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SUMMARY

In 2006 two weed trials with Danfugesand® were executed at the Danish Institute of Agricultural Sci-
ences at Flakkebjerg. Danfugesand® is a patent-pending sand product for joints between pavings of con-
crete, bricks or natural stones. The product is a natural product based on quartz sand to which sodium
silicate has been added.

The trials showed that seed-propagated weeds such as annual meadow-grass, groundsel and dandelion
did not grow in Danfugesand. Some seeds did germinate, but the sprouts drooped after a few weeks, and
during the 11-month trial period we found no surviving weeds in joints with Danfugesand. However, it
should be noted that the trials only examine the effect of Danfugesand under controlled conditions. In
practice, the paving and joints will often be polluted with soil or organic material, which favours weed
growth, and the importance of these factors was not studied in the trials.

MATERIALS AND METHODS

In 2006 two weed trials with Danfugesand® were executed at the Danish Institute of Agricultural Sci-
ences at Flakkebjerg. Danfugesand® is a patent-pending sand product for joints between pavings of con-
crete, bricks or natural stones. The product is a natural product based on quartz sand to which sodium
silicate has been added.

Below, the product will be referred to as Danfugesand. In the trials the marketed product Danfugesand
was tested against a similar type of joint sand, that is quartz sand, but without sodium silicate. Both a
major trial on pavings of concrete and setts and a pot trial with different concentrations of Danfugesand
were executed. Below, they will be referred to as the paving trial” and “the pot trial” respectively.
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Figure 1. The trials were executed at Reseach Centre Flakkebjerg, DK-4200 Slagelse.
UTM coordinates N-6134 E-651

Trials 860-861/06 Peter.Hartvig@agrsci.dk 4
Weed germination and growth in Danfugesand® Research Centre Flakkebjerg Tel: +4589 99 35 00
DK-4200 Slagelse Fax: +45 89 99 36 01




Ministry of Food, Agriculture and Fisheries

Danish Institute of Agricultural Sciences
Department of Integrated Pest Management @
Confidential report

The paving trial was executed on specially built wooden pallets of approx 1 m?. The pallets had sides,
and a paving of concrete stones (parquet stones) and natural stones (setts) was established on top of lay-
ers of sub base and bedding sand. The construction of the pallets and the establishment of the paving
were executed at RC Betonvarer, and to ensure that standards and methods for establishing pavings were
those used in practice this part of the work was done by a professional paver. The filling of the joints was
executed according to the trial design below (Table 1) under supervision by the Danish Institute of Agri-
cultural Sciences. For both types of pavings we used joint sand of the type ”All round sand”. Subse-
quently, joints and paving were compacted with a vibrating plate compactor.

Table 1. Trial design for trials with joint sand in concrete and natural stone pavings
(the paving trial, 860/06).
Factor 1. All round joint sand Factor 2. Paving
1. Standard joint sand (0% Danfugesand) 1. Concrete stones (parquet)
2. 100% Danfugesand 2. Natural stones (setts)
3. 50% Danfugesand + 50% standard joint sand

1.) Standard joint sand = joint sand similar to Danfuge sand, but without sodium silicate

After being transported to Research Centre Flakkebjerg the 24 pallets (there were 4 repetitions of each
treatment) were placed outdoors in a roofed trial aviary. To test the effect of Danfugesand on weeds we
placed 100 seeds of annual meadow-grass, groundsel, dandelion and creeping thistle in the joints every 5
weeks during the period from April to August 2006 according to the design below (Table 2). These species
are among the most common weed species on pavings. Certain species such as plantain and knotgrass are
also very common, but it is difficult to make the seeds germinate. The species were sown manually in a
mixture but at each sowing in new joints so that germination and growth for the individual times of sowing
could be recorded separately. Between the setts, where the joints were approx 10 mm wide, approx 1 metre
of joint was sown at a time, while approx 1.5 metres of joint was sown in the 3-4 mm wide joints between
the concrete stones. At the first sowing in December the seeds were covered with a thin layer of sand but
not so at the sowings in April, May and June. The sowings in July and August were again covered with a
thin layer of sand. Over each pallet we placed a finely meshed net, which served to protect the pavings
against naturally incoming weed seeds and reduced the negative influence of drops of water at watering.
The reason for this is that if sown near the surface there is a considerable risk that the seeds will be washed
away from the joint by water, and this is the reason why the trial was executed in a roofed aviary, in which
we could control the water supply.

Table 2. Design for placing weed seeds in joints with joint sand between concrete and natural stone pavings
(the paving trial, 860/06).
Annual meadow- | Groundsel Dandelion Creeping thistle
grass
1. Week 49 (December 2005) . .
2. Week 14 (April 2006) . .
3. Week 19 (May 2006) . . .
4. Week 24 (June 2006) . . .
5. Week 29 (July 2006) . . . .
6. Week 34 (August 2006) ° ° . .
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For watering rainwater was collected from the plastic roof of the aviary, and watering was executed at
low intensity by means of micro sprinklers. We observed that already at watering with 2 mm there was a
risk that the seeds in the joints between the concrete stones could be washed away, and we therefore gave
a maximum of 1 mm of water at each watering. Three watering programmes were worked out, one for
each of the periods of April-May, June-July and August-November, respectively (see the appendix). In
each watering programme, we have on one hand tried to consider the needs of the sown seeds for germi-
nation and on the other hand tried to consider the wish to supply the joints with less water than under
practical conditions. The background for this wish was that we assume that the major part of precipitation
on pavings runs off and that only a minor part penetrates the joints. By watering at a low intensity, a lar-
ger part is assumed to penetrate the joint, and it therefore becomes moister than under natural conditions.
There is no documentation for this hypothesis, but it seems probable that only a minor part of the water
will penetrate the joint under natural conditions where the precipitation often falls with a higher intensity
and only rarely with just 1 mm at a time.

The watering programmes followed the 5-week cycle of the sowing and were designed in the way that for
7 days after sowing watering took place 3 times a day with 1 mm to ensure that the seeds germinated.
Then followed 3 periods of 5-12 days without watering interrupted by 2 times 2 days of watering. The
number of precipitation days was roughly similar to practice, whereas the amount of precipitation was
reduced by approx 50% compared with normal precipitation. The watering programmes were thus aimed
at imitating practical conditions with periodical precipitation and dry spells but still taking the require-
ments of the trial into consideration.

Figure 1. The paving trial 860/06. Seeds of common weed species were placed manually in the joints every 5
weeks (left photo). At the sowings in December, July and August the seeds were covered with a thin
layer of sand corresponding to the type in the joints in question.
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In the pot trial different concentrations of Danfugesand were tested in two types: All round sand and Her-
regardssand. The latter has a particle size of 0-1 mm, whereas All round sand varies from 0 to 3.5 mm.
Apart from that the two products are identical. Pit sand was used as reference treatment, while a sphag-
num — soil mixture was used as reference for germination ability. The trial was executed in 1-litre plastic
pots. The joint sand was weighed out according to the trial design (Table 3) and mixed in a mixing ma-
chine. For dilution of Danfugesand we used the same kind of quartz sand but without addition of sodium
silicate. After mixing, the joint sand was weighed out for each pot, and these were subsequently com-
pacted on a vibration table. Annual meadow-grass and dandelion were used as test weeds, and 25 seeds
were sown in each pot.

Table 3. Trial design of the pot trial (861/06).

Type of joint sand Concentration of Test plant
Danfugesand®
0. Pit sand (control) Annual meadow-grass
1. All round sand 0 Dandelion
2. Herregardssand 20%
3. 40%
4. 60%
5. 80%
6. 100%

Weed germination and growth were recorded in the paving trial by counting each species at intervals of
3-12 weeks after sowing and in the pot trial by counting 8 weeks after sowing. Analyses of variance were
performed with PROC GLM on PC-SAS where mean values of germination percentage were calculated.
Where we found significance, LSD95 was calculated. Homogeneity of variance was studied graphically,
and we found no reason to transform or reject data.
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Figure 2. The paving trial (860/06) was executed in concrete or natural stone pavings placed on customised
wooden pallets. To avoid blown in weed seeds the pallets were covered with a finely meshed net.
The pallets were placed in a roofed aviary where rainwater was collected in containers and then used
for watering with micro sprinklers according to fixed watering programmes.
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RESULTS

Below are excerpts of the main results. The complete data material can be found in the appendix.

Generally, the germination and the plant establishment in the paving trial was better in the broad joints be-
tween the natural stones than in the narrow joints between the concrete stones. This is probably due to bet-
ter conditions for germination in the larger volumes of sand, but more compact joints between the concrete
stones may also be important (at sowing we observed that the joints between the concrete stones were very
hard). Annual meadow-grass and dandelion generally had the best germination percentage with approx 55
and 45% respectively between the natural stones whereas groundsel had an average germination of 35%.
Creeping thistle germinated very poorly and was not included in the calculation.

In the paving trial, sowings were performed in December, April, May, June, July and August. For each sow-
ing, we made 1-3 countings of each weed species at intervals of 3-12 weeks after germination.

As regards the December sowing, we also made a counting 45 weeks after sowing. Figures 4 and 6, which
show the countings of annual meadow-grass and dandelion 3-8 weeks after sowing in August, show the
typical progress of weed growth in Danfugesand. At this time of sowing there was an equally good germina-
tion in both types of paving.
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Figure 4. Paving trial 860/06: Number of plants of annual meadow-grass 3-8 weeks after sowing in joints
between concrete stones (left) and setts (right) with 0, 50 or 100% Danfugesand.

At counting approx 3 weeks after sowing, a good deal of annual meadow-grass had germinated, and Dan-
fugesand had not yet had an effect on this species between the concrete stones. However, groundsel (ap-
pendix) had been reduced by approx 85% and dandelion by approx 75%. Between the setts, annual
meadow-grass had been reduced by approx 60%, while there was already close to 100% effect on
groundsel and dandelion. Where 50% Danfugesand had been used, there was still no effect on annual
meadow-grass 3 weeks after sowing, but the effect on groundsel and dandelion was 70 and 60% respec-
tively. At the counting approx 5 weeks after sowing, almost all weeds were dead where pure Danfuge-
sand had been used, whereas there was 70-100% effect at 50% Danfugesand irrespective of the type of
paving. At the last recording 8 weeks after sowing the last surviving weeds had also died.
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Figure 5. Paving trial 860/06: Where 50% Danfugesand had been used the weeds often managed to germinate
but were dead after a few weeks (photo on the right).

At the control treatment without Danfugesand, that is quartz sand without sodium silicate, the number of
annual meadow-grass was often increasing with time (more germinated), whereas the number of both
groundsel and dandelion was reduced. We suppose that annual meadow-grass is more robust than the
dicotyledonous species and therefore thrives better in a poor growth medium lacking in nutrients such as
quartz sand. With time there were clear symptoms of a lack of nutrients, especially the dicotyledonous
species suffered, and all weed plants remained rather small.
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Figure 6. Paving trial 860/06: Number of plants of dandelion 3-8 weeks after sowing in August 2006 in joints
between concrete stones (left) and setts (right) with 0, 50 or 100% Danfugesand.
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The pot trial was established in July but a stoppage in watering meant that the trial had to be repeated and
a new trial was therefore established on 6 September. Two months later, the trial was assessed by count-
ing the number of plants in each pot. However, it has been difficult to make conclusions based on the
results. Thus there was no germination at all in the pots with Herregardssand. In the pots with All round
sand there was full effect, that is there were no weeds, even at 20% mixture (see diagram in the appen-
dix). However, a subsequent germination test of sand without sodium silicate showed full germination,
and we therefore suppose that a short drying-out of the top layer in the pots may have caused the lack of
germination. However, the pots had been irrigated after sowing and were placed on a watering table, but
the capillary effect in the sand was apparently not sufficient to ensure germination. We also measured an
unexpectedly high pH in the sand. As a consequence of this uncertainty concerning the germination con-
ditions a new pot trial will be established in the spring of 2007.

Figure 7. Paving trial 860/06: Annual meadow-grass and groundsel generally germinated well in the joints
between the natural stones, but nothing germinated where 100% Danfugesand was used.

Generally, the project results supported the hypothesis of the weed inhibitory effect of Danfugesand. In
the paving trial there was a clear difference in effect between 0, 50 and 100% Danfugesand, and there
was generally good agreement between the results from the individual times of sowing. The time of re-
cording the effect was important, as the weeds sometimes germinated before the effect took place, but
later recordings all showed that there were no surviving weeds after a couple of months where 100%
Danfugesand had been used.
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CONCLUSION

The paving trial showed that quartz sand with addition of sodium silicate (Danfugesand) has a major ef-
fect on both germination and growth on the weed species common on pavings annual meadow-grass,
groundsel and dandelion.

Seed germination did occur, especially where only 50% Danfugesand was used, but after a few weeks the
sprouts drooped, and after sowing weeds at 6 differents times, no surviving weeds were found in joints
with Danfugesand during the 11-month trial period.

The slower effect of 50% Danfugesand and the indication of dose-response confirm that sodium silicate
is the active ingredient in Danfugesand. However, the generally weak and poor growth in the control

plots with quartz sand alone and the results from the pot trial indicate that also quartz sand in itself pos-
sesses an inhibitory effect on the germination and growth of weeds compared with for example pit sand.

Finally, it should be noted that the trials only examine the effect of Danfugesand under controlled condi-
tions. In practice, paving and joints will often be polluted with soil or organic material, which favours
weed growth, and the importance of these factors was not studied in the trials.
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