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1. Introduction 

Weed interferences for resources such as water, 
nutrients and space are mentioned as direct caus-
es of yield loss in agricultural crops. Grain losses 
are variable depending on crop potential, the mag-
nitude of interference associated with weed density 
and identity, and the potential of the local environ-
ment in relation to available resources. 

Currently, the most widely used method to avoid 
these losses is chemical control, but herbicide use 
is actually at the crossroads of weed resistance. 
The sustained increase in cases of herbicide re-
sistance is a consequence of several factors, 
which could be summarized as weed management 
based exclusively on chemical control, high selec-
tion pressure due to the repeated use of herbicides 
with the same mode of action, and lack of rotation 
in production systems. In this context, the concept 
of integrated management has been revalued, 
because it is not possible to continue with agricul-
ture based only on the use of herbicides. Even so, 
the use of pre-emergent herbicides is considered a 

very important tool to reduce initial crop interfer-
ence as well as pressure towards the use of foliar 
herbicides. 

At present, pre-emergent herbicides are widely 
used, and this responds to the increase of weed 
populations that express resistance to foliar herbi-
cides. As an example, in our country, commercial 
importations of some of the pre-emergent herbi-
cides used on soybean have increased more than 
7 times in the last few years(1).  

The general characteristics of pre-emergent herbi-
cides are that they are absorbed through the soil 
solution by roots and/or hypocotyl or coleoptile, 
depending on the herbicide and the weed species. 
Herbicides behavior in soil is related to their physi-
cal-chemical characteristics as well as the interac-
tion with soil characteristics such as organic matter 
content, texture, type and quantity of clays and soil 
moisture conditions. 
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2. Benefits of the use of pre-emergent 
herbicides 

The main benefit of using these herbicides is to 
initiate the weed-free cultivation stage, free of inter-
ferences, because they control the first flushes of 
weeds, which are recognized as the most competi-
tive(2). 

On the other hand, many are the evidences that 
show that early weed control generates benefits for 
the crop, because of competition for resources. 
Even for high yielding crops, it has been proven 
that there is an additional restriction related to light 
quality(3-4). This is due to the ability of plants to 
detect the quality of light, the presence of neigh-
boring or nearby plants in the crop, and to deter-
mine changes in the wavelength received, associ-
ated with the far red/red ratio (R/RL). This percep-
tion generates morphological changes in plants, 
changes in the translocation of photosynthesis 
products, and photo-assimilates change in their 
translocation, being directed more to the aerial part 
than to the root part. These changes can generate 
unbalances with negative consequences in subse-
quent stages of the crop, such as tolerance to wa-
ter stress conditions, and decreases in the capacity 
to absorb nutrients and water(5-6). This process is 
called initialism(6-7), indicating the occurrence of the 
plant-plant interaction process. This includes not 
only light quality, but various signaling events in 
response to that sensing(7-8). Although not all spe-
cies or genotypes make such changes in respons-
es to light quality(7). 

In parallel, the use of pre-emergent herbicides in 
addition to the initiation of the crop cycle without 
competing weeds, in those cases of high weed 
infestations, allows a larger window period for the 
use of foliar herbicides. It is known that weed sus-
ceptibility is associated with plants of lesser devel-
opment, therefore, effectiveness is conditioned by 
the state of the weed at the time of application. 
Additionally, in the case of summer weeds, they 
present higher growth rates, associated with higher 
photosynthesis rates and more effective use of 
resources(9). 

Although it is not a benefit, another aspect that can 
be taken as a facility is that there are no require-
ments for its application. This implies that their 
effectiveness does not depend on the technologies 
used for their application and they can be applied 
with those technologies that present the lowest risk 
of losses to the environment. An example of this 
would be that it is not necessary to achieve large 
spray coverages, they can be applied with low 

application rates, and with coarse and very coarse 
droplet sizes. The results of greater reach to the 
soil of the solution applied with fine droplets, alt-
hough it can be associated to the technology itself, 
respond more to the lack of rainfall than to the 
technology used(10). Pre-emergent herbicides in 
our conditions did not show greater effectiveness 
at 20 days post-application in sorghum crop, by 
use of fine and/or extremely coarse drops, and 
neither by application volumes of 74 or 153 L.ha-1(11). 

 

3. Restrictions on the use of pre-emergent 
herbicides 

The main restriction for the activity of pre-emergent 
herbicides is the need for soil moisture(12) to re-
main in the soil solution from where they are ab-
sorbed by weeds in the germination process. Alt-
hough the development recommendations of most 
products mention the need of 10 mm of rainfall for 
these to be activated, for some herbicides the 
amount of rainfall needed for good control can be 
higher. This is reported for the control of Euphorbia 
heterophylla with flumioxazin(13).  

On the other hand, the presence of straw on the 
surface, in zero tillage systems or herbicides used 
in second crops or after service crops that are 
dried out no more than 40-60 days in advance, 
ensures that they are applied on plant material 
remains. This material may be just beginning to dry 
out, but there may be desiccated remains from 
previous periods that are in an advanced period of 
decomposition. These situations make the activity 
of pre-emergent herbicides even more complex, 
because they have the capacity to be retained in 
this straw. The level of retention is associated with 
the species that make up the straw and the degra-
dation time(14). Straw modifies the soil environment 
also in the temperature generated, which in turn 
will generate changes in the degradation rates of 
the straw and, therefore, interacts with the ar-
rangement of the straw on the ground(15).  

The presence of straw, even when it can inactivate 
the pre-emergent, presents benefits in weed sup-
pression(16-17). In Amaranthus spp. a delay in 
emergence was observed due to the presence of 
3000 kg.ha-1 of straw(18-19). Even though this effect 
was only initial, the benefit implies a larger window 
for the application of foliar herbicides and also 
generates a complementary effect of straw with the 
use of pre-emergent herbicides. 

The inactivation caused by the straw determines 
that the occurrence of rain after the application is 
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crucial for it to be leachate from the straw and 
reach the soil solution, before its degradation by 
light, chemical or microbial. This implies that the 
time of occurrence of rain since the application is 
transcendental. The inactivation generated by the 
straw, therefore, is associated with the quantity, 
type, arrangement, distribution of the straw, the 
degradation processes to which it is subject, the 
amount of rainfall and time of occurrence, and the 
type of herbicide.  

The research carried out by the Malherbology team 
of the School of Agronomy has focused on the 
study of the effectiveness of the herbicides s-
metolachlor, sulfentrazone, flumioxazin, metribuzin 
and pyroxasulfone, varying the amount and the 
type of straw, and variables of amount and mo-
ment of rain simulation, on the emergence of Ama-
ranthus spp. as one of the summer weeds of 
greatest interest at present. 

In relation to the interception of s-metolachlor herb-
icide by the straw, there were no differences for 
2500 or 5000 kg.ha-1 of dried straw. Subsequent 
rains that enabled the transfer of the herbicide from 
the straw showed interaction with the time of oc-
currence of these rains. Parallel studies of herbi-
cide effectiveness in the control of Amaranthus 
spp. indicated that rainfall on day 14 post-
application resulted in 3 times more emergence 
than when it occurred on the following day or 7 
days post-application.  

On the contrary, the herbicide sulfentrazone was 
not inactivated by the straw, regardless of the 
amounts (3000 vs. 6000 kg.ha-1), as evidenced by 
the emergence of Amaranthus spp. whenever the 
label dose was used(19), and neither did it show 
differences in the control of the mentioned weed 
for subsequent rains of 20 or 80 mm(20). 

With respect to flumioxazin, the results indicated 
interaction with straw, determining lower controls of 
Amaranthus spp. This was evident from early 
stages and for 6000 kg of straw.ha-1(18). Differ-
ences were found in the magnitude of the flumiox-
azin-straw interaction(20), perhaps in response not 
to the amount of straw, but to the type related to its 
degradation. Although the amount of lignin in the 
straw used was not quantified, it is known that 
interception is linked to this component(21). 

Regarding metribuzin herbicide, it was not retained 
by the straw, regardless of the type, in the control 
of Amaranthus spp. In the same weed, pyroxasul-
fone did not present differences in control due to 
the presence of straw; the control was excellent 

with 6000 kg.ha-1 of oat stubble and even when the 
simulated rain was 14 days after the application. 
These results were contradictory to those obtained 
with 4000 kg.ha-1 of straw, where herbicide reten-
tion resulted in less control of ryegrass(22). 

Even when generalizations or classifications of 
herbicide inactivation by straw are intended, de-
pending on the type of products and their solubility 
properties or kow (ratio between the concentration 
in the lipid and aqueous phase), our results indi-
cate that it depends on each product, because the 
interactions are varied. 

 

4. Final considerations 

In the current agricultural weed situation, we can-
not dispense with the use of pre-emergents, de-
spite the restrictions on their effectiveness. The 
interactions are varied and complex, and, there-
fore, more knowledge on the effects for each herb-
icide and for the weeds of interest is transcenden-
tal to predict their behavior.  

Although water deficit conditions restrict the effec-
tiveness of pre-emergents and are aggravated by 
the presence of straw and in summer crops, we 
believe that it is vital to consider that these condi-
tions also affect the effectiveness of foliar herbi-
cides. Water stress conditions generate changes in 
weed cuticles, hindering the retention and absorp-
tion of foliar herbicides(23). Therefore, in such con-
ditions, pre-emergents are even more necessary, 
because they allow a larger application window 
period. 

Beyond that and in all cases, it is essential to 
deepen the implementation of integrated manage-
ment practices. Isolated measures or basing man-
agement on chemical control will not allow an eco-
nomically and environmentally sustainable agricul-
ture, because resistance problems will gradually 
worsen. In this regard, in agricultural areas of Uru-
guay, populations of ryegrass with resistance to 
four herbicides have been found(24). Integrated 
management is essential for rational management 
and for the sustainability of production systems. 
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