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Abstract: Mulching is a common practice in tomato production both under protected and field 

conditions. Container gown tomato production is rapidly gaining popularity among greenhouse 

tomato growers in Kenya.  Although mulching is known to conserve water and reduce weed 

menace in tomato production, little is currently documented on effect of grass mulching rate on 

yield and growth of container grown tomatoes under plastic tunnel conditions. The main objective 

of the study was to investigate the effect of mulching depth on growth and yield of container 

grown tomatoes under plastic tunnel conditions. The experimental design was randomized 

complete block design replicated three times. The treatments consisted of four mulching depths; 

no mulch, 5 cm, 7 cm and 10 cm. Data was collected on growth, yield and yield components and 

weed density. The data was subjected to analysis of variance at P =0.05 using MINITAB 

statistical software and significant means separated using Tukeys at P = 0.05. Mulching with grass 

7 and 10 cm depths significantly delayed days to 50% flowering. Total tomato yield was highest 

when no mulch was applied. Fruit quality (total soluble solids, total soluble solids: titratable 

acidity) were significantly highest with no mulch. The depressed yield and quality of under higher 

grass mulching rates could be attributed to reduced rhizospheric temperature.  Thick grass 

mulching depth significantly reduced weed density per unit area. Grass mulching depths 

significantly sustained high and low soil moisture and temperature respectively. The depressed 

yield Grass mulching above 7 cm depth is detrimental to container grown Cherry tomato under 

greenhouse conditions. Further investigation is required to understand the interactive effect of 

mulching depth and irrigation schedule in container grown tomatoes.. 
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1. Introduction 

Tomato is an important vegetable crop worldwide 

grown for its edible fruits (Bashir et al., 2018; Bashir 

et al., 2019; Gao et al., 2019). Tomato fruit is a rich 

source of potassium and antioxidants such as β-

carotene, lycopene and tocopherols (Chaudhary et al., 

2018; Noranjo et al., 2016; Perveen et al., 2015; 

Petropoulos et al., 2019). Tomato is recommended for 

healthy diet due to lower fat content and lack of 

harmful cholesterol (Parveen et al., 2015). Tomato is 

one of the most important vegetable crops grown in 

Kenya  (Ochilo et al., 2019). It is ranked second after 

potatoes in terms of production volumes and value in 

Kenya. Recently production and yield of tomatoes 

has significantly increased in Kenya (HCD, AFA & 

KNBS, 2016; Ochilo et al., 2019).  

Recent statistics indicate that Kenya is a leading 

producer of tomtoes in Sub-saharan Africa with  

annual production of 0.41 million metric tones of 

tomato fruits (FAO, 2018). Tomato production 

contributes to 7 and 14 % of total national 

horticultural and vegetation production, respectively 

mailto:gmbira@kabianga.ac.ke
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
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(Geoffrey et al., 2014). Tomato crop is therefore an 

important fruit vegetable in Kenya. Total area under 

tomato cultivation and its fruit production in Kericho 

County was 442 ha and 4,159 metric tons while the 

national hectarage and yield of tomato was 20,111 ha 

and 341,026 metric tons for the growing season 

2015/2016 (HCD, AFA and KNBS (2016). This 

shows a lower yield performance (45% of the 

national average) of tomato in Kericho County 

compared to national average.  The reduction in 

production of tomatoes in the region could be 

attributed to adverse abiotic and biotic factors, which 

are characteristics of rainy highlands. The low 

temperatures and high rainfall in the tropical 

highlands such as Kericho adversely affect tomato 

production.  

Tomato cultivation in Kenya is predominantly 

done under open-field and rain-fed conditions. Inspite 

of recent development in greenhouse technologies, 

Kenyan farmers prefer open-field tomato cultivation 

in rain-fed areas of Kenya (Geoffrey et al., 2014). In 

the recent past, tomato growers have opted for 

supplementary irrigation during dry season to 

produce better yields and quality quality, with low 

disease incidences (Silva et al., 2014). Greenhouse 

tomato production is an acceptable approach for 

increased performance of tomatoes in places with 

suboptimal temperatures. In Kenya, due to lack of  

availability of indeterminate tomato varieties, farmers 

were unable to maximize their production under 

greenhouse conditions. Therefore farmers prefer not 

to invest for the development of greenhouse structure 

and grow tomato in open-field (HCD, AFA and 

KNBS, 2016). Although Cherry tomato is recognized 

as the ancestor of tomato, it is not considered as an 

alternative to profitable tomato production in Kenya.  

Weeds are considered as one of the major factors 

limiting crop yields by competing with the crops for 

various resources. Due to environmental and 

ecological concerns of chemical control of weed, non-

chemical weed management (Arora et al., 2019; 

Brown et al., 2019; Iqbal et al., 2019). The 

application of mulching significantly alters plant 

environment by limiting soil moisture evaporation 

losses, weed growth suppression and modifications of 

soil environment including physical (temperature and 

structure), chemical (fertility, pH) and biological 

(micro-organisms) properties soil (Kader et al., 2017; 

Singh et al., 2015). 

Grass mulch improves growth and yield of various 

crops (Iftihar et al., 2011; Manu et al., 2018; Teame 

et al., 2017). Organic mulches such as grass clippings 

are known to stabilize soil temperature and soil 

moisture (Zhang et al. 2015; Bavougian and Reed, 

2018). The positive effect of improved soil moisture 

content and soil temperature leads to better crop 

performance. The increased growth and yield 

performance through addition of grass mulch is 

attributed to improved soil physical properties (Are et 

al., 2018; Kyere et al.,2018) conservation of soil 

moisture (Kassahun, 2017) and reduced weed menace 

(Zhang et al.,2015; Kere et al., 2003). Application of 

grass mulch caused significant increase in 

total nitrogen, and availability of macronutrients 

(nitrogen, phosphorous and potassium), moreover 

concentration of these nutrients in soil increased with 

increasing quantity of mulch (Fang et al., 2008; Fang 

et al., 2010). The effect of grass mulching rate on 

yield and quality of container grown tomatoes is 

rarely addressed in literature.   

Tomato production in container is gaining 

popularity especially in urban and peri-urban 

agriculture. The containers are versatile in growing 

vegetables using soil or other substrate media 

transportation of plants to desired points and growing 

of crops where native biotic or soil factors restrict 

growing of crops (Nambuthiri et al., 2015).  

Plastic containers, perforated with holes at the 

lower portions, are the common forms of containers 

used for nursery and vegetable productions both 

within the greenhouse and field conditions. The 

plastic containers are beneficial in management of 

soil borne pests as well as minimizing water 

requirement. To reduce water evaporative water 

losses and maintaining root zone temperatures as 

optimal ranges for increased productivity. Grass 

mulching is generally known to reduce soil 

temperatures and conserve soil moisture in 

conventional cultivation (Tegen et al., 2015; Kere et 

al., 2003). Little is currently reported in the literature 

regarding the effect of different rates of grass mulch  

on the performance of potted cherry tomato under 

greenhouse conditions is rarely addressed.. The 

purpose of the study was to investigate the effect of 

mulching depth on growth, yield and quality of 

tomatoes grown under container grown under 

greenhouse conditions of tropical highlands. 

2. Materials and Methods 

2.1.Experimental Conditions 

The study of was conducted at University of 
Kabianga Demonstration Farm. The Farm is located 

within the Mau Complex at an altitude of 1700 m 

above the sea level at Longitude 35.2818 S along 
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Latitude 0.3661 E. The annual average rainfall and 

temperature ranges between 1400 to 2000 mm and 16 

to 27°C, respectively. The daily temperature during 

the study period was maintained at an average of 

24.8 °C by controlling the ventilation and shading 

condition of the plastic tunnel.  

The experimental design was randomized 

complete block design replicated three times. The 

treatment consisted of four grass mulch depths (0, 5, 

7 and 10 cm). The weight of grass mulch per 

container was 0, 19.5, 33.5 and 37.5 g, whereas 

different mulching depths i.e., 0, 5, 7 and 10 cm, 

respectively, were used. Potting substrate was 

prepared by mixing well decomposed poultry manure 

and top soil in the ratio of (poultry manure: top soil; 

1:2 by v/v). The mixture was solarized for 6 weeks 

with weekly turning) within the plastic tunnel.  

The pH (H2O), air porosity, water porosity of the 

substrate was 4.52, 8.9 and 49.2%. Plastic bags (25 L; 

35.56 × 35.56 × 30.48 cm) were filled with 5.61 kg of 

the potting substrate leaving 13 cm from the top 

unfilled. The pots were arranged at a spacing of 50 × 

40 within the plastic tunnel and irrigated to pot 

capacity. Healthy Cherry tomato seedlings (21 days 

old) were transplanted on 1
st
 March 2017.  

The plants were initially watered at the rate of 300 

ml per plant per day. Thereafter watering was 

increased to 500, 600 and 1000 mL for the 3
rd

, 4
th

 and 

rest of the growing periods, respectively.  

2.1. Data Collection 

To assess the effects of treatments applied data on 

following parameters were recorded. 

2.1.1. Growth and Development 

The height of the main stem of 8 plants per 

treatment was measured using a tape measured at 

weekly interval. The girth of the main stem measured 

weekly using vernier caliper. The number of days to 

50% flowering and fruiting was also recorded.  

2.1.2. Weed density 

The weed data was taken at 30 days after 

transplanting,  weeds were uprooted from all the pots. 

Harvested weed plants were washed and blotted dry 

and oven dried at 105°C for 10 minutes then reduced 

to 60°C for 72 hours. The dry weight was then 

recorded. 

2.1.3. Tomato Yield and Yield Components  

Tomatoes were harvested four times and 

terminated thereafter due to serious outbreak of 

tomato late blight. The cumulative yield was 

computed as yield per plant or per unit area. The 

number of fruits per truss was recorded in the first 

four trusses in all branches and averaged.  The 

individual weight of the fruits at each harvest was 

computed and treatment averages were recorded at 

the end of the study. 

2.1.4. Soil Moisture and Temperature  

Soil moisture was taken at 1.00-2.00 pm  during 

the week days throughout the study period using 

gravimetric method.The soil and water measutements 

were taken between 1.00 and 2.00 pm since the 

period coincided with maximum ambient temperature 

to allow accurate determination of treatment effect. 

Soil temperature was taken at a depth 15 cm at the 

time of moisture data collection using soil 

thermometer. The average data was computed and 

analyzed.  

2.1.5. Fruit Quality 

Tomato nutritional quality (°Brix), taste (titratable 

acidity) were measured as described by Labate et al. 

(2010). Briefly, 10 mL of blended fruit juice was 

diluted with 40 mL of distilled water and vortexed for 

10 minutes. Two drops of phenolphthalein indicator 

was added and vortexed again to attain homogenous 

mixture. The mixture was then titrated against 0.1 M 

NaOH. % titratable acidity was estimated using the 

formula, 

% Titratable acidity = [(volume of NaOH used × 

0.0064 (acid factor)/volume of blended fruit used] × 

100 

The appearance quality was estimated by 

measuring the fruit roundness (ratio of the cross 

sectional diameter to longitudinal diameter). % fruit 

defects was estimated by computing the number of 

fruits with defects divided by the total number of 

fruits and result multiplied by 100. 

Table 1. Effect of grass mulching depth on growth 

and development parameters of potted cherry 

tomato in a plastic tunnel 

Mulching 

Depth 

( cm) 

Plant 

Height 

(cm) 

Stem 

diameter 

(cm) 

Days to 

50% 

flowering 

Days to 

50% 

fruiting 

0 89.87 1.03 a 14.33 b 28.33 

5 79.33 0.86 ab 14.67 b 32.33 

7 75.71 0.81 b 15.33 a 32.33 

10 71.97 0.80 b 16.00 a 29.33 

Means in a column followed by different letters are 

significantly different at p = 0.05. 
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3. Results  

3.1. Effect of grass mulching depth on growth and 

development of cherry tomato 

Table 1 illustrates the effect of grass mulching depth 

on growth and development of potted cherry tomato 

in a plastic tunnel. Grass mulching depth did not 

significantly affect height and days to 50% fruiting. 

Stem diameter significantly decreased with increasing 

depth of mulching. Thicker mulching depth (7 and 10 

cm) significantly delayed flowering. 

3.2. Effect of grass mulching depth on yield and 

yield components of cherry tomato 

Table 2 shows the influence of grass mulching 

depth on yield and yield components of potted tomato 

plants in a plastic tunnel. Individual fruit weight 

ranged from 12.3 to 16.0 g. Fruits harvested from 

mulched pots with grass mulch at 5 cm depth were 

significantly smallest. The remaining mulch 

treatments produced fruits with statistically similar 

weights. Number of fruits per truss followed a similar 

pattern where 5 cm depth grass mulching produced 

lowest fruit numbers. In this study, no mulch 

treatment produced the highest tomato fruit yield per 

plant. Although not statistically significant, the 7 cm 

grass mulching depth was second best with respect to 

total fruit yield. 

3.3. Effect of mulching depth on tomato fruit 

quality 

Grass mulching had no significant effect on total 

soluble solids and fruit shape (Table 3). However, the 

findings of this study revealed that either no mulch or 

grass mulching at 5 cm depth had significantly 

highest and percentage of fruits with physiological 

defects. The main physiological defects observed 

were cat face, radial fruit crack and blossom end rot 

(data not presented). Mulching depth significantly 

influenced titratable acidity (p = 0.05). Titratable 

acidity was highest with fruits harvested from 

containers mulched with grass at 5 and 7 cm depths. 

Interestingly, no mulch or grass mulch at 10 cm 

registered the lowest total titratable acidity. 

Table 2. Influence of grass mulching depth on yield 

and yield components of cherry tomato 

Mulching 

depth 

( cm) 

Individual 

fruit 

weight (g) 

Fruits 

per 

truss 

 

Yield 

per 

plant 

(g/plant 

Yield 

(kg/m
2
) 

0 13.92 ab 3.18 ab  230.8 a 0.030 a 

5 12.26 b 2.73 b  135.7 b 0.010 b 

7 12.53 ab 3.18 ab  166.4ab 0.014 b 

10 16.02 a 3.79 a  132.9 b 0.009 b 

Means in a column followed by different letters are 

significantly different at p = 0.05. 

Regarding the ratio of total soluble solids to total 

titratable acid, treatment without mulch was ranked 

first and statistically at par with mulching (at depth of 

10 cm). The effect of grass mulching depth on fruit 

shape was not detected in this study.  

3.4. Effect of different mulching depth on weed 

density 

At 30 days post transplanting, grass mulching 

significantly reduced the weed density of potted 

tomato plants at varying degrees. The effectiveness of 

grass mulching depth on weed density was in the 

order 10 cm ˃ 7cm ˃ 5 cm ˃ no mulch (Table 4). 

However, at 60 days after transplanting weed data 

was not collected as previously planned since 

negligible number of weeds emerged after weeding at 

30 days after transplanting.  Mulching depth at 7 or 

10 cm had the best effect with respect to weed control. 

3.5. Effect of grass mulch depth on substrate 

temperature and  moisture 

Table 5 summarizes the effect of mulching depth 

on substrate moisture and temperature levels.  The 

level of soil moisture increased with increase in grass 

mulch depth. 10-cm grass mulching depth maintained 

substrate moisture about 3-fold relative to no mulch 

treatment. Grass mulching at 10 cm depth reduced 

soil temperature by about 8.9°C (34.2%) compared no 

mulch treatment. With increasing mulching rates 

substrate temperature decreased while moisture 

content increased. 

Table 3. Effect of grass mulching depth on potted cherry tomato fruit quality in a plastic tunnel 

Grass mulching  

depth (cm) 

Total soluble 

solids (% brix) 

Total titratable 

acidity 

Total soluble 

solids/acid ratio 

Ratio of lateral and 

longitudinal diameter 

% fruit 

defects 

0 5.00 0.54 b 9.32 a 0.86 1.97 a 

5 4.83 0.75 a 6.47 c 0.81 2.50 a 

7 5.00 0.73 a 6.83 bc 0.85 0.87 b 

10 4.83 0.59 b 8.28 ab 0.81 0.46 b 

Means in a column followed by different letters are significantly different at p = 0.05 
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Table 4. Effect of mulching depth on weed density in 

potted tomato in plastic tunnel  

Mulching 

depth (cm) 

Weed density 

(g/m
2
) 

% Reduction in 

weed biomass 

0 15.26 a - 

5 6.42 b 57.93 b 

7 2.21 c 85.52c 

10 1.20 c 92.14c 

Means in a column followed by different letters are 

significantly different at p = 0.05. 

4. Discussion 

4.1. Growth and yield  

The yield obtained in this study was lower as 

compared to other studies on cherry tomato 

(Santamaria et al., 2003) that reported an average of 2 

kg per plant as harvesting was only done four times. 

The highest yield recorded under no mulch treatment 

is probably due to conducive rhizospheric 

temperatures coupled with adequate soil moisture. 

This study revealed that the thick grass mulch 

reduced soil temperature while it improved soil 

moisture compared to without mulch treatment. The 

two factors are expected to reduce movement of 

oxygen in the root zone. The induced hypoxic 

condition as a result of supraoptimal levels of soil 

moisture.  

Waterlogged conditions are already repoted to 

increase rate of respiration while decreasing 

photosynthetic rate (Araki et al., 2012; Manik et al., 

2019; Velasco et al., 2019; Ziska, 1998). Kawasaki et 

al. (2014) demonstrated that increased root zone 

temperature of tomatoes resulted in higher yield and 

improved uptake of phosphorus and potassium while 

lowering the uptake of nitrogen. However, reduced 

root zone temperature reduced uptake of nitrogen, 

phosphorus and potassium of tomatoes grown 

hydroponically under greenhouse conditions (Yan et 

al., 2012). In another study, Li et al. (2015) reported 

that post-soil aeration increased growth and yield of 

potted tomatoes.  

Table 5. Effect of grass mulching depth on substrate 

temperature and soil moisture of potted Cherry 

tomato fruit quality in a plastic tunnel 

Grass mulching  

depth (cm) 

% gravimetric 

soil moisture 

Soil temperature 

(
o
C) 

0 14.61 d 26.2 a 

5 22.38 c 23.4 b 

7 35.22 b 19.0 c 

10 45.73 a 17. 3 d 

Means in a column followed by different letters are 

significantly different at p = 0.05. 

This tend to support our finding that thick grass 

mulch probably reduced oxygen levels of the pot 

media by maintaining low temperatures and high 

moistures. The high soil moisture and low 

temperature induced  reduction in diffusion of oxygen 

to the plant roots (Walter et al., 2004). 

4.2. Fruit quality  

Fruit quality of tomatoes is based on physical and 

nutritional attributes. Tomato shape is one of the most 

physical qualities of tomatoes in the fresh market 

(Kays, 1999). In the current study, fruit shape was not 

affected by grass mulching depth indicating that the 

fruit roundness as estimated by the ratio of lateral and 

longitudinal diameter is largely controlled by genetic 

factors. Fruit size as indicated by weight was 

comparable to values obtained in previous studies 

(Coyago-Cruz et al., 2018).The maximum brix value 

obtained in our study was 5 lower than the one 

reported by previous studies (Santamaria et al., 2003) 

but similar to those reported by Klunklin and Savage 

(2017).  

The variation may be explained differences in 

growing conditions and varieties of tomato cultivated 

(Coyago-Cruz et al., 2018). Fruit taste and flavor are 

largely determined by total soluble solids, titratable 

acidity and the ratio of total soluble solids to titratable 

acidity (Opiyo and Ying, 2005; Tigist et al., 2013). 

Stress in growing conditions induces biosynthesis of 

organic acids in plants (Mardi et al., 2002; Klunklin 

and Savage, 2017). The current study therefore 

indicates that the stress levels in the growing 

conditions was within tolerable regimes and could not 

significantly reduce the TSS: TA ratios. It remains to 

be investigated the reasons for superior taste quality 

under no mulch. Titratable acidity decreases as the 

tomato fruit ripens (Li et al., 2015). However, Li et al. 

(2015) argued that the positive effect of post-

infiltration aeration on total soluble solids and fresh 

fruit yield is attributed to increased rhizospheric 

aeration of potted tomato plants which promoted 

stomatal conductance hence increased carboxylation. 

The rate of ripening of tomato fruits could be slower 

in plants mulched with grass under pot conditions. 

The levels of titratable acidity obtained in this study 

are similar to previous ones reported by (Li et al., 

2015).  

4.3. Soil moisture and temperature  

The lowest soil moisture obtained was 45.73% 

under no mulch treatment. This treatment did not 

significantly lower the yield and quality of tomato 

fruits. This indicates that at current irrigation regime 
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and growing conditions the moisture level did not 

pose water deficit stress. This agrees with findings of 

Sibomana et al. (2013) who demonstrated that severe 

water stress of container grown tomatoes was 

detected at 40% pot capacity. The findings of this 

study show that thicker grass mulching improves soil 

moisture conservation of potted cherry tomato due to 

reduced evapoprative losses and reduced rhizopheric 

tempertature.  the findings agrees with other studies 

that showed that organic mulches like grass or wood 

mulches are superior in soil moisture conservation 

(Xue et al., 2016; Bavougian and Reed, 2018). 

Hurd and Graves (1985) showed that the optimum 

root zone temperature for tomatoes is 15 °C. This 

implies that temperatures obtained under 7 and 10- 

cm grass mulch was near normal range. In contrast, 

the values were suboptimal according to Jones (2008). 

The peak root zone temperature for nutrient uptake in 

tomatoes is 26 °C. The root zone buffering capacity 

of soil temperature depends on the growing 

conditions. This explains the varying responses in 

different studies. This study confirmed that thicker 

the grass mulch the higher the soil moisture. Soil 

water conservation and tomato yield was better under 

grass mulch as compared to without mulch (Marinari 

et a., 2015; Moreno et al., 2016; Ogundare et al., 

2015; Zhang et al., 2019). In the current study, root 

zone temperatures and soil moistures were taken 

between 1.00-2.00 pm when ambient temperatures 

were highest. It is therefore expected the night 

rhizospheric temperatures and moisture of 

containerized tomatoes were lowest and highest, 

respectively. These conditions could have worsened 

root hypoxia and hence reduced photosynthetic 

capacity of the crop.  

4.4. Weed density  

Recently nonchemical weed control is gaining 

importance due to environmental and health concerns 

(Jabran and Chauhan, 2018; Lowry et al., 2018; Moss, 

2019; Pannacci et al., 2017). The findings of the 

study indicate that thick grass mulch density greatly 

lowers weed density. The observation may be 

ascribed to light exclusion or strong physical barrier 

to emergence of germinating weed seedlings. In a 

study conducted by Kosterna (2014), thicker straw 

mulch straw was found to be effective on weed 

management. Since grass mulch depth of 7 cm did 

not significantly differ with that of 10 cm it will be 

wise to select the former in order to reduce weed 

menace without causing yield and quality penalty of 

container grown cherry tomato. Weed density at 60 

days after transplanting could be explained by the 

robust vegetative growth of the tomato plants that 

effectively covered the pot surfaces hence no light 

penetration for the underneath weed seedlings.  

5. Conclusion  

Thick grass mulch is effective in controlling 

weeds, conserving water in pot grown tomatoes. The 

low root temperatures under thick grass mulch 

adversely affect yield performance. It would be 

prudent to investigate the influence of irrigation 

scheduling and mulching rate on yield and quality of 

pot grown cherry tomatoes. In this study 7 cm thick 

grass application appeared best for potted cherry 

tomato under plastic tunnel. From this study we can 

propose that thick grass mulch should be combined 

with low irrigation water application. Thick grass 

mulch may also be applicable during periods of high 

ambient greenhouse temperatures. 

List of Abbreviations: HCD, Horticultural Crops 

Directorate; AFA, Agriculture Food Authority; 

KNBS, Kenya National Bureau of Statistics; TSS, 

Total Soluble Solids; TA, Tritable acidity. 
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