17. 
Pharbitis - 125. 
Phaseolus - 33, 64, 68. 
phenol - 32. 

P. 

phenoxy acid- 10, 13, 19, 20, 39, 48, 50, 54, 56, 69, 124 (see also 
herbicides). 

phenylacetic acid - 54. 
phloem - 43, 45, 72, 98. 
Phosfon - see phosphonium halide. 
phosphonium halide- 16, 17, 22, 39 1 42. 
phosphorus - 9, 29. 
photoperiod- 12, 16, 17, 22, 42, 50, 51, 52, 53, 10, 81. 
photosynthates - 60, 72. 
photosynthesis - 64. 
phototropism- 39, 67, 68. 
physiology of chemicals- 17, 38, 39 1 48, 53 1 58, 61, 63, 67, 68, 77 1 

109. 
plants- 23, 24, 30, 56, 57, 61, 63, 85. 
trees - 14, 24, 58, 69, 92, 95, 98, 99, 102 1 103, 106. 

phytochrome - 14, 53. 
phytohormone - 11, 75. 
phytotoxicity - 121. 
phytotoxin - 22. 
Picea- 53 1 54, 57, 95· 
picolinic acid - 39. 
pinching agent - see f atty acid. 
pine - see Pinus. 
pineapple - 29. 
pinosylvin - 88, 102. 
Pinus - 91 13 1 23, 29, 40, 45 1 59 1 68, 10, 88, 95, 98, 102. 
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Pisum - 56. 
planetree - see Platanus. 
plastome - 50. 
Platanus - 75, 98, 103. 
plum - see Prunus. 
polarity- 11. 
pollen- 47. 
pollutant - 24. 
Poinsettia - 16. 
polycyclic acid - 32. 
polyethylene glycol - 47• 
polyurethane - 89. 
Poa annua - 115. 
poplar- see Populus. 
Populus- 24, 26, 45, 77, 8o, 81. 
primordia - 31. 
propagation - 45, 99· 
propylphosphonate - 50. 
prote.in - 33, 50. 
pruning- 16, 28, 32, 46, 75, 76, 79, 84, 85, 86, 89, 90, 91, 92, 93, 

95, 98, 100, 101, 105. 
chemical- 17, 18, 40. 

Prunus - 43, 91· 
apricot - 20, 19· 
cherry - 12, 20. 
peach- 14, 16, 22, 24, 59, 76, 79, 84, 88, 101. 
plum - 32. 

purine - 24, 31, 43, 46, 53, 56, 58 1 60, 64, 69, 121. 
Pyracantha - 39. 
pyridone - 71. 
Pyrus ~1alus - 12, 30, 45, 85. 

chemical effects on - 26, 33, 43, 59, 69. 
foliage - 32, 33, 59. 
fruit - 12, 22, 33. 
fruit drop - 12, 43. 

·growth - 12, 43, 46, 69, 89, 91, 99· 
translocation - 22, 59· 
wound~ 80, 86, 97, 98, 103. 

Q.. 
quack grass - see Agropyron. 
quarternary ammonium compounds - see Ammonium compounds. 
Quercus- 14, 19, 29, 59, 90, 91, 102, 103. 
quinolinol sulphate - 19, 56. 

R. 

radioactive substance- 22, 23, 26, 29, 39, 47, 61. 
radiography - 29, 59. 
radish - 13. 
rape - 47. 
rat - 53. 
rate - 53. 
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reproduction - 92. 
resin - 76. 
respiration - 31, 56. 
responses - 16, 33, 39, 43, 45, 53, 54, 60, 61, 72, 76, 88. 
reviews- 21, 28, 29, 38, 40, 42, 46, 60, 67, 68, 69, 125. 
Rhododendron- 12, 17, 46, 54, 61, 69 (see also Azalea). 
rhythm - 30. 
right of way - 28, 111, 114, 139. 
rings, tree - 54• 
RNA - 64. 
roots- 13, 16, 20, 26, 29, 47, 53, 56, 58, 59, 60, 69, 77, 86, 89, 

93, 100. 
roots, adventitious - 16, 31, 54, 72, 76, 106. 

exudate - 45, 56, 60. 
initiation- 22, 45, 60, 72. 
regeneration - 29. · 
stalks - 32. · 

rooting- 12, 13, 19, 20, 22, 42, 43, 48, 60, 61, 64, 67, 69, 19, 85, 
99, 100. 

Rosa- 63, 77• 
rot - see decay. 
Rumen obtusifolias - 31. 

SADH - see succ1n1c acid. 
Saint Paulia - 54 . 
Salvia - 48. 

s. 

Salix- 13, 22, 31, 38, 42, 43, 99. 
sap - 13, 42, 90. 
sapwood - 88, 102. 
Sassafras - 10, 103. 
scion - 31. 
season - 43, 53, 76. 
seed - 18, 19, 43, 48, 63, 71, 115, 121, 125. 
seeding - 109. 
seedling- 13, 31, 33, 39, 43, 47, 59, 64, 71, 102, 113, 114, 121 1 138. 
senescence - 31, 64. 
shellac - 91. 
shoot- 12, 30, 32, 33, 47, 53, 56, 63, 72, 91, 106. 

epicormic- 14, 32, 77, 92, 99. 
groi-¥th - 12, 21, 40, 46, 59, 68, 89. 

sieve tube - 26, 72. 
silica gel - 54. 
sod - 108. 
soil - 12, 33. 
Solanum tuberosum - 16. 
soya bean - 54, 109. 
spray - 12, 22, 28, 33, 42, 43, 53, 60. 
sprayer - see equipment. 
spring - 22. 
sprout- 10, 27, 28, 45, 77, 83, 84, 97. 
sprouting - 95, 102. 
spruce - see Pice a. 
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starch - 19· 
stele - 76. 
stem- 29, 39, 48, 52, 54, 58, 76, 80, 89, 93, 99, 125. 

form - 42, 90. 
stimulant - 22, 29, 75, 80, 92, 99· 
stomata - 29, 53. 
strawberry - 26. 
substrate - 31. 
succinic acid --12, 14, 18, 26, 30, 38, 40, 43, 45, 56, 58, 59, 66, 

120' 125. 
SUCCl_nlC acid 014 - 39 • 
sucrose 014 - 26. 
sugar- 20, 43, 72, 103. 
sugar cane - 22. 
sulphonium halide - 39. 
summer - 101. 
surfactant - 60. 
sycamore - see Acer pseudoplatanus. 

T. 

talc - 60. 
temperature- 17, 22, 45 1 71, 88. 
terpene - 48. 
tests- 38. 
thinning - 19, 33, 42 1 63, 86. 
TIBA - see benzoic acid. 
Tilia - 76. 
tissue - 28, 46, 60, 63, 69, 80, 86, 88, 100. 
tomato - 48, 56, 58, 116. 
tobacco - 68 . ;-_, 
Tordon - see picolinic acid 
toxin - 13. 
Tradescantia- 77. 
translocation- 16, 20, 22, 26, 33, 35, 39, 61, 64, 66, 12, 90, 103 

(see also transport). 
transplant - 30 1 61, 64. 
transpiration - 43. 
transport - 20, 22, 29, 30, 52, 58, 60, 69, 88, 116. 
traumatin- 77, 82, 
tree, coniferous -see conifers 

deciduous - 60, 61, 79 1 92. 
fruit- 29, 32, 47, 50, 63, 76, 83, 86, 100, 106. 
growth - 14, 22, 25. 
landscape - 58, 85. 
shade - 22, 32, 40, 91. 

Tre-Hold- 14, 133. (see also naphthalene acetic acid) . 
trimethylamrnonium chloride- 17 1 38, 39, 50, 113, 114, 116, ll8, 122 1 

125. 
trimming, grass- 108. (see also mowing). 

tree- 9, 10, 24, 27, 57 (see also pruning). 
triiodobenzoic acid - see benzoic acid. 
tropism - 116. 
trunk- 16, 29, 32, 42, 59 1 67, 79, 85, 93, 98, 106. 
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Tsuga - 76, 86. 
tuber - 16. 
Tung- see A1eurites. 
turf- 108, 109, 110, 111, 112, 115, 117, 123, 124, 125 (see also 

grass, lawn). 
highway - 108, 109. 
plug- 117, 118, 121. 

Ulmus - 92. 
ultra-structure- 37. 
Umbilicaria - 46. 
uptake - 13, 39. 

u. 

utility- 24, 27, 28, 57, 68, 83, 84. 

v. 
vapour - 72. 
varnish - 91, 138. 
vegetables - 31. 
vegetaux ligneux - 9· 
vegetation , management - 20. 

subtropical - 13, 20. 
tropical - 13. 

vernolepin - 59. 
Viburnum - 35. 
Vicia - 100, 103. 
vigour - 46. 
Vitis - 58, 68. , 
vitro - 46, 58, 76. 

w. 
walnut - see Juglans 
water- 16, 29, 33, 40, 45, 53, 54, 63, 67, 79, 91, 114. 

repellency - 26. 
waterg1ass - 105. 
waxes - 26. 
weather - 33. 
weed - 68, 111, 124. 

control - 30, 61, 113, 114. 
West Penn Power Company - 68. 
wetting agent - see adjuvant. 
wheat - 54, 114, 122. 
willow - see Salix. 
winter - 9, 26, 53, 84, 89, 90. 
wood - 29, 42, 10, 88, 96. 
woody plant- 12, 14, 17, 22, 24, 25, 28, 29, 35, 36, 38, 39, 42, 43, 

50, 51, 53, 56, 58, 68, 87, 89, 92, 140. 
wound- 27, 32, 75, 76, 77, 79, 80, 81, 82, 83, 85, 88, 90, 91, 92, 93, 

95, 96, 97, 98, 99, 100, 103, 105, 139. 
healing - see healing. 
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wounding- 76, 77, 91, 103 (see also damage and injur.y). 

xanthoxin - 63. 
xylem- 12, 13, 42, 45. 

yellowing - 38. 

x. 

Y. 

yield- 22, 60, 109, 114, 116. 

z. 

Zinnia - 45• 
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