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Chemical control of wall-vegetation
Neutralisation of herbicides

Teresa M. Mouga, M. T. Almeida, P. J. Rosa

Instituto Botdnico, Universidade de Coimbra - Portugal

Abstract

The chemical control of the limestone-growing wall vegetation has to be made carefully, to prevent damage
caused by acid herbicides. The results obtained with a new methodology of herbicide neutralisation by
potassiunt hydroxide are here presented. This neutralisation proved its efficiency both in killing the plants
and decreasing the damage caused to the stone.

Introduction

The presence of higher plants growing on monuments causes visual obstruction, higher humidity retention,
and mainly, physical and chemical degradation of the monuments, due mainly to the growth of their roots.
All these effects cause severe damage to the monuments and, if thev can not be prevented, they should, at
least, be treated.

The chemical control of the wall vegetation has been stated as a suitable instrument of conservative
; intervention (Caneva & De Marco, 1986; Bettini, 1988, Caneva, ef al, 1991). However, the use, and
I sometimes the abuse, of herbicides has not been the most adequate, endangering either the environment or
"' the monument in question, (Caneva & De Marco, 1991).

Thus, anv intervention of conservation should be made with previous, careful studyv of the monument, the
deteriogens and the biocides. This will allow the efficiency of the treatment guaranteeing that the monument
and the environment wiil not be affected (Caneva & De Marco, 1986; Bettini, 1988; Caneva & Tiano, 1988).

It is also important to determine potential coliateral effects of the herbicides, not only for the possibility of
environmental contamination (soil, air and/or water) but mainly because the oxidative degradation of the
herbicides may originate products with higher acidity then the original products (Caneva & De Marco,
1986). Thus, when dealing with monuments particular attention should be given to the fate of herbicides:
any interference with the stone of the monument can stain it or even worse can cause damage.

- The study of the growth of higher plants in the roman town of Conimbriga, Portugal is undergoing. This

town was prosperous from the 15t to the sth Century AD and then the town was abandoned. Until a few
. decades ago, this area was intensely cultivated.

2. On the end of the 19th century excavations started. Until now only one sixth of the town has been excavated.
: The growth of higher plants occurs either on the non excavated locals or on the excavated monuments:
= walls, columns, gardens, main-wall, pools, etc. The main construction material of the buildings of
~ Conimbriga is of Jurassic limestone. Other types of carbonate rocks were also used, but in less extent. So,
' the chemical control has to be made very carefully because all the carbonate rocks are particularly sensitive
i }0 the weathering action of acids.

* This paper presents the results obtained through several experiments in which we took in account the
2 f"cathenng action of acid herbicides that could, indeed, damage the limestone.

; To minimise this problem, a new methodology was followed. We have determine the efficiency of two well-
g known acid herbicides, after they have been neutralised (to pH=7) with potassium hydroxide (KOH). The

- choice of neutralising with this compound was due to its simplicity. The group OH" reacts rapidly with
hYdfpg_en 1ons so abundant in acid solutions thus increasing the pH. The potassium ion may react with the
- Berbicide, but it does not interfere with the efficiency of the herbicide.

3 The Purpose of these experiments was fo test the efficiency of the neutralised herbicides and to determine if
¢ neutralisation diminished the damage caused by the acid herbicides.
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Experimental methods

Two herbicides were selected because they were recommended as to kill plants in non agricultural areas g :
because they were previously used in monuments (Caneva & De Marco, 1986; Bettini, 1988; Cane\-a '
Tiano, 1988; Caneva et al, 1991). ;

The cha.ractcnstlcs of these herbicides are shown in Table 1.

Both these herbicides are non-selective, lullmg a wide range of plants. This quality is preferable for ato e
weed control.

Laboratory tests

The first step was to determine the proper concentrations that should be used for each herbicide, for ead
type of vegetanon (therophytcs chamaeophytes, ...). Then the pH for each solution was determined andth
exact quantity of potassium hydroxide that should be used in order to neutralise its pH. The concentration 0'[* :
each herbicide was determined according to the information given in the technical books.

For the herbicide Ricochet, only one concentration was given (8-12 | per hectare). It was decided to test the®
medium value, 10 L/ha. For the herbicide Roundup, several concentrations were recommended, dependingo
the type of vegetation. Thus, 4 solutions were studied. The concentrations advised and the final solutions a5 3

shown in table 2. AR

After the dilutions the pH for each solution was determined and the amount of potassium hyvdroxide (]jz-_x‘uicii

needed to reach a pH of 7. In table 3 are the results we have achieved for the neutralisation of each solution

These five neutralised solutions, were then tested for their biocidal efficiency. The herbicides were testad on
several species of plants and the resuits indicate that the treatment did not affect the herbicide's ability to kil
the plants. Although, detailed results can not be shown in this paper for it would make it too large. These?
results will be published in due time, g

de
g

Control of the action of the herbicides on stone

One of the main characteristics of herbicides, when used on monuments should be their cherical
inactiveness with stone. Experimental tests were performed to prove that the neutralisation of the corzmon §
herbicides does indeed prevent the degradation of the imestone. "

The rocks used were of the same type of limestone (Jurassic limestone) of the constructions of Commbngé_g
The size, shapes and weigh of the rocks were taken into consideration for great variations may be misleading ;
when reading the results. So similar rocks were chosen. These rocks were immersed in the herbicide solntion
for two months. It was expected that due to the dissolution of calcium carbonate in acids there should be
both an increase of calcium and of the pH in the herbicide solutions. ’

For the first test alterations of quantity of calcium in solution, before and after the two months' immersion,!
were determined. For the second test pH measurements of the solution, before and afier the two mcmths
immersion, were undertaken.

J
These two tests were performed on nine solutions. Only two of the Roundup solutions were tested, the ones 5§
with higher and smaller concentrations of herbicide, because the differences of concentrations are small, thus
allowing to extrapolate to the intermediate solutions. Four solutions were elaborated, two neutralised and
two not neutralised, for both concentrations of this herbicide. Two solutions of the herbicide Ricochet were &8
also tested, neutralised and not neutralised. In each of these six solutions a rock was immersed. ;

Finally, three control solutions were elaborated corresponding to the same concentrations of the tw0 I8
herbicides not neutralised. The period of two months for the experiment was decided due to the pemlsﬁ:ﬂ“ W
time of the herbicides. Both herbicides are composed by the glyphosate that has a persistence time of 60 &
days. The simazine, that also composes the herbicide Ricochet has a persistence time of 12 months &8
maximum (Caneva & De Marco, 1986). Thus, the minimum interval of two months was established to 2lloW §
the herbicides to interact with the stone for a certain period of time. By the end of this period both herbacides &8
would probably diminish or stop their chemical activity. b
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Results
Alterations in the concentration of calcium

The weathering of calcium carbonates produces a release of caleium ions, due to the action of the hydrogen
jons of the acids. Thus a greater increase of the amount of calcium is to be expected for the not neutralised
perbicides then for the neutralised ones. The results obtained after two months are shown in table 4.

The results observed show a huge concentration of calcium only on the solution F, corresponding to the
perbicide Ricochet, not neutralised. Comparing this value to the concentration on the solution E, of the
nerbicide Ricochet neutralised, the values are very distinct, being the second much smaller. The other
solutions show very small differences in the concentration of calcium for neutralised and not neutralised
solution.

1n order to analise these results a statistical test was performed, the Student t-test, paired, two-tailed, for a
confidence interval of 95%. However, when using parametric tests, we must have similar variances in the
groups of data. The data were then transformed, multiplied by their log }0(x), to diminish the huge disparity
of variances (Sokal & Rohlf, 1987).

The control solutions G, H and I, are the reference to the solutions of herbicides. Since no calcium addition
was made by the neutralisation, the amounts of calcium of these three solutions represent the calcium in
water plus the calcium that the herbicides may have. If the solutions with the rocks present larger amounts
than these control solutions, this is due to carbonate dissolution. These solutions were thus compared with
ihe three solutions of herbicides neutralised (A, C and E) and then compared with the solution not
neutralised (B, D and F). The transformed data and their statistics are shown in table 5.

As it can be seen in tables 6 and 7 -statistical results of the two comparisons- in both cases the changes in
calcium carbonate were statistically not significant, as the probability p >0.05. Concomitantly we can not
conclude if the neutralisation of herbicides is benefic or not, from the deterioration point of view.

Although we must refer that, for all the solutions of the herbicide Roundup, occurred the formation of a solid
precipitate that, unfortunately could not be identified. This precipitate was particularly evident in the
solution D corresponding to Roundup phanerophytes not neutralised. This precipitate may explain the minor
alteration in the concentration of calcium observed, yet no conclusions can be drawn from this test.

pH changes

Considering that the pH changes are due to the dissolution of calcium carbonate, then larger or small

changes represent bigger or smaller damage to the stone. If the neutralised solutions cause smaller
. dissolution of calcium carbonate, it is expected smaller increase in the pH. The measurements of pH were
. performed at the immersion of the rocks and after two month's immersion, when the expenments were
» concluded.

-_ iy
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Results present in figure 1, show that the pH changes observed for neutralised solutions are much smaller
* than pH changes for the not neutralised solutions.

;" Again, the Student t-test was used to analise statistically the results. Tables & and 9 show respectively the
¢ Tesults obtained and the statistical test for the solutions not neutralised. The probability p <0.05 found means
- that the changes were statistically significant. Thus we may comclude that the herbicide produced 2
© significant damage to the stone.

. For the neutralised solutions the data obtained and the statistical analyses are shown in tables 10 and 11
’?Sp_egtlvely. As it can be seen, the probability is lower than 0.05, so the changes in pH are not statistically
Significant.

We may conclude than that, regarding pH changes, the neutralisation seems to be effective in diminishing
¢ the damage caused by the herbicides.

LR
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Conclusions

The neutralisation of herbicides does diminish the damage caused to the stone by acid herbicideg -
neutralised herbicides were less damaging to the stone as a smaller increase of the PH of the sopyy
occurred. Because pH changes are due to the degradation of the limestone, more particularly to”
dissolution of calcium carbonate, the smaller the change, the smaller the degradation. The calcium gy,
test did not show statistically concluding results for the solutions. However, as a precipitate was forma
may explain these results.

One must note that these experiments much amplified the harmful effects of the acid herbicides. In the?c Ky
the results are not so amplified but they are, however, real. e

i
Stone preservation is a very important issue and the need to use harmless biocides is obvioug,

neutralisation with potassium hydroxide sesms to be a good answer as far as the interference of herbieis
with limestone. Further studies are to take place both with other herbicides and other types of stone.
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Résumé

Le contrdle chimique de la végétation qui pousse sur les murs en calcaire doit étre fait soigneusement de
facon & prévenir la dégradation provoquée par les herbicides acides.

Dans ce but, on a suivi une nouvelle méthodologie de neutralisation des herbicides 4 l'aide de I'hydroxyde de
La neutralisation s'est avérée efficace puisque les plantes ravageuses ont €t€ anéanties et i'effet corrosif des
herbicides sur la pierre réduit.
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Table 1 : Characteristics of the herbicides tested.
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Herbicide Final concentration
(L/ha) {ml/] water)
| - Roundup therophytes 3 0.86
7 - Roundup hemicryptophvtes 65 1.86
3 - Roundup chamaeophvtes 8 2.50
4 - Roundup phanerophytes 12 3.40
6 - Ricochet- 10 4.00

Table 2 : Concentrations of herbicide adviced and final concentrations tested in laboratory.

™ Herbicida N. Sol. Conc. herb. Initial pH FinalpH | KOH (liq)/100
: for 100 ml ml herb,
H20

1 ROUNDUP 1 0.86ml 496 6.98 1.64 ml

T 2 1.86 ml 4.88 7.11 3.64ml

. 3 2.5ml 431 7.01 4.48 ml

- 4 3.4ml 4.775 7.073 6.30 ml
RICOCHET 5 4ml 4.588 7.125 2.78 ml

Table 3 : pH of the solutions tested before and after the neutralisation with KOH liquid.

Solution Characteristes mg Call
A ROUNDUP neutralised phanerophvt. 3.85
B ROUNDUP phanerophvies 5.40
C ROUNDUP neutralised therophvtes 4.04
D ROUNDUP therophvtes 7.26
E RICOCHET neutralised 8.76
F RICOCHET 829.70
G Control - ROUNDUP phanerophvytes 0.57
H Control - ROUNDUP therophvtes 0.63
) Control - RICOCHET 2.98
Table 4 : Concentration of calcium in the nine solutions tested.
Control Neutralised Not neutralised
OUNDUP therophv. -0.167 0.606 0.861
OUNDUP fanerophyt. -0.244 0.947 0.732
0.474 0.989 2.919
0.209 0.8476 1.5041
. 0.3945 0.2100 0.7034
ariance(s2) 0.1556 0.0441 1.5055

Table 5 : Calcium concentration, transformed data; means, standard deviations and variances.

DF mean X-Y t-value: Probability - p

2 0.8267 4.1992 >0.05

Table 6 : Student t-test for the changes in calcium concentration of the neutralised solutions.

299




mean X-Y

t-value

Probability - ,

2

1.4832

3.0838

> 0.05

Table 7 : Student t-test for the changes in calcium concentration of the not neutralised solutions < i

Y
Initial pH Final pH
ROUNDUP therophyt. 4.94 8.32
ROUNDUP phanerop. 4.64 8.27
RICOCHET 4.59 7.15
Mean 47233 7.9133
Std.Dv. {s) 0.1893 0.6615
Variance(s2) 0.0358 0.4376

Table 8 : pH changes for the not neutralised solutions; means, standard deviations and variances, :’

Mean X-Y

t-test

Probability - p ]

3.19

9.8712

<0.05

Table 9 : Student t-test for the pH changes of the not neutralised solutions.

Initial pH Final pH
ROUNDUP therophvt. 6.94 9.25
ROUNDUP phanerop. 6.83 8.17
RICOCHET N. 7.12 7.69
Mean 6.9633 837
Std.Dv. (s) 0.1464 0.799
Variance{s2) 00214 0.6384

Tabela 10 : pH changes for the neutralised solutions; means, standard deviations and variances.

DF

Mean X-Y

t-test

Probability - p

1.4067

2.7943

>0.05

Table 11 : Student t-test for the pH changes of the neutralised solutions.
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Figure 1 : pH changes suffered by the tested solutions.
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