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Abstract 
 
The behaviour of the surface and subsurface drainage systems and the efficient removal of excess water are highly 
dependent on both the manner in which the prepared surfaces are used, and their use class. This paper tackles the 
behaviour of the drainage network after 28 years of use on pastures. Our research has revealed more significant bank 
erosion and ditch clogging than in the ditches found on arable land. Sheep grazing caused double bank erosion and 
alluvial sediments layers, whereas cattle grazing was three to four times more detrimental to the ditches than works 
carried out on arable land. When grazing sheep, bank erosion and bottom clogging generally range between 0.60 and 
1.00 m. On surfaces where cattle graze, bank erosion is as high as 1.20-2.00 m and alluvial sediment layer thickness is 
1.20-1.40 m. The preservation of the design parameters of the ditches may be achieved by rational grazing and special 
crossing facilities for the animals crossing the ditches. 
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INTRODUCTION  
 
The improper maintenance of drainage 
networks, environmental concerns, land use 
changes and adjustment to climate change 
(Chakrabortya et al., 2000; Wittmer et al., 
2010) have created an increasing need for 
better agricultural drainage. 
Pastures are a major biosphere resource, which 
keeps alive about one billion people worldwide.  
Human intervention in natural pasture 
ecosystems has progressively increased with 
the development of agriculture and production 
means (Greenwood et al., 2001). 
In Romania, pastures make up about 33% of 
the country’s farmland (2017 Romanian 
Statistical Yearbook). They are the basis of a 
strong ruminant livestock sector and are an 
essential component of sustainable farming 
systems, which meet the demand for healthy 
and high quality food. 
The income of a cattle producer is largely 
dependent on the quality and quantity of 
pastures. In areas with heavy rainfall and 
excess moisture, cows may destroy the soil 
structure of pastures. The wetter soil gets, the 
stronger its compaction and sinking. 

Fodder quantity and quality are greatly 
influenced by soil nutrients (Schnyder et al., 
2010), amount of rainfall and its distribution. 
Anaerobic conditions in wet soils lead to the 
production of toxic gases, such as hydrogen 
sulfide and carbon dioxide, which drastically 
affect root growth (Van Der Woude et al., 
1994).  
The roots of the fodder plants on pastures, 
which act as a binder in the presence of organic 
matter, stop the destruction of the granular 
structure of the soils and in most cases lead to 
their improvement (Simtea et al., 1990; 
Mocanu et al., 2013; Maruşca et al., 2013). 
 
MATERIALS AND METHODS 
 
The analyzed surface is part of the Rotopăneşti-
Rădăşeni-Fîntîna Mare surface and subsurface 
drainage system located on the left side of the 
Moldova River watershed (Figure 1).  
The Moldova River watershed lies between the 
meridians 25008'37″-26058'35″ east longitude 
and the parallels 46055'37″ - 47043'38″ north 
latitude.   
The studied area is crossed by the 8.20C 
isotherm and 625.6 mm isohyet, rainfall is 
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unevenly distributed on months and seasons, 
and it may fall heavily for 24 hours or on 1-5 
consecutive days. 
Given the humid climate in the Rădăşeni-
Fîntîna Mare-Baia depression, with a reduced 
consumption by evapotranspiration, heavy 
rainfall during 1-5 consecutive days is the main 

source of excess moisture of hardly permeable 
soils (Radu et al., 2017). 
The system was built between 1978 and 1980, 
drainage works were carried out on an area of 
5527 ha, of which 1806 ha were prepared by 
underground drainage works, and it includes 
the flood plain and terraces of the Moldova 
River. 

 

 
Figure 1. Location of the Rotopăneşti-Rădăşeni-Fîntîna Mare System 

 
The preparation works materialized in a 
systematic network of drainage and discharge 
ditches. The drainage ditches were designed 
with a trapezoid cross section and a 1.25 slope 
coefficient. The Şomuzel and Şomuzul Băii 
brooks, the main collectors and dischargers, 
were regulated, with slope inclinations of 1:1.5 
and 1:2.0, respectively. 
The sizing of higher rank ditches was done by 
telescopic means, considering the slope and 
outflow of the component sections. The ditch 
outflows were determined depending on the 
drained surface and on the specific drainage 
flow, which was set at 2.17 l/s/ha for the 
drainage network and 9.40 l/s/ha for the belt 
canals. The improvement of the aerohydric 
conditions and the lowering of the groundwater 
level, as a result of the performance of 
drainage-drying works on the land affected by 
excess moisture, allowed farmland to be 
cultivated more intensively and to change its 

use. Thus, in the studied area, as a result of the 
development of the Rotopăneşti-Rădăşeni-
Fîntîna Mare surface and subsurface drainage 
system, the arable area increased by 1709 ha. 
This arable land increase was due to the 
inclusion in the crop of large areas that had 
previously been used as meadows (1170 ha) 
and pastures (559 ha). Starting with 1992, 
following the application of the Land Fund 
Law no. 18/1991, 559 ha resumed its previous 
use, that of pasture.In orderto determine the 
changes of the geometric and hydraulic 
parameters of the ditch network after a 40-year 
operation, topographic measurements were 
carried out with a ROVER STONEX S7-G 
GPS.  
The collected data were processed in Auto-
CAD Map 3D 2014.The cartographic data were 
collected and processed with TNTmips v.6.9 
and QGIS software. An important step in 
spatial modelling was the development of the 

 
Digital Land Model (DLM) by vectoring the 
contours and elevations on topographic maps at 
a 1:25 000 scale. 
 
RESULTS AND DISCUSSIONS 
 
The topographic measurements and the 
analysis of the drainage ditches that serve 
pastures, both for sheep and cattle, revealed 

significant bank erosion and ditch bottom 
clogging. 
The cross section of the main collecting ditch, 
which crosses the pasture, revealed that the 
depth decreased from 2.00 m to 1.40 m (Figure 
2). This ditch clogging is due to bank erosion, 
as the ditch opening increased by 1.30 m 
compared to its original opening. 

 
 

Figure 2. Cross section of the main collecting ditch 
 

The geometric parameters of the ditch changed 
primarily after the land had been turned into 
pasture, in application of the Land Fund Law 
no. 18/1991. When its use class was changed, 
no special animal crossing facilities were built 
and the animals are free to cross the ditch 
wherever they want. Repeated ditch crossing in 
the same spot has led, over the years, to the 

occurrence of countless paths that have 
substantially altered the ditch section. All these, 
as well as grazing along the ditch both during 
excess humidity periods and during droughty 
periods have led to the clogging of the 
discharge holes of the drains and their taking 
out of use (Figure 3). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Effects of repeated animal crossing of the ditches 

Whereas the layer of alluvial sediments in the 
main collecting ditch, with permanent flow, is 
about 0.60 m thick, in the belt canals, which 
collect the water flowing from the higher 

neighbouring areas, the clogging of their 
bottom is much more visible. 
The cross section of the belt canal draining a 
sheep pasture (Figure 4), revealed a 0.80 m 
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increase of the canal opening and canal depth 
diminution from 1.40 m, initially, to about    
0.60 m. This clogging may be blamed on bank 
erosion and soil particles brought about by the 

water flowing on the land during heavy rainfall. 
The slope, at the foot of which the belt canal 
was dug, is not grazed in a rational manner and 
about 20-30% of the plant cover is destroyed. 

 

 
Figure 4. Cross section of the belt canal on a sheep pasture 

 
The measurements performed on the same belt 
canal, 1500 m downstream of the first section, 
on a portion where grazing is done only on the 
left side, as the opposite bank is occupied by a 
forest, show a natural change of the slope 

coefficient after 40 years of operation (Figure 
5). The slope has a healthy green cover and the 
about 0.40 m-thick alluvial layer is due to 
sediments carried from upstream during heavy 
rainfall periods. 

 

 
 

Figure 5. Cross section of the belt canal surrounding the pasture 

Bank erosion and bottom clogging are much 
more significant in the ditches crossing cattle 
pastures, and they are due both to grazing and 
to the animals repeatedly crossing the ditches at 
different places.  

According to the data in Figure 6, the ditch 
opening increased by 1.50 m, namely from 5.10 
m initially to 6.60 m after 40 years of 
operation, of which 30 years as pasture. At the 
same time, the ditch depth decreased by 1.20 
m, namely from 1.80 m to 0.60 m. 

 

 

 
Figure 6. Cross section of the belt canal dug on a cattle pasture 

 
The improvement of excess water removal and 
the growth and development of a high quality 
vegetation cover may be achieved by 
unclogging the discharge holes of plastic and 
collecting drains. The unclogging and 
restoration of the cross section of belt canals is 
required in order to allow the collected water to 
flow and to prevent the overflow of water on 
the pasture. It is also recommended to organize 
the land and implement a pasture arrangement 
taking into account the existence of the 
drainage network. 
 
CONCLUSIONS  
 
After 40 years of operation, the cross section of 
the drainage ditches on pastures is greatly 
altered due to bank erosion and bottom 
clogging. 
The changes of the geometric and hydraulic 
components of the ditches greatly depend on 
the animal species grazing on that land. On 
land where sheep graze, the ditch opening 
generally increased by 0.80 m and the alluvial 
layer is about 0.80 m thick. These changes are 
far greater on cattle grazing land, as the ditch 
opening increased by about 1.80 m and the 
ditch depth decrease by 1.20 m on the average, 
due to clogging. 

Ditch clogging caused the discharged holes of 
the plastic and collecting drains to become 
plugged and to be taken out of use, which led to 
the increase of excessive moisture. 
The high belt canal clogging degree hinder 
collected water flow during heavy rainfall 
periods and lead to water outflow and flooding 
of the drained-dried surface. 
The sustainable management of pastures 
located on drained-dried surfaces requires 
rational grazing and special crossing facilities 
for the animals crossing the ditches. 
On the studied surface, it is necessary to unclog 
the drainage network, to unclog and restore the 
discharge holes of the plastic and collecting 
drains, and to restore the section of the belt 
canals designed to protect the drained-dried 
surface. 
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Abstract 
 
Climate change is a terminology used during the last decades, referring to the changes in climate experienced in most 
areas of the world. The changes in climate are experienced mainly as extreme weather conditions, heavy and sudden 
rainfall, ice melting, extreme high temperatures during the summer months accompanied by long dry periods, in areas 
never before experiencing such weather conditions. The most evident though example is the increase of earth’s mean 
temperature, referred as global warming. Apart from the direct effects in humanity’s day life and way of living, every 
living organism is experiencing right now the effects of climate change. Plants are among the organisms most affected 
by adverse weather conditions, as they do not have the mechanism of easy escape from the stress, i.e. cannot immigrate. 
The effects on plant growth and productivity as well as on plant diversity are expected to be severe and important. The 
present review aims on presenting the effects on the main physiological functions of the plants along with ways to 
mitigate these adverse effects. 
 
Key words: drought, frost, heat stress, phytoprotectants, salinity. 
 
INTRODUCTION 
 
According to NASA “climate change is a long-
term change in the average weather patterns 
that have come to define Earth’s local, regional 
and global climates”. Plants are among the 
living organisms severely affected by climate 
change and weather conditions, as they are 
often encounter unfavorable growth conditions. 
These harsh conditions, which may be a direct 
or indirect effect of climate change, impose 
severe imbalances in the physiological 
functions of the plants and are characterized as 
abiotic stresses.  
Abiotic stress is generally defined as the 
negative impact of non-living ecological and/or 
environmental factors on the living organisms, 
under specific environmental conditions and it 
includes various stresses such as temperature 
stress, radiation stress, osmotic stress etc. 
(Khalid et al., 2019). Almost 90% of the 
cultivated land worldwide experiences one or 
more abiotic stresses, among which the most 
common, as well as the most severe ones, are 
drought, salinity and extreme temperatures. 
Plants grown under abiotic stress experience 
various physiological malfunctions, which may 
be visible as growth retardation, yield losses or 
even plant death (Bucur & Dejeu, 2016). Plants 

can face several abiotic stress factors, either 
momentarily or long lasting, either one every 
time or many stress factors simultaneously. 
Among the abiotic stresses the plants face is 
drought (water stress, water deprivation), 
extreme temperatures (either low or high ones), 
high light intensity, flooding or waterlogging, 
ion toxicity (mainly sodium and chloride 
toxicity as well as boron, manganese, heavy 
metals, or even high carbonate ions imposing 
nutrient imbalances) etc. (Khalid et al., 2019). 
An example of the effects of climate change in 
only a small part of the world is the case of 
European continent. It is expected that the 
north-eastern part of Europe will have to face 
increased sea and lake levels as well as 
increased incidences of storms and floods. At 
the same time increased temperature during the 
summer months, which will become drier, will 
extend the growing period and crop potential as 
well as it will increase pest infestation pressure. 
On the other hand, the southern part of Europe 
is already facing increased temperature 
(experienced as mild winters and hot and dry 
summers), low annual rainfalls and 
consequently low water availability and 
increased drought risk and heat stress. All these 
environmental changes will result in decreased 
crop yields and severe problems in finding 


