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Evaluation of ChrysopogonAciculatus (Ritz.) Trin.  Seed for Sod Production in Ghana:An 

Assessment of Growth Performance and Post Harvest Quality. 

 

ABSTRACT 

This study examined the growth and post-harvest quality of sod produced from C. aciculatus 

seed, a popular turfgrass in Ghana. Although viable and readily available, C. aciculatus seeds are 

not commonly used, and its sod quality characteristics are unknown. The experiment was 

conducted at the College of Agriculture Education, AAMUSTED, Mampong campus, using a 3 x 

3 factorial experiment in a Randomized Complete Block Design with three replications, using a 

wooden frame system. The treatment factors were Fertilizer (10 t/ha chicken manure, 450 kg ha-

1 Foliar fertilizer, and No fertilizer) and base netting (Rubber fiber net, Jute mat, and No 

net).Results showed that chicken manure with no base net and chicken manure with rubber fiber 

net interactions provided the earliest days to seedling emergence. Chicken manure and foliar-

fertilized sods had significantly higher Clipping fresh and dry weights. Higher sod tensile 

strength, lasting, and handling quality were recorded with chicken manure and rubber fiber net 

interaction as the best performance in all instances.In conclusion, C. aciculatus seed can be used 

to produce high-quality sod, and it is recommended for commercial sod production in Ghana. 

Chicken manure and rubber fiber net interactions are the best treatments for achieving optimal 

results in C. aciculatus sod production. 

Keywords: Chrysopogonaciculatus, seed, sod lasting quality, sod tensile strength, sod handling 

quality, base netting, and growth performance. 
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1. Introduction  

Sodding is a turf establishment method that uses sod as planting material. Sod is a mat-like piece 

of lawn consisting of grass with soil bound to its roots that enables it to continue growing 

seamlessly when transplanted to another plot[1]. This approach is advantageous as it can be used 

quickly to prevent wastage[2] of material and can be established year-round with the best 

turfgrass varieties from producers. Sodding lends itself especially to the total installation or 

repair of smaller areas, producing almost instant results in areas such as football and soccer 

pitches as well as lawns[3]. 

One popular turfgrass used in many lawns and sports fields is Chrysopogonaciculatus (Retz.) 

Trin., commonly called Love grass in Ghana. It is a warm-season grass that belongs to the family 

Poaceae, subfamily Panicoideae, and tribe Andropogoneae [4]. Love grass has a distinct sod-

forming growth habit and has been extensively propagated as turf in Africa and other tropical 

regions, including Asia. However, it is classified in many advanced countries as a noxious weed 

due to its quick-spreading growth and invasive seed-forming inflorescence[5].Consequently, it 

has been largely ignored in the commercial sod production industry in most countries where sod 

is produced. 

Growing good stands of love grass mostly requires the addition of organic or inorganic fertilizers 

to improve soil nutrient levels. Organic fertilizers are preferred due to their positive impact on 

soil physicochemical properties, lower adverse impact on the environment, and availability. 

Chicken manure is a type of organic fertilizer that is high in nitrogen and phosphorus compared 

to other bulky organic manure and is relatively affordable and accessible in Ghana. In turf 

production, foliar fertilizers are also regularly used, and they can be essential when the soil 

conditions are not optimal or conducive for roots to take up nutrients[6]. 
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An alternative approach in the conventional sod production process is the use of base netting to 

provide sod strength and shorten harvesting times. Using netting and soil amendments have 

resulted in drastic improvements in the production duration of up to 2 to 3 weeks after planting 

and 9 months after planting, respectively [7, 8, and 9], when compared to the regular 

conventional methods requiring up to 2 years after planting. 

The conventional method of establishing love grass in Ghana is planting sprigs on topsoil, which 

is sometimes mixed with composted manure[10], even though the seeds of love grass are very 

prominent and easily accessible. They are usually mown together with the leaf clippings and 

discarded, completely ignoring their potential as good propagation material if saved. Its creeping 

or spreading growth style, resistance to heat, drought, and trampling could also make it ideal for 

sod production as it easily spreads and forms a mat-like growth over soil. 

Although there have been many studies on the medicinal and phytotoxic properties of C. 

aciculatus, there is a lack of literature on its qualities as a turfgrass, especially from its seed [11] 

concluded that, seeds of C. aciculatus, are nitrophilous as they exhibited a remarkable 

enhancement in germination when treated with 0.5% KNO3 solution. In a corresponding study, 

[12]studied the effects of nitrogen fertility on the performance of “Port Harcourt grass”, 

Chrysopogonaciculatus (Retz.) Trin. using tillers to determine the optimum N rate for the turf 

quality features.The study concluded that fertility rates influence turf quality characteristics 

differently. To bridge this knowledge gap, the current  study, assessed the growth and post-

harvest quality of C. aciculatus sod produced from saved seed with a recommended rate of 

chicken manure and foliar fertilizer over different base netting materials. 

2. Method 

2.1 Study area  

Comment [A1]: Long Introduction! Please give 
an essential information!! 
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From September 2020 to March 2021, the experiment was conducted at the research site of the 

College of Agriculture Education, AkentenAppiah-Menka University of Skills Training and 

Entrepreneurial Development, Mampong Campus. The study area is situated within the savannah 

transitional zone of Ghana, with an altitude of approximately 457 meters above sea level [13]. 

The area experiences an annual rainfall ranging between 1094 mm and 1200 mm, with mean 

daily and monthly temperatures of 30.50C and 32.00C, respectively [14]. The soil type in the 

study area is the Bediese series, which is sandy loam, well-drained, and has a thin layer of 

organic matter. The soil is classified as Ochrosol formed from Voltaian sandstone, and its pH 

ranges from 6.0 to 6.5 [15] 

2.2 Layout and Experimental andSet-up 

The experiment was conducted in a wooden frame system, which was used as plots for the sod. 

Each wooden frame had internal dimensions of 90 cm x 60 cm and a depth of 5 cm. To prevent 

termite damage, the frames were treated with a 2% Dursban® 4E solution. A 250 microns 

industrial black polythene sheet was used as a first layer to cover the entire experimental area 

and as a second layer to serve as a lining and protection for the wooden frames. Extra polythene 

sheets were cut into 120 cm x 80 cm pieces and placed in each frame. The soil was sieved to 

remove all debris and treated with 2% Acetastar, then covered with a transparent polythene sheet 

for two weeks before use. The study used two base netting materials, namely rubber fiber net and 

jute mats. The rubber fiber net was purchased in rolls and cut into 60 cm x 90 cm pieces, and the 

jute mats were purchased as sacks and cut into 60 cm x 90 cm mats for the experiments. River 

sand was used to fill out the spaces between the wooden frames for the experiment (Plate 1). 
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Plate1: A; a view of the study site and experimental layout. B; harvesting of sod. 
 
2.3 Experimental Design and Procedure 

The experiment was laid out in a 3 x 3 factorial randomized complete block design with three 

replications. The factors were Fertilizer (10 t/ha Chicken manure (CM)), 450 kg ha-1 Foliar 

fertilizer(F), and No Fertilizer(C) and base netting (rubber fiber net, jute, and no net). A spacing 

of 30 cm between plots and 60 cm between blocks was used. Watering was done twice daily 

(morning and evening). Weeding was done every three weeks until the grass had fully covered 

the plots.Seeds of love grass were harvested by hand from a lawn and stored in brown paper bags 

for two weeks at room temperature in the laboratory. Seeds were sown at 7 grams per plot. 

Decomposed Chicken manure and Harvestmore® Foliar fertilizer were obtained from the 

research farm of CAGRIC, AAMUSTED, and Chemico Ghana LTD in Asante Mampong, 

respectively and applied at recommended rates for the study. The decomposed Chicken manure 

was applied two weeks before sowing at a rate of 10 tons ha-1[16] and subsequently applied at 8-

week intervals. Harvestmore® Foliar fertilizer was applied on the day of planting and 

subsequently applied at weekly intervals at a rate of 450 kg ha-1. 
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2.4 Data Collection 

The sod was harvested six months after planting, which was 184 days after planting (DAP), by 

carefully lifting it from the wooden frame(Plate 1B).Data was then collected on days to seedling 

emergence, tiller length, clipping yield (both fresh and dry weight), weed load, chlorophyll 

content index (CCI), sod tensile strength, sod lasting quality, and sod handling quality. 

The days to seedling emergence were estimated by recording the number of days until the 

emergence of the seedlings was observed. Tiller length was measured by randomly selecting nine 

tillers from each frame, three in the middle and three at both ends of a frame. Clipping yield was 

measured by weighing the fresh clippings and the dry weight after drying the clippings in an 

oven in the lab at 60°C for 48 hours. Weed load was measured by hand-picking weeds from each 

frame and weighing them on an electronic scale after bagging. The Chlorophyll content index 

(CCI) of the grass was estimated using the AtLeaf® Chlorophyll meter, following the method 

outlined by [12]. The tensile strength of each sod sample was measured using a modified 

adaptation of the method used by [17] with a Sod Tensile Strength (STS) measuring device, and 

the STS readings were converted into newtons (N). Sod lasting quality was assessed by 

observing the color change of the harvested sod over a period of three weeks without being 

transplanted or watered, rated on a scale of 1-9, and sod handling quality (SHQ) was rated on a 

scale of 1 to 5, in accordance with the method used by [17]. All visual assessments were 

conducted by a trained panel of five assessors, and ratings were consistent with the assessment 

protocols of the National Turfgrass Evaluation Programme (NTEP, USA).  

2.5 Data Analysis 

After collecting the data, analysis of variance was performed using Statistix® version 10. The 

Tukey's Honestly Significant Difference (HSD) test was used to compare the treatment means at 
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a 5% level of probability to determine the statistical significance of any differences between 

treatment groups.  

3. Results  

3.1 Days to Seedling Emergence. 

The data analysis revealed that the interaction between fertilizer and base netting materials had a 

significant (p<0.05) effect on the days to seedling emergence. Specifically, chicken manure with 

no net (CM-Nonet) and chicken manure with rubber fiber net (CM-Net) interactions resulted in 

the earliest days to emergence at 14 days, while CM-Jute had the longest number of days to 

emergence at 16 days, which was significantly different from the other chicken manure treated 

plots. In contrast, foliar fertilizer treated plots had similar days to emergence of 16 and 16.33, 

while control plots emerged the latest at 17 days after sowing. 

Table 1:Days to the emergence of Chrysopogonaciculatusseedas influenced by fertilizer and 
base netting treatment. 
Treatments  Chicken manure Foiliar Control Mean 

Rubber net  14.33bc 16.00abc 17.00a 15.78a 

Jute mat 16.00abc 16.00abc 17.00a 16.33a 

No net 14.00c 16.33ab 17.00a 15.78a 

Mean 14.78b 16.11a 17.00a  

HSD: Fertilizer (0.91), Base Netting (0.9), Interaction (2.18).Means with the same superscripted letter(s) 

are not significantly different at p≤.0.05. 

3.2 Tiller length  

There were significant differences in tiller length at 60 DAP among the treatments. The highest 

(7.65cm) tiller length was recorded in the F-NET treatment while the lowest (3.91cm)  was 

recorded in the C-JUTE treatment. The chicken manure treatments (CM-Net, CM-Nonet, and 

CM-Jute) recorded similar tiller lengths, which were higher than the control treatment. These 
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results suggest that the application of foliar fertilizer and chicken manure can promote the 

growth and development of lovegrass (Table 2). 

3.3 Weed load 

The results in Table 2show that Control with no net interaction recorded the least weed load of 

17.67 g/m2 at 90 DAP, which was significantly lower (p<0.05) than F-Jute which recorded the 

highest weed load of 105.67 g/m2.The weed load recorded in each treatment reflects the ability 

of that treatment to help the lovegrass suppress weed growth. The use of foliar fertilizer and 

Chicken Manure in some treatments enhanced nutrient availability for weed growth, resulting in 

higher means in those plots. This implies that nutrient management is an important factor to 

consider when managing weed growth. 

3.4 Chlorophyll content index (CCI) 

CM-Net recorded the highest mean chlorophyll content index (CCI) of 40.28, indicating a 

healthy growth of the grass (Table 2). Conversely, control or unfertilized interaction plots 

recorded lower CCI means of 30.74, 30.78, and 31.06 for C-Net, C-Nonet, and C-Jute, 

respectively.  

 
 
 
 
 
 
 
 
 
 
 
Table 2: Tiller length, weed load, and CCI of Chrysopogonaciculatussod established on plots 
amended with fertilizers and base netting materials. 
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Treatments 

Tiller length(cm) 
60DAP 

 

Weed load(g/m2) 
90DAP 

 

CCI 
90DAP 

 
CM-Net 6.51ab 56.67bc 40.28a 

CM-Nonet 5.75ab 52.1bc 37.96a 

CM-Jute 6.31ab 45bc 36.53a 

F-Net 7.65a 49bc 40.29a 

F-Nonet 6.17ab 64.67ab 34.97ab 

F-Jute 4.07b 105.67a 30.43b 

C-Net 3.91b 40.67bc 30.74b 

C-Nonet 5.38ab 17.67c 30.78b 

C-Jute 4.55ab 47bc 31.06b 

HSD 3.24 45.01 5.39 

P-values 0.5591 0.0107 0.0210 

Means with the same superscripted letter(s) are not significantly different at p≤.0.05. 

 

3.5 Clipping Yield 

The results show that there were significant differences in clipping fresh weight (CFW) and 

clipping dry weight (CDW) between the treatments for both the first and second mowing. For the 

first mowing, F-Net had the highest CFW of 10.33g/m2, while C-Net and C-Nonet had the lowest 

of 3.33g/m2. However, after drying, CM-Net had the highest CDW of 5.33g/m2, and C-Jute had 

the lowest CDW of 0.33g/m2 for the first mowing.For the second mowing, F-Nonet had the 

highest CFW of 22.33g/m2, while CM-Nonet had the lowest of 5.33g/m2. Similarly, CM-Net had 

the highest CDW of 4.33g/m2, which was significantly different from C-Jute that had the lowest 

of 0.33g/m2. 
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Fig 1: Clipping fresh and dry weights from C. aciculatussod established from saved seed with 
different fertilizers and base netting materials. 
 

3.6 Sod Tensile strength (STS) and Sod handling quality (SHQ) 

 

According to Table 3, the combination of chicken manure and rubber fibrenet yielded the highest 

tensile strength value of 774.99 N, which was significantly (p<0.05) greater than F-Jute's 

42.48N. Conversely, the sod for foliar fertilizer and jute mat interaction was weak and easily torn 

by the STS device. F-Net and C-Net followed CM-Net sod with STS values of 415.26N and 

315.11N, respectively. These values were strong and considered acceptable for commercial sod 

production. There were significant (p<0.05) differences between treatments for sod handling 

quality (SHQ). Chicken manure and net interaction recorded the highest rating of 4.17 out of 5 

which was significantly (p≤0.05) higher than C-Jute with the least mean value (1.00). Other 

netted sods (F-Net and C-Net) obtained acceptable SHQ ratings above 3.0 as well (Table 3).   
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Table 3:Sod tensile strength and sod handling quality of Chrysopogonaciculatussod established on 
plots amended with fertilizers and base netting materials. 
 

 

Treatment 

Sod Handling Quality 

(SHQ) 

Sod Tensile Strength (STS) 

(N) 

CM-Net 4.17a 774.99a 

CM-Jute 2.67bc 163.53bc 

CM-Nonet 2.17cd 147.15bc 

F-Net 3.67ab 415.26b 

F-Jute 1.17de 42.48c 

F-Nonet 1.50de 127.53bc 

C-Net 3.33ab 340.11bc 

C-Jute 1.00e 68.67c 

C-Nonet 1.83cde 130.77bc 

HSD  1.01 336.97 

P-values  0.0298 0.0465 

Means with the same letters(s) under the same column are not significantly different (P ≤ 0.05) 
 
 
 
 

3.7 Sod Lasting Quality (SLQ) 
 
There were significant differences between treatment means after the first week of observation. 

The highest rating of 8.0 was observed in CM-Net and F-Nonet, while the least rating of 6.33 

was observed in F-Jute. However, all sods were still in an acceptable state as they had a good 

green color.At week 2, CM-Net produced the highest SLQ rating of 5.67, which was 

significantly higher than the SLQ for CM-Jute and F-Jute, which recorded the least rating of 3.0. 

However, after week 3, all ratings for SLQ were unacceptable. 
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Table 4: Effect of fertilizer and netting on lasting quality of sod  

TREATMENT WEEK 1  WEEK 2 WEEK 3 

CM-NET 8.00a 5.67a 4.00a 

F-NONET 8.00a  5.00ab 1.33b 

F-NET 7.67ab 3.67bc 2.67ab 

C-NET 7.67ab 4.33abc 1.67b 

C-NONET 7.67ab 4.33abc 1.33b 

CM-JUTE 7.00abc 3.00c 1.33b 

CM-NONET 7.00abc 4.67abc 2.67ab 

C-JUTE 6.67bc 4.33abc 1.33b 

F-JUTE 6.33c 3.00c 2.00b 

HSD 1.33 1.73 1.74 

P-values  0.0053 0.0034 0.0010 
Means with the same letters(s) under the same column are not significantly different (P ≤ 0.05) 
 
4. Discussion  
 
4.1 Days to Seedling Emergence 
 
The base netting materials alone did not significantly(p>0.05) affect the days to emergence, 

while the main effect of fertilizer had a significant difference. These results suggest that the 

combination of chicken manure with rubber fiber net and no net had the most favorable impact 

on seedling emergence, and the use of foliar fertilizer also promoted early emergence. As 

reported by [18], the application of chicken manure to the soil in sufficient amounts was found to 

have a positive impact on the emergence of onion seeds, as well as on the vegetative growth of 

the plants. This observation is consistent with the findings of [19], who studied the effect of 

chicken manure on the growth of Sorghum bicolor. In addition, [20] also reported that the rate 

and availability of chicken manure throughout the growing season was responsible for the rapid 

emergence and vegetative growth of the plant. 
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4.2 Tiller Length 

The improvement in plant growth observed in the study can be attributed to the increased 

availability of nutrients in the soil and through the leaves. The primary macronutrients, such as 

nitrogen, phosphorus, and potassium, are essential for plant growth and are typically found in 

higher concentrations in foliar fertilizers. As stated by [21], the presence of these nutrients 

promotes the formation of plant metabolites that contribute to the growth and development of the 

plant tissue. 

Foliar fertilizers are absorbed through the stomata of the leaves and transported down through 

the plant, which enhances vegetative growth and development. This mechanism could explain 

the superior performance of the F-Net treatment compared to other treatments. Additionally, 

foliar fertilization has been found to be more efficient than soil fertilization for both macro and 

micronutrients in various soil types, according to [22] Overall, the use of foliar fertilizers can 

lead to improved plant growth and yield, making it a valuable addition to traditional soil 

fertilization methods. 

4.3 Weed Load 

The exceptionally high weed load in the F-Jute treatment could be attributed to the jute mat 

initially suppressing the growth of the lovegrass as it may have absorbed and retained soil 

moisture in those plots, leading towater stress and more space for weeds to grow. After the jute 

mat had decomposed, it released nutrients back into the soil, resulting in a double supply of 

nutrients for both the grass and weeds from the foliar fertilizer and the decomposed jute mat. A 

review by [23] highlighted the role of soil fertility in weed management, noting that high levels 

of soil fertility can promote weed growth and that nutrient imbalances can also favor certain 
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weed species, highlighting the importance of considering the timing and duration of treatments 

and their impacts on nutrient availability. 

4.4 Chlorophyll Content Index (CCI) 

Generally, CCI values below 35 for C. aciculatus indicates poor plant health [12]. Organic and 

inorganic fertilizers have been found to increase chlorophyll content in plant leaves ,because  it 

has major  nitrogen (N) content [24] . Studies have also shown a positive correlation between 

chlorophyll content, carotenoid content, and N levels in plants [25]; [26]. Higher chlorophyll 

content is an indicator of healthy plant growth as it is responsible for harvesting light energy, 

stabilizing membranes, and energy transduction [27]. In addition, [12] demonstrated the 

possibility of using CCI readings obtained from ATLeaf chlorophyll meter to determine 

chlorophyll concentrations in plants, by establishing a correlation between chlorophyll a and b 

concentrations and CCI in their study. 

4.5 Clipping Yield 

Clipping yield is an important measure of grass productivity and quality, and it is commonly 

used to assess the effectiveness of different fertilization strategies. 

The results suggest that the increased nutrient level provided by chicken manure and foliar 

fertilizers may have contributed to the higher clipping yield observed in the fertilized sods. This 

is consistent with findings from previous studies such as [28],which reported higher fresh 

weights in plants treated with organic fertilizers. In addition, the CDW of the fertilized sods was 

also higher, indicating greater biomass production. This is in line with the findings of [29]who 

found that the role of nitrogen in enhancing meristematic activity and cell division can lead to 

increased vegetative growth and higher biomass yield in plants. 



 

15 
 

It is interesting to note that while CM-Net treated sod had lower CFW values, it produced a 

greater CDW than foliar treated sods, indicating higher biomass. This suggests that different 

types of fertilizers may have varying effects on the growth and yield of grass. Overall, the results 

suggest that the application of organic and inorganic fertilizers can improve clipping yield and 

biomass production in grass, which can be attributed to the increased nutrient availability 

provided by these fertilizers. 

4.6 Sod Tensile Strength and Sod Handling Quality 

The treatments exhibited significant (p<0.05) differences in sod handling quality (SHQ). The 

combination of chicken manure and net achieved the highest rating of 4.17 out of 5, which was 

significantly (p≤0.05) greater than the lowest mean value of 1.00 for C-Jute. Other netted sods 

(F-Net and C-Net) received SHQ ratings above 3.0, which were also considered acceptable. 

Rubber fiber netted sods exhibited superior tensile strength and handling quality, likely 

attributable to the strong elastic and helical nature of the net that provided robust support for the 

grass roots, leading to the formation of a strong sod. These findings align with [30] research, 

which found that fertilizer treatments generally supplied sufficient nutrients for the grass's 

vegetative growth, while the net's helical structure provided anchorage for smooth root 

establishment and improved the sod's tensile strength. Additionally, the interaction of chicken 

manure, foliar fertilizer, and control with rubber fiber net produced sods with higher handling 

quality values, suitable for turf production, as similarly rated by [31]. Furthermore, chicken 

manure and foliar fertilizer with net interactions enhanced the sod handling quality performance 

of love grass seeds, consistent with [32] findings. 

4.7 Sod Lasting Quality 
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Sod Lasting Qualityis defined as the ability of harvested sod to maintain acceptablevalueunder 

shade without transplanting or watering. Sod was visually acceptable or up to two weeks 

following its extraction. The superior lasting quality performance of Chicken manure-treated 

sods was likely attributable to increased chlorophyll content within the leaves resulting from 

adequate nitrogen availability. This factor, in turn, affects the green color of the sod and delays 

the onset of wilting or yellowing. Moreover, A higher moisture content present in the foliar and 

chicken manure sods at the time of harvest may have facilitated the preservation of the sod's 

freshness over a more extended period. [33]reported that N fertilization led to higher sod quality 

after storage, while K fertilization improved sod storage characteristics. The application of 

organic fertilizer likely contributed to the improved organic matter content and possible 

enhancement of the soil's water-holding capacity as evidenced by the presence of soil still 

attached to the roots of all sods post-harvest. Similarly, [34] identified several key factors that 

affect the storage life of Kentucky bluegrass sod. Specifically, they found that the type of soil, 

timing of harvest, and storage temperature were all critical factors that influenced the longevity 

of stored sod. 

 
5. Conclusions  
This research aimed to evaluate the growth and post-harvest quality of lovegrass (C. aciculatus) 

seed for sod production. The study found that the average time for seedling emergence was 16 

days, with the addition of chicken manure resulting in a shorter emergence time of 14 days. 

Furthermore, the use of rubber fiber netting with chicken manure and foliar fertilizer led to a 

significant improvement in various parameters, such as tiller length, CCI, and clipping biomass, 

indicating better growth performance. Additionally, the application of rubber fiber netting with 

foliar fertilizer and chicken manure enhanced the sod's tensile strength, lasting capacity, and 

Comment [A2]: No  
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handling quality, meeting commercial standards set by the National Turfgrass Evaluation 

Program (NTEP, USA). On the other hand, using jute mat as a netting material did not have any 

significant effect on the sod strength, as it decomposed quickly before harvest time. Overall, the 

findings suggest that C. aciculatus seed can be utilized for commercial sod production, and the 

addition of chicken manure and foliar fertilizer, coupled with rubber fiber netting, can 

significantly improve its growth and post-harvest handling qualities. 

 

References 

[1] Turgeon AJ. Instructional modules: Introduction to turfgrass management. [Internet]. 

Educational resources for turfgrass science, University Park, PA; 2006 [cited 2019 May 

13]. Available from: http://turfgrass.cas.psu.edu/ 

[2] Goatly MJ Jr. Sod source selection, installation, maintenance, and producers in Virginia. 

Virginia Corporative Extension. Virginia Tech. Virginia State University. 418-040; 2016. 

[3] Yi K. Economic analysis of turfgrass-sod production in Alabama [dissertation]. [Place 

unknown]: University Name; 2012. Available from: http://hdl.handle.net/10415/3229 

[4] Veldkamp JF. A revision of Chrysopogon Trin. including Vetiveria Bory (Poaceae) in 

Thailand and Malesia with notes on some other species from Africa and Australia. 

Austrobaileya. 1999;5:503-533. Available from: 

https://www.jstor.org/stable/pdf/41738927 

[5] USDA-ARS. Germplasm Resources Information Network (Grin). Online database. 

Beltsville, Maryland, USA: National Germplasm Resources Laboratory; 2003. Available 



 

18 
 

from: https://npgsweb.ars-grin.gov/gringlobal/taxon/taxonomysearch.aspx 

[6] Chakanyuka IF, Mupeti S, Pisa C, Mapope N, Parwada C, Tauro T, et al. Evaluating the 

potential effect of foliar fertilizers on cowpea growth and yield. Can J Agric Crops. 

2019;4(2):144-152. doi: 10.20448/803.4.2.144.152 

[7] Beard JB, Martin DP, M. FB. Investigation of net-sod production as a new technique. In: 

Proceedings of the Third International Turfgrass Research Conference; 1980 June 16-18; 

USGA Green Section, St. Louis, MO: Amer. Soc. of Agron. Pub; 1980. p. 353-360. 

Available from: https://doi.org/10.2135/1974.proc3rdintlturfgrass.c41 

[8] Burns RE. Techniques for rapid sod production. In: Proceedings of the Third 

International Turfgrass Research Conference; 1980 June 16-18; USGA Green Section, St. 

Louis, MO: Amer. Soc. of Agron. Pub; 1980. p. 361-366. Available from: 

https://doi.org/10.2135/1974.proc3rdintlturfgrass.c42 

[9] Carrow RN, Sills M. Tall fescue sod production with plastic netting. HortScience. 

1980;15(6):818-820. doi: 10.21273/HORTSCI.15.6.818 

[10] Asiedu JBK, Owusu-Sekyere JD, F.P., A.E. Weed control in lawns in Ghana. J Agric 

Biol Sci. 2012;7(7):1-6. https://doi.org/10.9790/2380-07710106 

[11] Jha SN, Jha PK. Germination responses of some forage species of eastern Terai, Nepal. 

Ecoprint: Int J Ecol. 2006;13:49-60. https://doi.org/10.3126/eco.v13i0.1629 

[12] Oyedeji S, Animasaun D, Yusuf K, Agboola O. Effects of nitrogen fertility on the 

performance of Port Harcourt grass (Chrysopogon aciculatus (Retz.) Trin.). Ethiop J 

Environ Stud Manag. 2017;10(8):968-979. https://doi.org/10.4314/ejesm.v10i8.1 



 

19 
 

[13] Geodatos. Mampong geographic coordinates [Internet]. [accessed 2023 Mar 31]. 

Available from: https://www.geodatos.net/en/coordinates/ghana/mampong 

[14] Ghana Statistical Service. District analytical report. Mampong Municipal. Accra 

(Ghana): Ghana Statistical Service; 2014 [accessed 2023 Mar 31]. Available from: 

http://www2.statsghana.gov.gh/docfiles/2010.%20District%20Report/Ashanti/MAMPON

G%20MUNICIPAL...pdf 

[15] Essilfie ME. Yield and storability of sweet potato (Ipomoea batatas (L.) Lam) as 

influenced by chicken manure and inorganic fertilizer [dissertation]. Legon (Ghana): 

University of Ghana; 2015 [accessed 2023 Mar 31]. Available from: 

http//ugspace.ug.edu.gh 

[16] Dani U, Budiarti ANS, Wijaya AA. Application of chicken manure dosage and plant 

growth promoting rhizobacteria on the growth and yield of shallot plants (Allium 

ascalonicum L.). IOP Conf Ser Earth Environ Sci. 2021;748:012044. 

https://doi.org/10.1088/1755-1315/748/1/012044 

[17] Han HR. Development improved turf-type bermudagrasses [master's thesis]. Stillwater 

(OK): Oklahoma State University; 2009. 

[18] Aung KTT. Influence of different types of fertilizers on yield and quality of onion seeds 

(Allium cepa L.) [dissertation]. MERAL Portal; 2014 [accessed 2023 Mar 31]. Available 

from: https://meral.edu.mm/record/926 

[19] Ismaeil FM, Abusuwar AO, El Naim AM. Influence of chicken manure on growth and 

yield of forage sorghum (Sorghum bicolor L. Moench). Int J Agric Forestry. 

2012;2(2):56-60. https://doi.org/10.5923/j.ijaf.20120202.09 



 

20 
 

[20] Dauda SN, Ajayi FA, Ndor E. Growth and yield of watermelon (Citrullus lanatus) as 

affected by poultry manure application. J Agric Soc Sci. 2008;4(3):121-124. 

[21] Mohammaddoust HR, Asghari A, Tulikov AM, Hasanzadeh M, Saidi MR. Effect of 

fertilizer application on density, dry matter and seed characteristics of garden. Pak J 

Weed Sci Res. 2008;14(1-2):73-80. 

[22] Ali MA, Abbas G, Mohy-ud-Din Q, Ullah K, Abbas G, Aslam M. Response of 

mungbean (Vigna radiata) to phosphatic fertilizer under arid climate. J Anim Plant Sci. 

2010;20(2):83-86. ISSN: 1018-7081. 

[23] Masiunas JB, Brainard DC, Mohler CL, DiTommaso A. The role of soil fertility in weed 

management: A review of concepts and practices. Weed Sci. 2020;68(2):101-117. 

https://doi.org/10.1017/wsc.2019.90. 

[24] Ullah I, Rahman J, Khan S, Ahmad I, Amin NU, Sajid M, Habib N, Alam M, Faisal S, 

Fazal-E-Ahad. Influence of organic manure on growth and yield of lettuce cultivars. 

IJAER. 2017;3(4):423-438. ISSN: 2414-8245. 

[25] Iriyani D, Nugrahan P. Kandungan klorofil, karotenoid, vitamin C, beberapa jenis 

sayuran daun pada pertanian periurban di kota Surabaya (The chlorophyll, carotenoid, 

and ascorbic acid contents in three species of vegetables, those are bayam (Amaranthus 

tricolor, L.), kangkung (. J Matematika Sains Dan Teknologi. 2014;15(2):84-90. 

http://jurnal.ut.ac.id/index.php/jmst/article/view/389. 

[26] Amujoyegbe BJ, Opabode JT, Olayinka A. Effect of organic and inorganic fertilizer on 

yield and chlorophyll content of maize ( Zea mays L .) and sorghum Sorghum bicolour ( 

L .) Moench ). Afr J Biotechnol. 2007;6(August):1869-1873. DOI: 



 

21 
 

10.5897/AJB2007.000-2278. 

[27] Shah S, Rasmus H, Matther F. Response of chlorophyll, carotenoid and SPAD-502 

measurement to salinity and nutrient stress in wheat (Triticum aestivum L.). J Agron. 

2017;7(61):1-21. https://doi.org/10.3390/agronomy7030061. 

[28] Iqbal M. Response of wheat growth and yield to various levels of compost and organic 

manure. Pak J Bot. 2008;40(5):2135-2141. 

[29] Abou KS, Gharib HS, Mohamed AA, Elhosary MA, Abdelaal KhA, HY. Combination 

of nitrogen and potassium fertilizers improve physiological and yield characters of two 

wheat cultivars. Fresenius Environ Bull. 2020;29(10):8998-9004. 

[30] Nair KP. The agronomy and economy of ginger. In: Ravindran PN, Nirmal Babu K, 

Sivaraman K, eds. Turmeric (Curcuma longa L.) and Ginger (Zingiber officinale Rosc.). 

World’s Invaluable Medicinal Spices. 1st ed. Singapore: Springer; 2019. p. 245-315. 

ISBN: 978-3-030-29188-4. https://doi.org/10.1007/978-3-030-29189-1 

[31] Warnock D, Fifarek M, Lash H. Production system impacts quality of cut poinsettia 

stems. HortScience. 2004;39(4):893-899. https://doi.org/10.21273/HORTSCI.39.4.893B 

[32] Jha P. Assessing sod production characteristics: Sod handling quality and sod tensile 

strength of warm season turfgrasses [dissertation]. Stillwater (OK): Oklahoma State 

University; 2018. 

[33] Gaussoin RE, Waddington DV, Koelling MR. Influence of N, P, and K fertilization on 

Kentucky bluegrass sod storage characteristics. Agron J. 1990;82(1):95-98. 

[34] Darrah LL, Waddington DV. Factors influencing the storage life of Kentucky bluegrass 



 

22 
 

sod. Crop Sci. 1985;25(2):226-230. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


