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Abstract       Soil management is a very important and expensive technological 
sequence, with major impact on the grapes quality and production, as well as on 
the soil and the environment. The research focused on different soil 
management systems both conventional and some accepted by the organic 
viticulture, during several growing seasons with large climate variability. The 
influence of the vineyard management could be evaluated in favourable, normal, 
and during heavy rains growing seasons. The experimental plots were: bare soil 
(C), tillage +herbicides, organic and mowing, respectively. Experimental plots for 
soil management inter rows and under-vines were very diverse, from herbicides, 
to mowing, and combination between tillage and herbicides, or tillage and 
mowing. The highest grape yield was registered in the plot with bare soil inter-
rows and under-vines, regardless climate variability during growing seasons. 
However, the organic plots with combination between perennial cover crops and 
less tillage-management, registered the higher profitability and lower production 
costs. Soil management systems have to preserve the soil physical properties, 
to mitigate carbon emissions and pollution due to the fossil fuel burning for soil 
tillage. There is no universal valid "standard recipe" for soil management, 
therefore must be done according to each soil physical and chemical properties, 
climate from the vineyard  area and during growing season and not least 
according to the local topography.   
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Different soil and climate conditions from the 

grapevine growing area, many varieties with different 
biological particularities, traditions, customs, practical 
skills and last but not least, financial possibilities, 
doesn’t allow the development of uniform technology 
for grapevine growing [9; 7]. For these reasons, 
technologies applied are different, and must be 
balanced and adjusted correlated to: cultivated variety, 
climate, and soil from each vineyard [2; 6]. Soil 
management in sustainable viticulture must be limited 
as much as possible and optimum performed, with   
appropriate machines and equipment for mitigate the 
carbon emission and to decrease the impact on soil 
physical properties and microorganisms [5; 11; 13]. 

Research conducted in countries with high-
performance viticulture has shown that the bare soil 
must be replaced with alternative soil management, 
because for bare soil is necessary a lot of energy, which 
influence the cost of grape production, but especially 
increase the carbon emission which enhance the global 
warming [8; 12; 14]. The aim of the paper was to 
evaluate the influence of different soil management 
systems on grape produ ction and quality in five wine 
grape varieties. 

Material and Method 
 

The research was carried out during 2016-
2018 growing seasons, in a vineyard from the Recas 
wine center. The vineyard was established from 2005 
until 2009, and is currently in full maturity. The 
planting distance is 2.2m between vine rows, and 1m 
between vines on row, with a final density of 4545 
vines / hectare. The research is focused on five 
varieties, two varieties for superior white wines, 
Riesling Italian and Chardonnay respectively, and three 
varieties for superior red wines, Cabernet Sauvignon, 
Feteasca Neagra and Pinot Noir. The experimental 
plots were designed to investigate soil maintenance 
like: bare soil (C), soil tillage + herbicides, herbicides, 
organic and mowing, which are most frequently 
operations on soil in the vineyard. The grape yield was 
determined after the grapes harvest for each vine. The 
grape yield was multiply with the vines from one 
hectare, after numbering the missing vine plants on 
each row. The must acidity and sugars were measured 
by tritrimetric and refractometric methods. Data for 
each parameter were obtained from each replication of 
the experimental plots and subjected to the analysis of 
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variance (ANOVA) to evaluate the influence of soil 
management on grape berry quality. 
 
Results and Discussions 

 
The soil management in organic viticulture 

has certain restrictions imposed by the necessity to 
mitigate pollution, carbon emissions, and to keep in 
competitive parameters the physical and 
microbiological properties of the soil. These 
requirements makes difficult the organic soil 
maintenance to compete with the classic bare soil, 
which almost completely eliminates competition for 
water and nutrition resources between the vine and the 

other organisms and microorganisms that are present in 
the vineyard biocenosis [1; 15]. 

For these reasons, a careful soil management 
is required, so that, on the one hand to limit the harmful 
effect on soil properties and environmental pollution, 
and on the other hand, to create the best possible 
growing conditions and development for the vine. The 
influence of these soil management systems is much 
more obvious on the quantitative parameters of the 
grape production, and less obvious on berry quality. In 
the Petrovaselo vineyard, the organic soil management 
had the closest efficiency to the bare soil system, while 
in the herbicides and especially the mowed plots were 
registered the lowest grape yield and quality. 

Table 1 
The influence of the soil maintenance system on the production and quality of grapes in 2016 

Variety Experimental plot 
Grape production 

(kg/ha) 
Acidity 

(g/l H2SO4) 
Sugars 

(g/l) 
Sugars 
(kg/ha) 

Difference to  
the control 

Significance 

 
Italian Riesling 

 

Bare soil (Control) 10476 6.5 187 1371.31  - 
Herbicides 9781 6.9 183 1252.95 -118.36 0 

Tillage + herbicides 10205 6.6 187 1335.83 -35.47 - 
Mowing 9517 7.2 181 1205.80 -165.50 00 
Organic 9982 6.7 185 1292.67 -78.64 - 

 
Chardonnay 

 

Bare soil (Control) 9118 5.9 193 1231.84   
Herbicides 8493 6.4 185 1099.84 -132.00 00 

Tillage + herbicides 8947 6.3 190 1189.95 -41.89 - 
Mowing 8288 6.5 185 1073.30 -158.55 00 
Organic 8788 6.3 190 1168.80 -63.04 - 

Feteasca neagra 

Bare soil (Control) 9056 5.8 200 1267.84  - 
Herbicides 8206 6.5 190 1091.40 -176.44 00 

Tillage + herbicides 8880 6 198 1230.77 -37.07 - 
Mowing 7958 6.6 184 1024.99 -242.85 000 
Organic 8653 6.2 195 1181.13 -86.71 0 

Cabernet 
Sauvignon 

Bare soil (Control) 9683 5.7 199 1348.84  - 
Herbicides 9097 5.9 186 1184.43 -164.41 00 

Tillage + herbicides 9462 5.9 195 1291.56 -57.28 - 
Mowing 9001 6.2 185 1165.63 -183.21 00 
Organic 9231 5.8 191 1234.18 -114.66 - 

Pinot noir 

Bare soil (Control) 7787 5.4 206 1122.89  - 
Herbicides 7161 5.9 195 977.48 -145.41 00 

Tillage + herbicides 7519 5.6 204 1073.71 -49.17 - 
Mowing 6899 5.8 192 927.23 -195.66 000 
Organic 7364 5.6 201 1036.11 -86.77 - 

 
 
 

DF 

Italian Riesling                
 

5%      

98  
 

1% 

122  
 

0.1%   

199 
Chardonnay 75 101   177 

Feteasca neagra               105 136 227 
Cabernet sauvignon         115 158   265 

Pinot noir                        87       117 187 

 
The high rainfall during 2016 growing season 

made quite difficult the soil management, due to the 
increased weeding. Therefore, by far, the bare soil with 
repeated tillage was the best solution for high grape 
production [10]. The soil management by mowing was 
less efficient for weeds control, with the lowest grape 
yield for all varieties. In the Italian Riesling variety, the 
grape production was 9517 kg / ha. For the 
Chardonnay variety, the experimental plots ranking 
was similar with Italian Riesling, but the grape yield 
was even lower. The highest yield was registered in the 

control plot (9118 kg / ha) followed by the grape yield 
from the tillage +herbicides experimental plot with 
9847 kg / ha and by the grape yield from the organic 
weed control plot with 8788 kg /ha. In the Chardonnay 
plot maintained by mowing was registered the lowest 
grape yield.  

Feteasca neagra, one of the most valuable 
Romanian variety, but sensitive to soil tillage and 
pruning, especially when weather is unfavourable [3], 
registered the highest differences between the 
experimental plots. The only plot with negative but not 
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significant difference was the soil management by 
tillage + herbicides. The other experimental plots 
registered higher differences compared to the control; 
the lowest grape yield was registered in the mowed 
experimental plot. 

In the Cabernet Sauvignon variety, the yields 
for all experimental plots were higher than in Feteasca 
Neagra variety, due to a higher economic stability for 
this variety; the highest grape yield was recorded in the 
bare soil plot, followed by the yield from the tillage + 
herbicides plot and the yield from the organic plot. 

The differences between experimental plots 
related to the sugars amount and acidity in g/l, but also 
to the sugar amount on hectare, were small but 
significant. 

In all varieties, sugar accumulations have been 
influenced by climate variability and were lower during 
2016 growing season. The Italian Riesling accumulated 
between 181 grams of sugar per liter in the mowed 
plot, and 187 g /l in the bare soil plot; in the mowed 
and herbicides experimental plots were registered 
significant but negative amounts of sugar compared 
with other plots. 

The Chardonnay variety accumulated during 
2016 growing season, 185 grams of sugar per litter in 
the experimental plot with herbicides application, 190 

grams / liter in the organic and tillage + herbicides 
plots, and 193 g / l in the bare soil plot. 

Although the Feteasca Neagra variety has 
accumulated higher amounts of sugars compared to the 
previous varieties during 2016 growing season, the 
quantities were below the quality potential of this 
variety. The differences between the experimental plots 
and the control were more obvious for this variety 
compared to the others; the registered differences were 
statistically significant for all plots, excepting the soil 
maintenance by tillage + herbicides. For the Cabernet 
Sauvignon and Pinot Noir varieties, the plots with 
negative significant differences compared to the control 
were the plots with soil management by herbicides and 
mowing. In the organic, tillage and herbicides soil 
management, although was registered a low quality 
compared to the control, the differences were not 
statistically significant. In 2017, high insolation and 
lower rainfall compared to other growing seasons 
provide the best results, both for grape production and 
berry quality. The experimental plots ranking in 2017 
was similar with the previous growing seasons, but the 
results between the experimental plots were much 
closer, both for the grape production and especially for 
berry quality. 

Table 2  
The influence of the soil maintenance system on the production and quality of grapes in 2017 

Variety Experimental plot 
Grape production 

(kg/ha) 
Acidity 

(g/l H2SO4) 
Sugars 

(g/l) 
Sugars 
(kg/ha) 

Difference to  
the control 

Significance 

 
Italian Riesling 

 

Bare soil (Control) 12224 4.9 225 1925.28  - 
Herbicides 11299 5.3 220 1740.046 -185.23 0 

Tillage + herbicides 11835 5 223 1847.444 -77.84 - 
Mowing 10949 5.4 219 1678.482 -246.80 0 
Organic 11578 5.2 225 1823.535 -101.75 - 

 
Chardonnay 

 

Bare soil (Control) 10532 4.5 233 1717.769 - - 
Herbicides 9771 4.7 224 1532.093 -185.68 0 

Tillage + herbicides 10293 4.7 228 1642.763 -75.01 - 
Mowing 9612 5.1 221 1486.976 -230.79 0 
Organic 10152 4.6 227 1613.153 -104.62 - 

Feteasca neagra 

Bare soil (Control) 10504 4.1 238 1749.966 - - 
Herbicides 9634 4.8 230 1551.074 -198.89 0 

Tillage + herbicides 10362 4.4 238 1726.309 -23.66 - 
Mowing 9342 4.8 224 1464.826 -285.14 00 
Organic 10097 4.6 234 1653.889 -96.08 - 

Cabernet 
Sauvignon 

Bare soil (Control) 11367 3.9 235 1869.872 - - 
Herbicides 10593 4.5 229 1698.058 -171.81 - 

Tillage + herbicides 10996 4.3 231 1778.053 -91.82 - 
Mowing 10419 4.6 222 1619.113 -250.76 0 
Organic 10793 4.2 230 1737.673 -132.20 - 

Pinot noir 

Bare soil (Control) 8959 3.8 242 1517.655  - 
Herbicides 8289 4.3 235 1363.541 -154.11 - 

Tillage + herbicides 8721 3.8 239 1459.023 -58.63 - 
Mowing 8001 4.3 231 1293.762 -223.89 0 
Organic 8576 4 238 1428.762 -88.89 - 

 
 
 

DF 

Italian Riesling                
 

5%      

175  
 

1% 

253  
 

0.1%   

307 
Chardonnay 163 245 299 

Feteasca neagra               197 275 342 
Cabernet sauvignon         202 299 379 

Pinot noir                        170 249 304 



 11

The Italian Riesling variety registered the 
higher yields in all experimental plots, with limits 
between 10949 kg / ha, in the soil management by 
mowing, and 12224 kg /ha, in the bare soil plot. In the 
2017 growing season the soil management plot by 
tillage + herbicides had the closest grape production to 
that from the control plot. 

For the Chardonnay variety, the grape yields 
were high, with variability between 9612 kg / ha, in the 
mowed plot, and 10532 kg /ha, in the bare soil plot. For 
the Feteasca Neagra variety, the grape production in 
2017 growing season were in all experimental plots, 
with about 1300-1500 kg / ha higher than the previous 
year. The experimental plots ranking was similar to the 
other varieties; the highest grape production was 10504 
kg / ha, in the bare soil plot, followed by tillage + 
herbicides plot with 10369 kg / ha, and organic plot, 
with almost 10100 kg / ha. 

In Cabernet Sauvignon variety, the grape 
yields were very high, over 10,000 kg / ha for all 
experimental plots; the highest grape production was 
recorded in the bare soil plot followed by tillage + 
herbicides and organic plots. Although the Pinot Noir 
variety had the lowest yields, the high berry quality 
recovers the low productivity. 

The differences registered between the control 
plot and the other experimental plots, the sugar 

amounts in the 2017 growing season were very high, 
exceeding by far 200 g sugar / l. The experimental 
plots ranking was less obvious compared to the 
previous year. 

Favourable climate fully compensated for the 
difference between the soil management system; the 
only plots that recorded negative significant differences 
was for herbicides and mowed plots, in the Italian 
Riesling, Chardonnay and Feteasca Neagra varieties, 
while in the Cabernet Sauvignon and Pinot Noir, only 
the mowed plot registered differences compared to the 
control but with negative significance. In favourable 
growing season, with high insolation and low 
precipitation, the differences between organic and bare 
soil management are relatively small, and therefore, the 
organic soil management becomes a viable alternative. 

In the 2018 growing season the weather was 
quite normal, without excessive sunlight and rainfall; 
grape yield was lower compared with 2017, but clearly 
higher than in 2016 growing season. In 2018 the sugars 
amounts were high, and although did not reach the 
quality from 2017, were favourable for high quality 
wine. The highest sugar amounts were registered in the 
control plot for all varieties; the lowest and significant 
sugar amounts were found in the herbicides and 
mowing plots. The organic soil maintenance was the 
best alternative for all grape varieties.  

Table 3  
The influence of the soil maintenance system on the production and quality of grapes in 2018 

Variety Experimental plot 
Grape production 

(kg/ha) 
Acidity 

(g/l H2SO4) 
Sugars 
(g/l) 

Sugars 
(kg/ha) 

Difference to  
the control 

Significance 

 
Italian Riesling 

 

Bare soil (Control) 11350 5.6 198 1685.48 - - 
Herbicides 10540 6.1 192 1517.76 -167.72 0 

Tillage + herbicides 11020 5.8 196 1619.94 -65.53 - 
Mowing 10233 6.3 189 1450.53 -234.95 00 
Organic 10780 5.9 195 1576.58 -108.90 - 

 
Chardonnay 

 

Bare soil (Control) 9825 5.2 202 1488.49 - - 
Herbicides 9132 5.6 195 1335.56 -152.93 0 

Tillage + herbicides 9620 5.4 200 1443.00 -45.49 - 
Mowing 8950 5.8 194 1302.23 -186.26 00 
Organic 9470 5.5 199 1413.40 -75.09 - 

Feteasca neagra 

Bare soil (Control) 9780 4.9 210 1540.35 - - 
Herbicides 8920 5.6 199 1331.31 -209.04 00 

Tillage + herbicides 9621 5.1 208 1500.88 -39.47 - 
Mowing 8650 5.7 196 1271.55 -268.80 00 
Organic 9375 5.4 203 1427.34 -113.01 - 

Cabernet 
Sauvignon 

Bare soil (Control) 10525 4.8 207 1634.01 - - 
Herbicides 9845 5.2 198 1461.98 -172.02 0 

Tillage + herbicides 10229 5.0 204 1565.04 -68.97 - 
Mowing 9710 5.4 195 1420.09 -213.92 0 
Organic 10012 5.1 201 1509.31 -124.70 - 

Pinot noir 

Bare soil (Control) 8373 4.5 215 1350.15 - - 
Herbicides 7725 5.0 206 1228.28 -121.87 0 

Tillage + herbicides 8120 4.7 212 1236.27 -113.88 - 
Mowing 7450 5.1 203 1173.38 -176.77 0 
Organic 7970 4.8 210 1255.28 -94.87 - 

 

 
 

DF 

Italian Riesling                
 

5%      

135  
 

1% 

198  
 

0.1%   

286 
Chardonnay 103 175 239 

Feteasca neagra               142 203 301 
Cabernet sauvignon         152 218 333 

Pinot noir                        117 192 258 
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For the Italian Riesling variety, the highest 
average grape yields per growing season were found in 
the control plot, with 11350 kg /ha, and the lowest, in 
the soil management by mowing. In the organic plot 
the grape production was 10780 kg / ha in the Italian 
Riesling. In the Chardonnay variety, as in all varieties, 
was noticed similar ranking of the experimental plots. 

The highest grape production was of 9825 kg / 
ha, found in  the control plot, closely to the tillage and 
herbicides plots, with 9620 kg / ha, and also to the 
organic soil management plot with 9470 kg / ha. In the 
Feteasca neagra variety, the highest grape production 
was 9780 kg / ha, registered in the control plot, while 

the lowest was 8650 kg /ha, registered in the mowed 
plot; the soil management plot by tillage and herbicides 
recorded the closest grape production compared to the 
control. The organic plot for the Feteasca Neagra 
variety, provide a grape production of 9375 kg / ha, 
with only about 400 kg / ha lower than the control plot. 
The Cabernet Sauvignon and Pinot Noir varieties are 
less influenced by soil management compared to the 
Feteasca Neagra variety, therefore the differences for 
grape production between the experimental and control 
plots, were lower compared to the Feteasca Neagra 
variety.  

Table 4 
The influence of the soil maintenance system on the production and quality of grapes average 2016-2018 

Variety Experimental plot 
Grape production 

(kg/ha) 
Acidity 

(g/l H2SO4) 
Sugars 
(g/l) 

Sugars 
(kg/ha) 

Difference to 
the control 

Significance 

 
Italian 

Riesling 
 

Bare soil (Control) 11350 5.7 203 1660.69 - - 
Herbicides 10540 6.1 198 1503.59 -157.10 0 

Tillage + herbicides 11020 5.8 202 1601.07 -59.62 - 
Mowing 10233 6.3 196 1444.94 -215.75 00 
Organic 10780 5.9 202 1564.26 -96.43 - 

 
Chardonnay 

 

Bare soil (Control) 9825 5.2 209 1479.37  - 
Herbicides 9132 5.6 201 1322.50 -156.87 0 

Tillage + herbicides 9620 5.5 206 1425.24 -54.13 - 
Mowing 8950 5.8 200 1287.50 -191.86 00 
Organic 9470 5.5 205 1398.45 -80.92 - 

Feteasca 
neagra 

Bare soil (Control) 9780 4.9 216 1519.39 - - 
Herbicides 8920 5.6 206 1324.59 -194.79 0 

Tillage + herbicides 9621 5.2 215 1485.99 -33.40 - 
Mowing 8650 5.7 201 1253.79 -265.60 00 
Organic 9375 5.4 211 1420.79 -98.60 - 

Cabernet 
Sauvignon 

Bare soil (Control) 10525 4.8 214 1617.57  - 

Herbicides 9845 5.2 204 1448.16 -169.42 0 
Tillage + herbicides 10229 5.1 210 1544.88 -72.69 - 

Mowing 9710 5.4 201 1401.61 -215.96 0 
Organic 10012 5.0 207 1493.72 -123.85 - 

Pinot noir 

Bare soil (Control) 8373 4.6 221 1330.23  - 
Herbicides 7725 5.1 212 1189.77 -140.46 0 

Tillage + herbicides 8120 4.7 218 1256.33 -73.90 - 
Mowing 7450 5.1 209 1131.46 -198.77 0 
Organic 7970 4.8 216 1240.05 -90.18 - 

 
 
 

DF 

Italian Riesling                
 

5%      

139  
 

1% 

201  
 

0.1%   

292 
Chardonnay 107 179 244 

Feteasca neagra               146 207 308 
Cabernet sauvignon         155 223 337 

Pinot noir                        120 199 264 

 
The quality of grape production during 

research was high to very high; the average quality was 
very much influenced by the berry quality from 2017 
growing season which was very favourable for 
grapevine growing. For the Italian Riesling variety was 
recorded sugars amounts between 196 g / l, in the 
mowed plot, and 203 g / l, in the bare soil plot. In the 
organic and tillage + herbicides plots, was recorded for 
both 202 g of sugar / l, which was very close to the 
control plot sugar amount. Results are similar with 
those founded by Dobrei et al. (2016) [4]. 

In the Chardonnay variety, the experimental 
plots also recorded similar values for sugar amounts, 
with variability between 200 g / l, in the mowed plot 
and 209 g / l in the bare soil plot. 

The differences between the experimental 
plots concerning the sugar accumulations, in the 
Feteasca Neagra variety, are more obvious; the sugar 
amounts variability was between 201 g /l, in the 
mowed plot, and 216 g / l, in the control plot. The 
higher amounts of sugar were registered in the red wine 
varieties.  
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The main components (PCA) analysis was 
used for the average values from 2016-2018 growing 
seasons, regarding the influence of the soil 
management system on the grape production and 
quality from the five wine varieties: Cabernet 
Sauvignon, Fetească Neagră, Pinot Noir, Italian 
Riesling, and Chardonnay.  

The grape production, the amount of sugar per 
hectare, and the amount of grape juice, for the Fetească 
neagră variety, were positively correlated and 
registered positive values in the bare soil management 
system, in  the mowed + herbicides plot or organic 
management system. However, the same variety had a 
high acidity when the soil was manage by herbicide or 
mowing, when also the grapes production and the 
amount of sugar were lower. 

For Cabernet Sauvignon, the grape production 
and sugar amount proved to be superior in the bare soil 

plots, in the tillage + herbicide plot, or in herbicides or 
organic plots. In the soil management plot by mowing, 
the grapes had a higher acidity compared to those 
harvested from the other experimental plots during the 
2016-2018 growing season. Pinot noir proved to be the 
variety with the lowest grapes production and sugar per 
hectare; only the amount of sugar in the berries was 
positively correlated with the bare soil management 
plot, organic or by tillage + herbicides. Soil 
management by herbicides and mowing had a negative 
influence both on the grapes production and sugar per 
hectare and on berry sugar content. The Pinot noir 
variety recorded the lowest values of acidity during the 
2016-2018 growing season. Overall, for all five 
varieties, the variant of soil maintenance by mowing 
proved to be the one with the lowest production of 
grapes and sugar, but with the highest value of acidity. 

 

 
Figure 1. Analysis of the main components (PCA) showing for each variant the influence of the soil maintenance 
system on the production and quality of grapes during 2016-2018 growing seasons, for the wine varieties Italian 

Riesling (RI), Chardonnay (C), Feteasca neagra (FN ), Cabernet Sauvignon (CS), Pinot noir (PN) at a 95% confidence 
level (bare soil - C; Herbicide - E; Tillage + herbicides - P + E; Mowing - M; Organic-O)  

 
Conclusions 
 

Concerning the experimental plots, the 
influence on the berry quality, although exists, it is less 
obvious; for all varieties the experimental plot 

distinguished by negative significance compared to the 
control, was the mowed plot. However, the results from 
2016 growing season was very important, when the 
abundant precipitations which favour the weed 
growing, make harder the soil maintenance by mowing 
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Although for the control plot was registered 
the higher energy consumption and the highest 
amounts of carbon emissions, the berry quality had the 
highest quality, which is expected due to a much more 
rigorous control over weeds, but also a superior 
accumulation of heat in the soil. The only year in 
which this experimental plot had from the point of 
view of sugar accumulations, smaller differences 
compared to the other experimental plots was 2017 
growing season, when the superior insolation and the 
precipitation deficit lowered the effect between the 
plots. 

The organic plot proves to be an alternative 
for the future, which can successfully replace the bare 
soil, in growing seasons with normal climate, and 
especially in years with favourable climate. The closest 
experimental plot results to the control plot for all five 
varieties was the tillage and herbicides which is 
considered to be a viable option, considering the less 
soil works, by which is limited the carbon emissions. 

As shown in the PCA diagram, the main 
component F1 contributes 65.03% to the variability of 
the soil management system influence on the grape 
production and quality. The grape production in the 
Italian Riesling variety was very strongly negative 
correlated with the acidity from the berries but very 
strongly positively correlated with the amount of sugar 
in the grape juice and per hectare. On the other hand, 
the acidity had a very strong antagonistic relationship 
with the sugar from berries and the amount of sugar per 
hectare. A higher acidity was registered for the 
herbicide and mowing soil management plots, while 
the highest sugar production per hectare was registered 
for the bare soil management plot. 
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