
 

 

 

 

Abstract- This study assessed the effect of diluted WWW and raw 

water on soil chemical parameters including pH, potassium (K), 

calcium (Ca), magnesium (Mg), and sodium (Na), and soil enzyme 

activities including β-glucosidase, phosphatase, and urease, where 

different summer catch crops were cultivated over one season. The 

experimental design was a complete randomized block design 

(CRBD) with 3 replications. After the application of diluted WWW 

and raw water over one season, there was a significant impact in soil 

pH in the 0-15 cm soil layer. In the 15-30 cm soil layer, the 

significant impact was on soil pH and K. Results showed that 

irrigation with either diluted WWW or raw water had no significant 

effect on the three soil enzymes throughout the study period. Thus, 

irrigation with diluted WWW may not adversely affect soil microbial 

population, ecosystem, and nutrient cycle. 
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I. INTRODUCTION 

The global climate change and continuous increase in world 

population are leading to water scarcity, growing demand for 

clean water, and a decline in agricultural productivity [1]. This 

shift has further resulted in an increase in the shortage and 

demand for irrigation water in the farming system. To reduce 

the pressure on the demand for clean water and meet the 

irrigation demand, the practice of supplementing available 

clean water with untreated, treated, and urban/industrial 

wastewater is becoming popular [2]. 

Winery wastewater (WWW) can provide a valuable 

irrigation source especially, in regions where water 

accessibility is problematic or sustainable disposal of waste is 

essential [3]. It is estimated that about 3 to 5 m3 of WWW 
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with high organic load and variable salinity and nutrient levels 

is produced per tonne of grapes crushed [4]. The South 

African wine industry produces more than 980 000 m3 

volumes of WWW annually [5]. However, WWW is badly 

handled and deposited into freshwater sources, contributing to 

significant contamination in the environment [6]. A potential 

solution to this issue is the reuse of this WWW for irrigation in 

agricultural soils.  

Irrigation with WWW which is rich in nutrients including 

potassium (K) and sodium (Na) can be beneficial to the overall 

soil fertility as this can replace conventional fertilizers. 

However, the long-term application may alter soil 

physiochemical properties and increase the concentration of 

the salts associated with saline or sodic soils, which can be 

detrimental to the soil ecosystem and crop performance. Few 

studies have also shown that irrigation with WWW can affect 

soil quality properties such as microbial enzymes responsible 

for organic soil breakdown and mineralisation of nutrients [7]. 

Thus, it is imperative, that when WWW is used for irrigation, 

water conservation benefits are not compromised by a decline 

in soil health, plant productivity, and environmental quality 

[3]. However, there is less information on the effects of WWW 

on soil chemical and biological properties known to be reliable 

soil quality indicators. More information on this topic is 

crucial for broader understanding and proper management of 

WWW irrigation to minimise the negative impacts on the soil 

and environment and improve crop quality and yield. The 

objective of this study was to determine the effect of diluted 

WWW and raw water on soil chemicals such as pH, potassium 

(K), calcium (Ca), magnesium (Mg), and sodium (Na) and soil 

enzyme activities including β-glucosidase, phosphatase, and 

urease, where different summer catch crops were cultivated. 

II. MATERIALS AND METHODS 

A. Experimental Description 

A field trial was conducted in a Shiraz/110 Richter vineyard 

established on sandy loamy soil in 2020 season at Agricultural 

Research Council (ARC) Nietvoorbij experimental farm (33° 

55′ 02′′, 18° 526′ 04′′) in Stellenbosch, Western Cape 

Province, South Africa. Grapevines were spaced 1.2 m in the 
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row and 2.4 m between rows. The vineyard was divided into 

104 m
2
 plots, each containing 10 experimental vines, five in 

each of two adjacent rows. A randomized block design was 

used, and each treatment was replicated three times. Eight 

treatments (six irrigated with diluted WWW and two irrigated 

with raw water) were applied (Table I). 

 
TABLE I: TREATMENTS APPLIED INSIDE THE VINEYARD 

 

B. Application of Diluted WWW 

Irrigation was applied by means of micro-sprinklers. Winey 

wastewater was collected from the Leeuwenkuil winery. The 

chemical oxygen demand (COD) and electrical conductivity 

(EC) of undiluted WWW was diluted to obtain COD and EC 

of less than 5 000 mg/L and 200 mS/m, respectively, to abide 

by the current laws specified by the General Authorization [8] 

on the quality of irrigation water. Irrigation of the vineyard 

commenced when there was available WWW. Due to the Level 

5 lockdown in 2020, unfortunately, no WWW irrigations could 

be applied in April. The raw water treatments were irrigated 

with raw (clean) water from the local dam. 

C. Soil Sampling and Chemical/Enzyme Analyses 

Soil samples were collected from 0-15 cm and 15-30 cm 

soil layers after irrigation with diluted WWW. Soil samples 

were passed through a 2 mm mesh. The soil chemical status of 

pH, K, Ca, Mg, and Na was determined using the method as 

described by [9]. The pH was expressed as KCL while K, Ca, 

Mg, and Na were expressed as cmol(+)/kg. The activities of β-

glucosidase, phosphatase, and urease are known to play a 

critical role in the carbon, phosphorus, and nitrogen cycle, 

respectively, were determined from each sample using 

colorimetric methods [10-12]. The activities of β-glucosidase 

and phosphatase were expressed as μg p-nitrophenol g-1 soil 

h-1 while urease activity was expressed as μg ammonium g-1 

soil 2 h-1. 

D. Statistical Analysis 

The experimental design was a randomised complete block 

design with eight catch crop treatments and three block 

replicates. The data were subjected to analysis of variance 

(ANOVA) using General Linear Models Procedure (PROC 

GLM) of SAS software (Version 9.4; SAS Institute Inc, Cary, 

USA). Shapiro-Wilk test was performed to verify the 

normality of standardized residuals [13]. Fisher’s least 

significant difference was calculated at the 5% level to 

compare treatment means [14]. A probability level of 5% was 

considered significant for all significance tests. 

III. RESULTS AND DISCUSSION 

A. Effect of Diluted WWW and Raw Water on Soil pH  

Results of this study showed that after diluted WWW 

application in the vineyard, soil pH(KCl) was significantly 

higher in treatments irrigated with diluted WWW compared to 

treatments irrigated with raw water at both 0-15 cm and 15-30 

cm soil layers (Table II). This is consistent with other studies 

where the application of WWW increased soil pH(KCl) from 

4.6 to 5.0 in the top-soil and from 5.0 to 5.3 in the sub-soil 

[15], [16]. Reference [17] reported that soil pH(KCl) 

increased when irrigated with WWW, regardless of the soil 

types. Similarly, in two case studies where pastures and a 

vineyard were irrigated with WWW, soil pH(KCl) increased 

[18]. In contrast, [19] reported that after WWW application, 

there were no clear trends in soil pH(KCl) that could be related 

to the different levels of dilution of WWW compared to the 

river water. An increase in soil pH (acidic soils in particular) 

supports better nutrient balance for plant growth. Given that 

irrigation using WWW is likely to increase soil K and Na, soil 

pH will consequently increase via alkaline hydrolyses [19], 

[20].  

B. Effect of Diluted WWW and Raw Water on Soil K 

At 0-15 cm soil layer, there was no significant effect 

between treatments irrigated with diluted WWW and 

treatments irrigated with raw water (Table II). However, at 15-

30 cm soil layers, soil K was significantly higher in treatments 

irrigated with diluted WWW compared to treatments irrigated 

with raw water. This was to be expected given that WWW 

contains high levels of K. Several other studies have also 

reported increased K due to irrigation with WWW [21], [22], 

[16].  Reference [20] reported that irrigation with diluted 

WWW increased K substantially in the 0-10cm layer of four 

different soils over four simulated seasons in a pot study. 

Despite the cultivation of Kikuyu grass where a plot of land 

was irrigated with WWW, K levels increased in the 0-10 cm 

soil layer, and to some extent in the 10-20 cm soil layer, at the 

end of the harvest periods [21].  High soil K could lead to an 

increase in K uptake by grapevines, which could have negative 

effects such as grape musts with high pH, malate 

concentrations, and poor colour [23], [24].  

C. Effect of Diluted WWW and Raw Water on Soil Ca, Mg 

and Na 

Results of this study showed that after irrigation with diluted 

WWW and raw water inside the vineyard, there was no 

significant impact in soil Ca across all the treatments from 0-

30 cm soil layers (Table II). Similarly, reference [4] reported 

that irrigation with WWW diluted up to 3 000 mg COD/L had 

little or no effect on soil Ca due to low amounts present in the 

WWW. Reference [25] also reported that the application of 

WWW did not increase soil Ca over two and half years of the 

study period. In contrast, Ca concentrations were higher in the 

Treatment no. Summer catch crops 

 

Irrigation 

1 Pearl millet Diluted winery wastewater 

2 Pearl millet Diluted winery wastewater 

3 Dolichos beans Diluted winery wastewater 

4 Dolichos beans Diluted winery wastewater 

5 Chicory Diluted winery wastewater 

6 Chicory Diluted winery wastewater 

7 No cover crop Raw water 

8 No cover crop Raw water 
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WWW irrigated soils having 6.63 mg/kg at the 20-40 cm soil 

layer compared to 4.38 mg/kg for the control irrigated soil in 

the Napa Valley American region in Northern California [22]. 

Also, pastures irrigated with WWW for over 100 years 

increased soil Ca levels substantially compared to controls 

[26]. Results are inconsistent about the effects of WWW in 

soil Ca, therefore long-term research is required in this regard. 

There was no significant impact in soil Mg between 

treatments irrigated with diluted WWW and those irrigated 

with raw water from 0-30 cm soil layers (Table II). Similarly, 

[4] reported that where diluted WWW (3 000 mg/L COD) was 

used for the irrigation of a vineyard in a sandy, alluvial soil, 

due to their low levels in the diluted WWW, soil Mg did not 

respond to levels of dilution of the WWW. However, pastures 

irrigated with undiluted WWW for over 100 years increased 

soil Mg [26]. Magnesium concentrations were higher in the 

WWW irrigated soils having 9.10 mg/kg at the 20-40 cm soil 

layer compared to 4.90 mg/kg soil for the control irrigated soil 

in Napa Valley American region in Northern California [22]. 

However, where Kikuyu grass was irrigated with WWW, Mg 

concentration in all layers showed only limited fluctuation 

[25]. Longer-term WWW irrigation may be required to 

observe a significant increase in soil Mg. An increase in soil 

Mg through WWW irrigation will aid vine chlorophyll and soil 

enzyme activation and results in soil having less water-stable 

aggregates and less pore integrity. 

Treatments irrigated with diluted WWW and raw water had 

no significant effect in soi Na at both 0-15 cm and 15-30 cm 

soil layers (Table II). However, at 15-30 cm soil layer, 

treatments irrigated with diluted WWW were slightly higher 

than treatments irrigated with raw water. The previous study 

has, however, shown that irrigation with WWW increased the 

Na levels [16]. Where diluted WWW was used for the 

irrigation of a vineyard in sandy, alluvial soil, Na increased 

linearly as the level of WWW dilution decreased, particularly 

in the topsoil [4]. Also, WWW irrigated soils contained 

significantly higher concentrations of Na (from 48.7 to 72.6 

mg/kg soil) than the control irrigated soils (from 7.52 to 16.1 

mg/kg soil) across all depths in the Napa Valley American 

region [28]. A high concentration of Na in the soil due to 

WWW application can reduce soil aggregate stability, reduce 

water availability for plants and be toxic to some plants [27]. 

More studies found that the application of WWW increases 

soil Na.  

D. Effect of diluted WWW and Raw Water on Soil 

Enzymes Activities 

Results from this study showed that irrigation with either 

diluted WWW or raw water had no significant impact on the 

activities of β-glucosidase, phosphatase, and urease at 0-15 cm 

and 15-30 cm soil layers (Table III). In contrast to results from 

the current study, the β-glucosidase and urease activities were 

substantially greater in the 0-10 cm compared to the 10-20 cm 

soil layers after irrigation with diluted WWW in a study by 

[28]. Furthermore, the application of WWW irrigation had a 

significant effect on β-glucosidase activity in a field study at 

Rawsonville [27] where activity was more pronounced in the 

topsoil than in the sub-soils and the β-glucosidase activity also 

increased as the chemical oxygen demand (COD) 

concentration in WWW increased. Soil β-glucosidase, 

phosphatase, and urease are involved in C, P, and N cycling 

and be reliable soil quality indicators in the in-soil 

management systems [29], [30]. A longer-term study may be 

required to observe considerable enzyme activities in this 

study.  
TABLE II: THE CHEMICAL STATUS OF THE SOIL IN THE 0-15 CM 

AND 15-30 CM SOIL LAYERS AFTER IRRIGATION 

DILUTED WWW 

Refer to Table I for details of treatments. 

Values designated by the same letters within a column do not differ 

significantly (p ≤ 0.05) 

 

TABLE III: B-GLUCOSIDASE, PHOSPHATASE AND UREASE 

DETERMINED IN THE SOIL IN THE 0-15 CM AND 15-30 

CM SOIL LAYERS AFTER IRRIGATION WITH DILUTED 

WWW AND RAW WATER 

Refer to Table I for details of treatments. 

Values designated by the same letters within a column do not differ 

significantly (p ≤ 0.05) 

Treatment 

no. 

pHKCl Exchangeable cations (cmol(+)/kg) 

 

  K Ca Mg Na 

0-15 cm 

1 5.87 a 0.50 a 2.57 a 0.75 a 0.18 a 

2 5.93 a 0.50 a 2.60 a 0.80 a 0.17 a 

3 5.83 a 0.51 a 2.53 a 0.78 a 0.18 a 

4 5.77 a 0.50 a 2.67 a 0.72 a 0.20 a 

5 6.10 a 0.42 a 2.70 a 0.76 a 0.23 a 

6 6.10 a 0.50 a 2.70 a 0.81 a 0.18 a 

7 5.20 b 0.25 a 2.47 a 0.69 a 0.13 a 

8 5.10 b 0.32 a 3.03 a 0.90 a 0.18 a 

15-30 cm 

1 5.77 ab 0.53 a 2.17 a 0.64 a 0.18 a 

2 5.73 abc 0.41 bc 1.77 a 0.56 a 0.18 a 

3 5.53 bc 0.37 abc 1.87 a 0.62 a 0.16 a 

4 5.73 abc 0.46 a 2.53 a 0.73 a 0.18 a 

5 5.97 a 0.41 ab 2.20 a 0.68 a 0.19 a 

6 5.83 ab 0.36 abc 2.30 a 0.69 a 0.20 a 

7 5.40 cd 0.20 c 2.30 a 0.65 a 0.13 a 

8 5.17 d 0.25 bc 2.47 a 0.76 a 0.13 a 

Treatment 

no 

B-glucosidase 

(µg p-

nitrophenol g-1 

h-1) 

Phosphatase 

(µg PNP g-1 soil 

h-1) 

Urease 

(µg NH4
+ g-1 

soil 2 h-1) 

0-15 cm 

1 151.30 a 327.32 a 45.48 a 

2 145.02 a 322.95 a 49.03 a 

3 165.04 a 341.48 a 56.74 a 

4 112.87 a 287.82 a 35.86 a 

5 122.08 a 291.11 a 34.61 a 

6 127.53 a 290.18 a 44.09 a 

7 126.99 a 284.60 a 38.54 a 

8 156.82 a 379.02 a 40.80 a 

15-30 cm 

1 37.41 a 117.51 a 15.84 a 

2 34.57 a 116.89 a 12.53 a 

3 30.94 a 109.71 a 15.34 a 

4 34.71 a 126.60 a 13.29 a 

5 45.76 a 133.57 a 13.42 a 

6 24.98 a 92.42 a 13.01 a 

7 36.23 a 106.23 a 12.02 a 

8 36.36 a 121.66 a 12.26 a 
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IV. CONCLUSION 

Large volumes of WWW of poor quality are generated by 

wineries, especially during harvesting of the wine grapes. Due 

to the scarcity of water resources, WWW is being considered 

as a potential alternative source of irrigation water for 

vineyards. The use of WWW as a source of irrigation water 

rather than raw water increased soil K and soil pH in the 

vineyard. Soil K and soil pH decrease as the soil depth 

increase. The use of WWW does not harm soil enzymes 

activities. Farmers with soils that are poor in soil pH and soil 

K can use WWW as a source of irrigation to improve nutrient 

availability and fertility in the soil. 
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