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THE EFFECT OF SOME GROWTH SUBSTANCES ON THE CELL WALL STRUCTURE 

by Vl adimir 

State Forest Products Re search Ins titute, Bratislava 

INTRODUCTION 

The variabil i ty of the cell- wall st r ucture in secondary xyl em in a tree s t em 
depends partly on the ontogenetic stage of its development and partly on 
the environmental conditions under which the individual has been growing. 
There is plenty of information in the l i tera ture about the phaenotypic 
variability of cell- wall structure, but much less is known about the cau-
sal relationships of this variability (V .NECESANY, l96l, V.NECESANY and 
CETLOVA, in l itt .). 

The number of variable feature s of cell- wall structure i s re l ativel y limited . 
First of all, there are two feature s of fine s tructure, namely the micro-
fibri l orientation and , as assessed recently, the micr ofibril thickness 
(NECESANY, l968). Al though a feature of chemical composition of the cell 
wall, cell-wall l ignification may a l so be mentioned here. It s relation to 
ultras tructure seems to be logical. 

From the viewpoint of microscopic s tructure, three features are character-
istic : Cell-wall thickness , cell length and cell width. Unde r the term 
cell we unders tand throughout this paper either a tracheid or a libriform 
wood fibre. 

Research on reaction wood has indicated that auxins influence many of the 
above -mentioned features of cell-wall structure (WERSHING & BAILEY, l942; 
ONAKA , l 949; NECESANY, l958; CASPERSON, l 967). When new growth substance s 
were discovered we naturally supposed that they a l so influence str uctural 
features of the cell wa ll. Experiments with tissue cultures of V i n c a 
rose a indicat ed that this assumption was correct (NECESANY , l968) . 

Growth substances may be transported to cambial zone and youngest xylem 
either as such or in the form of precursors . Her e they can be dete cted 
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y I )( I'during most part of the day (NECESANY, l958; et al., l965). In 
this paper we are describing experiments which had been designed to show 
if the effect of growth substances in intact plants is the same as in 
tissue culture. At the same time the plant material was used to analyze 
additional relationships between submicroscopic and microscopic features of 
cell-wall structure which could not be elucidated with tissue cultures. 

MATERIAL AND METHODS 

One-month-old shoots of one-year- old seedlings of fast - growing poplar  
p 0 p u l u s X c ana d e n s i s  M o e n c h, cultivar I - 2l4 were 
treated with lanoline pastes containing the following solutions of 
indoleacetic acid ( IAA), gibberellic acid (GA ), kinetin and 2,3,5 - triiodo-3benzoic acid (TIBA): 

IAA lO ppm. ( 5 ppm. in the paste)  
IAA lOO ppm. ( 50 ppm. 11  

IAA lOOO ppm . ( 500 ppm.  11 

GA lO ppm . ( 5 ppm. 113  
GA lOO ppm . ( 50 ppm. 11 3  
GA3 lOOO ppm. ( 500 ppm. 11  

kinetin l ppm. ( 0,5 ppm. 11  

kinetin lO ppm. ( 11 5 ppm.  
kinetin lOO ppm. ( 50 ppm. 11  

TIBA lOO ppm. ( 50 ppm. 11  

TIBA lOOO ppm. ( 500 ppm .  11 

11TIBA lOOOO ppm. (5000 ppm . 

control with the lanoline paste without any growth substances . 

The aqueous solutions of gr owth substances were mixed l:l with l anol ine. 
The content of growth substances in pastes was therefore one half of that 
of the solution. Considering that l anoline is inert to the organism and that 
the solution is mechanically bound to it, only concentrations of growth 
substances in water are used in the text. 

Experimental plants were approximately 60 cm tall. Pastes were applied at 
mid-height (about 30 cm above the soil), where the stem had a diameter of 
8-lO mm, to a 25-30 mm wide ring of bark from which the epidermis had been 
scraped immediately before. The thick l ayer of paste was then covered with 
gauze and aluminum foil to protect it against rain and sunlight. 
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After a one - month incubation time with growth substances all stems were cut 
off and sample s of 50 mm length containing the whole stem diameter were taken 
from a point 50 mm under the paste ring. Phloem and pith were removed and 
the wood was cut into small pieces. These pieces were then boiled under a 
reflux condenser in Franklin reagent and macerated for 30 min. 

The resulting fibre material was used to measure l engths and widths of 
libriform wood fibres and thickness of their cell wall s with a light micro-
scope . Thicknesses of primary wall microfibrils were measured on electron 
micrographs after preparation of the material by a method published recently 
(NECESANY, l 968). These values of microfibril thickness, measured in electron 
micrographs at a magnification of 29 '000, should not be regarded as absolute 
ones. They are relative only, but since all of them are subject to the same 
systematic error they are st ill useful for the study of the effect of 
growth substances on microfibril thickness. 

RESULTS 

Results are given in Tab.l and for better clarity plotted in Figs. l-4. 
They are more similar to tissue - culture experiments than we anticipated 
and do not require, therefore, very much comment. 

The average thicknesses of primary wall microfibril s and the average lengths 
of libriform wood fibres decrease both with increasing concentrations of 
IAA and GA , but increase with increasing concentration of TIBA and show a3 
peak with a concentration of lO ppm.kinetin . Cell- wall thickness i s influenced 
by different concentrations of IAA and GA in the same way as microfibri l3 
thickness and cell length. The effect of kinetin and TIBA on the formation 
of cell-wall thickness, on the other hand, is rather irregular in comparison 
with those of the other growth regulators . 

In spite of a ll these effects, the cell width does not seem to be regularly 
limited by growth substances at the concentrations used in our experiments . 
Only the effect of TIBA corresponds to the known antiauxin activity of this 
substance. 

DISCUSSION 

The results must be evaluated from two different points of view, namely the 
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effects of growth substances as such , as well as effects of their interaction. 

Recently, the effect of IAA, GA and kinetin was investigated with crown-gall3 
tissue cultures of Vinca rose a L . (NECESANY, 1968), but at concen-
trations three orders of magnitude lower than those used in the present study . 
Even though the two pl ant species differ taxonomically and morphologically, 
their curves of average microfibril thickness and average tracheid length 
possess the same characteristics though at two different l evels of 

concentration . The same relationship can be obser ved with average cell-wall 
thickness except with kinetin treatment. The shifting of curves between 0.01 
and 1.0 ppm in V i n c a and between 10 and 1000 ppm. in P o p u l us 
looks very similar. Comparison of this effect with the double peaked curve 

showing the effect of IAA concentration on t he average velocity of plasma 
streaming (NECESANY , 1956) indicates that other growth substances have effects 
similar to that of IAA. The difference in relative hight of the two peaks may 
possibly be explained by the different characteristics of the two investigated 
plants . 

The effect of TIBA on xylem formation is that of an antiauxin (GALSTON , 1 947 ; 
CRONSHAW and MOREY, 1965; KENNEDY and FARRAR, 1965). Our results support this 
view: the effect of l ow doses of TIBA is identical to that of high doses of 
IAA and vice versa . 

This paper is particularly concerned with the r elationship between various 
pairs of features of microscopic and submicroscopic cell- wall structure. With 
the information given in Figs. l-4 we can construct the relationship between 

individual pairs of features for each of investigated growth substances 

(Tab.2). Microfibril thickness, cell- wall thickness and cell length can be 
considered as features of mutual direct proportionality. The relationship 
between cell length and cell- wall thicknesss as well as between microfibril 
thickness and cell l ength has recently been assessed (NECESANY, 1968). The 

appearance of some of these features is so closely correlated that the effects 
are brought about simultaneously by growth regulators of very different mode 
of action . The effect of kine tion of cell- wall thickness is an exception . 
An inversely proportional relationship between cell length and microfibril 
orientation is well known (WARDROP and PRESTON, 1947; WARDROP and DADSWELL, 
1951; NECESANY, 1961, in litt.). Since the same relationship between cell-

wall thickness and microfibril orientation has been found (NE6ESANY, in litt.), 
it can be assumed that a similar inverse proportional relationship of 
microfibril orientation and microfibril thickness propably exists . The 
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re l ation of l ignin content to the above -mentioned structural features is 
interesting. According to our unpublished data, an inverse proportional 
relationship between microfibril thickness and lignin content seems to be 
evident . We may therefore also assume a s imilar indirect proportional 
relationship of lignin content and cell-wall thickness as well as cell length. 
The existence of a re l ationship between lignin content and cell- wall thickness 
has been found in hardwoods (NECESANY , in litt . ), another one- between lignin 
content and cell length - is indicated by chemical and structural characterist-

ics of hardwood reaction wood. In the same manner a direct proportional 
relationship between cell wall lignification and microfibril orientation in 
secondary wall seems to be indicated a l so by the characteristics of reaction 
wood . Last of analysed cell- wal l features - the cell width- does not seem 
to be correlated with the other features analysed here . This is in contrast 

with the finding that the formation of wider or shorter cells is supported 
by an abundance of IAA. Our results with IAA do not show this relationship, 
a lthough the effect of TIBA and partly that of kinetin indicate the 
possibility of its existence . One of the possible expl anations of this 
failure could be that too low concentrations of IAA had been applied for 

obtaining such effect . 

SUMMARY 

The effect of growth substances IAA, GA , kinetin and TIBA (three different3 
concentrations each) on the thickness of primary wall microfibrils and on 
the length of libriform wood fibres of fas t-growing poplar P o p u l u s 
x c an a d e n s i s , I- 214, has been shown to be the same as in tissue 
culture of the V i n c a r o s e a crown- gall, but at concentrations 
higher by three orders of magnitude . The possible relationship between 
structural features and the ve l ocity of plasma streaming is briefly discussed . 

The analysis of the effect of some growth substances has been extended to 
two other cell-wall features, i.e. cell- wall thickness and cell width . Cell-

wall thickness, but not cell width was controlled in the same way as the two 
other features . 

Direct proportionality exists between thickness of primary microfibril s, 

cell- wall thickness and cell length. An inverse proportional re l ationship 

between these features on the one hand, and l ignin content and microfibril 
orientation in secondary wall s on the other hand, seems probable . Accordingly, 
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Tab . 2 :  Approximative relationships between vari ous pairs of cell- wall 
features - if different growth substances applied - in accordance 
to Tab . l and Fig. l - 4 
+ a tendency to the proportionality 
- a t endency to the inverse propor t i onality of the relation ship 

Ill GA kinetin TIBA3 

microfibril thickness/cell wall thickness + + - + 

microfibril thickness/fibre cell length + + + + 

microfibril thickness/fibre cell width ? ? 

cell wall thickness/fibre cell length + + - + 

cell wall thickness/fibre cell width  ? ? + 

fibre cell length/fibre cell width  ? ? ? 

LEGENDS TO FIGURES 

Fig . l- The effect of increasing concentration (ppm.) of growth sub s t ance s 
on the average microfibril t h ickness (R) in primary wall of wood 
fibre cells . Note the comparison l evel a t 200 R. 

Fig . 2 - The effect of increasing concentration (ppm . ) of growth subs tances 
on the average c.ell- wall thickness (pm) of wood fibre cells . 
Note the compari s on l evel at 1.00 pm. 

Fig . 3 - The effect of increasing concentra tion of growth subs tance s 
on the average fibre-cell length (pm) . Note the compa r ison 
level at 400 pm. 

Fig. 4- The effect of increasing concentration (ppm.) of growth s ubs tances 
on t he average fibre cell width (pm). The c omparis on l evel at 
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