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Introduction: 

     Plant hormones in the past have hailed as the signaling 
chemicals in plants that control all aspects of growth. What are 
they? A hormone is a signaling molecule released from one cell 
that affects the growth and development of target cells which 
have appropriate receptors. The important factors affecting plant 
growth and development include heredity, hormones, nutrition, 
and environment, not just hormones alone. The focus here is on 
hormones and their role in aquatic plants and plants in general. 
Plant scientist soon realized that hormones are more complex 
and integrated with the whole plant. Many have assumed they 
can control all aspects of plant growth by adding hormones on 
their plants. While gibberellic acid can be used to increase grape 
fruit length (ever notice those oblong green seedless grapes? 
They got gibbed!), they do not appear to have much impact on 
aquatics in general. In Cryptocoryne, floral production increase 
with emergent plants (Kane et al 1993, also see web reference 
on APD 1996). I repeated this same test with 2 other species in 
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the genus with the same results. But does the aquarist use floral production as part of 
their horticulture? Do they want to increase fruit size in their aquatic plants? Unless you 
raise rice commercially or enjoy water lilies out doors it is unlikely many will embark on 
this culture method. Various nurseries do use seed for production of aquatic macro-
phytes. Thus many products have recently appeared on the market that suggests we 
might control all aspects of plant growth. Clearly we have grown plants effectively for 
decades without such hormones, but have we really?  

 
     Plants produce their own endogenous hormones 
that allow them to grow and adapt to their individual 
environments. By providing them with good basic 
nutrients, they are able to control such growth and 
adapt to their new environments best.  
The hormonal impacts are regulated by the amount 
of basic building blocks that the plant has available, 
such as carbon and sugars made from photosynthe-
sis and CO2 fixation. Hobbyists may add all the hor-
mones in the world on a CO2 limited plant and not 

have any effect. What is a reasonable standard and expectation for improving aquatic 
macrophyte growth? I would argue you would require a good baseline based on non 
limiting growth from nutrients and CO2, a stable grow out period of no less than 2 to 3 
weeks prior to testing. 
 
     When I’ve added hormones 
to the water column, I’ve yet to 
see anything significant. This 
does not imply there are no sig-
nificant effects from their use. 
There may be significant effects, 
but they maybe very subtle and 
hard to distinguish without care-
ful analysis and methods. Few 
hobbyists are going to analyze 
such subtly with rigor thus wide 
spread contention will exists 
more based on belief than actual 
data supporting their views. 
 
     The distinction between endogenous and exogenous hormones is one that is often 
overlooked. What is the difference? One is produced internally by the plant. The other 
is added externally (i.e. by us). Their role highlights the interwoven relationship alloca-
tion/partitioning of resources has on plants. It is not one single thing, no silver bullet; it 
is the holistic approach to growing plants that will maximize growth rates. Hereditary, or 
genetic factors, control the general species characteristics of the individual and set lim-
its on size and rate of growth.   
 
Genetic and molecular enhancements have attempted to increase growth rates as 
well, while such methods have great potential, they also are mitigated by basic proc-
esses such as allocation/portioning within the plant and today there is a more prag-
matic approach. The gene action, in turn, is controlled by various growth regulators, 
particularly hormones and nutrients. 
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 The main classes of plant hormones: 
 

• AUXINS 
• CYTOKININS 
• GIBBERELLINS 
• ABSCISIC ACID 
• ETHYLENE 

 
Auxins promote elongation of stems and 
coleoptiles (the typically soft protective 
cylinder that covers and protects the ten-
der leaves during germination). The 
chemical name for auxin is indoleacetic 
acid (IAA). It is applied to some fruit trees 
to promote uniformity in flowering, setting 
of fruit, and development of fruit. Re-
search has suggested auxins also may participate in growth responses to light and 
gravity (Chen et al, 1999; Rashotte et al, 2000). IAA entry into cells is facilitated by an 
auxin uptake carrier encoded by the AUX1 gene (Marchant et al, 1999). Such tight 
control suggests that the endogenous role of these hormones is the primary regulation 
pathway rather than exogenous dosing to the water column where the hormones are 
greatly diluted. Synthetic auxins are used as herbicides such as 2,4- D; 2,4,5-T, 
dicamba and picloram. 
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“Cytokinins are not 
commonly used in 

agriculture, however, 
cytokinin may be 

used in tissue 
culture to induce 
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Adapted from Normanly et al, 1995 



Continued on page 5 

     Cytokinins stimulate cell division in root 
meristems where they are abundant. Cyto-
kinins primarily promote cell division but 
they also influence cell enlargement, tissue 
differentiation, and dormancy, phases of 
flowering and fruiting and retardation of leaf 
senescence (Hartman et al, 1981). Cyto-
kinins and auxins interact to affect differen-
tiation. A high auxin to low cytokinin ratio 
stimulates root development, whereas a low 
auxin and high cytokinin ratio stimulates 
bud development. Equal concentrations of 
auxin and cytokinin results in undifferenti-
ated tissue or callus (Janick,  1979). Cyto-
kinins are not commonly used in agriculture, 
however, cytokinin may be used in tissue 
culture to induce shoot development 
(Hartman et al, 1981). There are two main 
classes of cytokinins: adenine (Zeatin; see 
figure) and phenylurea cytokinins. Although 

their chemical compositions differ to some degree, there is a structural correlation be-
tween adenine cytokinins and urea cytokinin, and both show similar biological activities 
in plants. They are rapidly transported via the xylem and concentration tends to peak 
during the day.  
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Figure 5.     Proposed biosyn-
thetic and metabolic pathway 
for cytokinins. Left, The pro-
posed biosynthesis of zeatin 
tri-/diphosphate in Arabidop-
sis. Both ADP and ATP are 
likely substrates for the plant 
IPT enzyme, and these and 
their di- and triphosphate de-
rivatives are indicted together 
(e.g. ATP/ADP). The biosyn-
thesis of cytokinins in bacteria 
(e.g. A. tumefaciens) is com-
pared next to it. Right, Sev-
eral possible modifications 
and the degradation of zeatin. 
The diagram only depicts re-
actions that are described in 
the text; cytokinin metabolism 
is more complex than the 
pathways shown (see Mok 
and Mok, 2001). Adapted 
from Haberer and Kieber, 
2002. 
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     Transport is generally through a purine trans-
port system in the cell. An important aspect often 
overlooked by hobbyists and gardens: It is re-
leased by  meristematic cells when they have 
enough nutrients support both themselves and 
any adjacent dependent cells. They maybe di-
rectly or indirectly induced by high levels of gib-
berellic acid. 

     Gibberellins are a group of naturally occurring plant hormones that affect cell enlargement and division which leads to 
internode elongation in stems. They have a dwarf reversing response allowing certain dwarf cultivars to grow to normal 
height when treated with gibberellin. They affect many developmental processes, particularly those controlled by tem-
perature and light such as seed and plant dormancy, germination, seed stalk and fruit development (Janick, 1979).  
 
     Gibberellins are used commercially to increase fruit size of 
"Thompson Seedless" grapes. They are applied at fruit set or shortly 
thereafter. The typical “long fruit” are a classic effect of this hormone.  
They also promote male flower initiation in cucumbers when pollen is 
wanted for hybrid seed production and may overcome the cold require-
ment for flowering of some perennial plants (Hartman et al, 1981). Gib-
berellic acids are synthesized in the embryo and germinating seeds as 
well as root tips. It is also synthesized in apical meristems and young 
leaves. Transport is non polar and bidirectional and response to root, 
environmental, pest, and disease stress. Dr Kane is one of the few 
researchers that has done much with hormones and ornamental 
aquatic plants. It may have a one time effect to increase flowering in 
the genus Cryptocoryne (Kane, 1995).    
 
     Abscisic acid may interact with other hormones in the plant, coun-
teracting their growth-promoting effects and down regulating them. It 
inhibits rather than stimulates plant growth and is sometimes use in 
tissue culture. Abscisic acid promotes dormancy in seeds and is in-
volved in leaf and fruit abscision. The abscisic acid content of leaves 
increases following water stress, where it induces closure of the sto-
mata (Hartman et al, 1981). This is not a good thing in the context of 
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Above is the proposed biosynthetic pathway for gibberellic acids in 
A. thaliana. Dotted lines indicate the steps that are catalyzed by GA 
20-oxidase. CPS, ent-copalyl diphosphate synthase; ent-CDP, ent-
copalyl diphosphate; GGDP, geranylgeranyl diphosphate; KAO, ent-
kaurenoic acid oxidase; KO, ent-kaurene oxidase; KS, ent-kaurene 
synthase. GAs are tetracyclic diterpenoids that are synthesized from 
geranylgeranyl diphosphate produced mainly through the me-
thylerythritol phosphate pathway (Kasahara et al., 2002). Adapted 
from Yamauchi et al, 2004. 

ABA (Abscisic acid) 
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aquatic plants! Abscisic acid is expensive to synthesize and no commercial applications are as yet in use. Greenhouse 
growers and nurserymen commonly use growth retardants in managing plant growth. Many synthetic compounds are 
available to dwarf plants, increase branching and manage flowering to produce compact flowering plants in a timely 
manner. Use of growth retardants is specific by species and desired result. Algae tend to be unaffected by its use. Below 
is a proposed pathway for ABA(Schwartz et al, 2003). 

     Ethylene is often 
used to ripen bananas 
and other fruit once at 
market. Ethylene is a 
gas that can diffuse 
readily throughout the 
plant. It is produced in 
meristematic tissues, 
ripening fruits, senesc-
ing flowers and fruits 
and germinating 
seeds. In aquatic 
plants, it helps to form 
the lacunae and 
aerenchyma that are 
hallmarks of aquatic 
plant anatomy (Kende 
et al, 1998). The cu-
ticular coating of the 
plant tends to prevent 

losses from the plant (Hartman et al, 1981). Synthetic ethylene-releasing com-
pounds such as ethephon are used to ripen bananas, pineapples, melons and 
tomatoes, and when applied as a preharvest spray it promotes uniform ripening 
of apples, cherries and pineapple. It is used to increase the production of female 
flowers in cucumbers which helps to develop fruits and increase yields. High 
concentrations of ethylene may be harmful to many plants, inducing leaf abscis-
sion and hastening senescence of flowers and fruits (Hartman et al, 1981).  
 
     In higher plants, ethylene is produced from L-methionine. Methionine is acti-
vated by ATP to form S- adenosylmethionine through the catalytic actvity of S- 
adenosylmethionine synthetase. Starting from S-adenosylmethionine two spe-
cific steps result in the formation of ethylene. The first step produces the non-
protein amino acid 1-aminocyclopropane-1-carboxylic acid (ACC). It is catalyzed 
by ACC synthase with pyridoxal phosphate acting as a co-factor. Formation of 
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Utricularia inflata from the Lower  
Suwanee wildlife refuge 

Ethylene 
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ACC is the rate-limiting step in ethylene biosynthesis. 
Production of ethylene from ACC is catalyzed by ACC 
oxidase. This reaction is oxygen-dependent. At an-
aerobic conditions ethylene formation is completely 
suppressed. Fe2+ is a co-factor and ascorbate a co 
substrate; CO2 was shown to activate ACC oxidase. 
The concentration of ethylene in a plant tissue is de-
pendent on the rate of biosynthesis and on diffusion of 
the gas. Ethylene is neither actively transported nor 
degraded. Induction of ethylene synthesis by signals 
such as auxin or wounding usually occurs through acti-
vation of ACC synthase through increased gene ex-
pression. ACC oxidase activity on the other hand is 
constitutively present in most vegetative plant tissues.  
 
Pathway for C2H4: 

 
Root vs shoot sources for endogenous hormones: 
  
    What good might roots provide a plant other than anchorage, 
storage and nutrient uptake? There have been several studies 
that suggest that roots might play a role in endogenous hor-
mones but no study specifically on aquatic plants has show this 
to be the case to date (Cedergreen and Madsen, 2001). The time 
reaching the maximum concentration of  IAA and ZR was just 
around the time of a maximum seedling growth rate in Vallis-
neria. IAA and ZR contents were positively correlated with growth 
rate. However, GA3 was negatively associated with growth rate 
and more GA3 in V. natans seedlings was induced by high cur-
rent velocity (Ke and Li, 2005). Such studies highlight the other 
possible roles of roots other than for anchorage, storage and nu-
trient uptake.   
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The proposed sequence of events connecting submergence 
and enhanced internodal elongation. 
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Left:  Note slight CO2 
deficiecy in the  
L. aromatica. Other 
less sensitive plants 
are fine, but the pro-
gressively smaller 
growth at the apical 
meristem along with 
reduce vibrancy of the 
color is a good indica-
tor that CO2 issues 
are present. They tank 
has 1000 fish and is 
also dosed standard 
EI thus we may rule 
out other factors such 
as light and nutrients, 
leaving solely CO2. 
Upon looking critically 
at the CO2, it’s found 
that it was a little bit 
low for the high light 
tank. When the CO2 
was corrected, the 
growth and coloration 
came back. 
 

 
 
 
Right:  Note L. aromatica the  
previous week with good CO2.  
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Nutrients involved with hormones in plants: 
 
     Calcium interacts with auxins and cytokinins in regulating cell divisions and elongation. Nitrogen is involved in the 
structure of chlorophyll, proteins, auxins, and cytokinins. For many plants, the presence of both ammonium and nitrate is 
optimal for growth, but nitrate is taken up in the largest quantity (Chrispeels et al, 1999). If nitrate accumulates in the root 
or if the root is exposed to ammonium or certain amino acids, uptake is down regulated. Such control allows the plant to 
respond efficiently to its environment, change its growth patterns according through not just hormonal factors, but rather 
integrative ones that include gene expression, nutrient considerations and the health status of the meristemic growing 
regions.  
 
Conclusions: 
 
     Plant hormones have a variety of regulatory functions in aquatic plants and plants in general. These tend to be 
endogenously produced to have an effect. A hallmark of aquatic plants are lacunae which are formed by ethylene by cell 
lysis inside stems, roots and leaves. 

     Some notable effects that have been shown to occur in aquatic plants include changes in heterophylly (Potamogeton, 
Hipperus, Marselia and  Proserpinaca ) and flower production (Cryptocoryne) (Anderson 1978), (Goliber, 1989), (Hsu et 
al, 2002), (Kane and Albert 1987), (Kane et al, 1993). Aquatic systems dilute exogenous hormones that aquarist might 
add. There has been some suggestion to dip aquatic plant cuttings in root hormones to enhance recovery after pruning 
but in general, such plant are already able to rapidly form roots with ample nutrients and lighting. Thus such plants can 
respond to the environment and horticulture practices by providing more basic plant health. Often aquarist hear about a 
product containing hormones and assume that it will help their plants, but there is not a lot of evidence in anecdotal nor 
in the research to suggest that it might be of benefit to the hobbyist. Plants are very good at making chemicals provided 
they have good environmental conditions and nutrients available to them. Many seek to improve and enhance growth 
rates further but adding hormones is a more complex and sophisticated issues than many aquarist are aware. Many 
things within plant growth and development are interwoven and interconnected.  
 
     The biosynthetic pathways are included to show what processes and chemical transformations are performed by 
plants. Such complexity at the base level allows the aquarist to appreciate the ability of the plant to adjust biochemically 
to its environment without the aid of exogenous chemicals. Plants cannot run away or move to a new location easily, so 
they make chemicals to help them survive, grow and change.  
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