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ABSTRACT
Background and Objective: African indigenous vegetables (AIVs) are important food crops used in
combating malnutrition and food insecurity. However, their production is constrained by poor soil fertility
caused by soil degradation and poor farming practices. The objective of this study was to evaluate the
Impacts of climate-smart agricultural practices on the yield parameters of two AIVs in Kenyan drylands
over two growing seasons. Materials and Methods: Separate research plots were laid out in randomized
complete block design and sowed with cowpeas (Vigna unguiculata L.) and black nightshade (Solanum
nigrum L.) seeds six treatments of organic manure, commercial organic fertilizers, irrigation, mulching,
farmer practices and control were used. The ANOVA was conducted on the data and post hoc analysis was
carried out for significant means using Tukey’s Honest Significant Difference (HSD)  Test  at  p#0.05.
Results: The results revealed significant differences in plant height and the primary yield across all
climate-smart treatments (p#0.05). Plots applied with dry grass mulches had significantly higher yields
followed by plots applied with organic manure (p#0.05). Control plots had the lowest amounts of yields.
The  African  indigenous  vegetables  and  pulses  yield  levels  were  significantly  influenced  by  the
climate-smart agricultural products (CSAPs) used. Conclusion: The African indigenous vegetable yield
levels were significantly influenced by the CSAP products used. Organic manure, mulching and organic
fertilizers had significantly higher yields. Control plots had the lowest yields followed by farmer’s practices.

KEYWORDS
Soil degradation, food security, malnutrition, ANOVA, organic fertilizers, organic manure, treatments

Copyright © 2023 Muthama et al. This is an open-access article distributed under the Creative Commons
Attribution License, which permits unrestricted use, distribution and reproduction in any medium, provided
the original work is properly cited.

INTRODUCTION
Generally, there is limited capacity to control the rate of climate change within the 2°C threshold
necessitating a need to cope with its effects1. Sub-Saharan Africa (SSA) is the most affected by climate
change2.

Climate change has had a significant impact on the cultivation of African indigenous vegetables resulting
in insufficient yields and food insecurity3. Established that soil degradation is the leading cause of reduced
agricultural production among smallholder  farmers.  Among  the  soil  nutrients,  nitrogen  is  the  most
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important and the most deficient mineral element. The use of inorganic fertilizers has been reported to
cause an increase  in the soil pH causing more acidity in the soil. Most crops perform well in pH levels of
6.0-7.0. Low pH levels lead to aluminium toxicity, which interferes with the uptake of other elements such
as P and Mo and reduction in soil microbial activities4. Good soil fertility improves vigorous vegetative
growth and increases leaf production. Climate-smart agricultural practices play a crucial role in enhancing
resilience, reducing greenhouse gas emissions, increasing productivity per unit area and mitigating
environmental degradation5. Notwithstanding the crucial role played by these smart practices, their
adoption by small-scale farmers has been of a lower degree, globally6.

Out of the 45,000 plant species available in SSA, 1000 of them can be eaten as leafy vegetables7.
According to Muhanji et al.8, there has been active cultivation of African indigenous vegetables in SSA for
many generations as part of the food systems. African indigenous vegetables form part of Kenyan culture
and cuisine. Common indigenous vegetables include, cowpeas, leaf amaranth, black nightshade, Jute
mallow, Crotalaria species and Cleome species9. These diverse vegetables have the potential to provide
nutrition and sustain smallholder farmers’ livelihoods. According to Ekesi10 Kenya has more than 200
species of indigenous vegetables. Indigenous vegetables are naturally dense in nutrients such as vitamins,
minerals and micronutrients11. African indigenous vegetables have several medicinal values and health
benefits such as managing stomach problems, constipation, respiratory diseases and skin ailments12. The
vegetable is able to provide a wide range of food and main dish accompaniments13. According to Yang
and Gudrun14, not much research has been done on the production aspects of AIVs despite their growing
popularity  and  diverse  health  benefits.  The  black  nightshade  (Solanum  nigrum  L)  and  cowpeas
(Vigna unguiculata L) vegetables are rich in vitamins, minerals and proteins. These leafy vegetables also
contain essential phenols and alkaloids known for their medical properties, they include, nicotine, quinine,
cocaine and morphine.

African indigenous vegetables are produced mainly on a subsistence basis, they often occupy areas
around the house, together with bananas, maize, cassava and sorghum15. Most vegetable production is
rain-fed16. Cowpeas are the most important legume owing to its main economics17. Cowpea is an
economically and nutritionally important vegetable, which can be harvested for tender and less fibrous
leaves18. Black nightshade (Solanum nigrum L) Is the second most important AIV vegetable in Kenya after
cowpeas. The production of highly nutritious vegetables has been severely affected by climate change19.

Crop cultivation in ASALs is heavily dependent on local weather dynamics, climate, land and water for its
ability  to  thrive,  agriculture  is  particularly  vulnerable  to  natural  and  environmental  disasters20.  The
ever-alarming levels of weather extremes such as droughts and floods for the last 10 years have negatively
affected agricultural production in Kenya, mostly in the ASALs. Murang’a South sub-county is centrally
located in the ASALs regions, the region has low soil fertility levels, water scarcity and very fragile soils
making it a suitable site for this study. The AIVs are highly dependent on good farming practices for good
yields21. Therefore, the purpose of this study was to determine the effects of selected climate-smart
agricultural practices on the yield of two African indigenous vegetables, cowpeas (Vigna unguiculata) and
black night (Solanum nigrum L.) in Kenyan drylands.

MATERIALS AND METHODS
Study  site  description:  The  research  work  was  carried  out  in  Ithanga  Location,  Murang’a  South
Sub-County in Murang’a County. The location of Murang’a County lies between Latitudes 0°34' South and
1°07' South and Longitudes 36°East and 37°27’ East. Ithanga Location is located in the eastern part with
semi-arid conditions. The area has two rainfall seasons per year, March to May (long rains) and October
to December (short rains). Ithanga has average temperatures ranging from 21-35°C. The study area is
characterized by sandy/clay soils with a dense population of an average of 404.5 people per square km.
The on-farm experiments were conducted during the long and short rains seasons of October to
December, 2021 and long rains of March to May, 2022.
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Plant material: The certified cowpea (M-66 variety) and black nightshade (giant leaf variety) plant
varieties used in the study are known to be drought-resistant, high-yielding and have robust vegetative
growth. Ten grams of the hybrid black nightshade seeds were sourced from the local agro vets and
propagated on-site. Two kilograms of cowpeas seeds were sourced from KALRO-Katumani.

Experimental layout: The experiments were set out in a Randomized Complete Block Design (RCBD)
consisting of six treatments replicated three times. The six treatments were, well-decomposed organic
manure,  organic  fertilizer  (lisha  organic),  surface  irrigation,  mulching  (dry  grass),  farmer  practices
(CAN and NPK 17.17.17 inorganic fertilizers) and control (no treatments). Eighteen experimental plots were
set up for each of the focal crop crops. Square plots measuring 3 m by 3 m were sowed with 243 seeds
for cowpeas and 81 seedlings for the black nightshade. Spacing of 30 cm between plants and 30 cm
between rows for uniform crop density across all plots. Thirty grams of organic manure was applied per
hole at land preparation. Five grams of inorganic fertilizer (a mixture of NPK 17:17:17 and CAN 26%). In
50% ratio procured from the local agrovets was applied two weeks after crop germination. Mulching using
dry grass materials was done two weeks after planting. Surface irrigation was done once every week using
plastic watering cans.

Planting and crop management: Three cowpeas-treated seeds were sowed per hole to increase the
chances of germination. After thinning and gapping crops, the population was maintained at 162 plants
per plot. Yellow and blue stick cards were used for monitoring insect pests. Black nightshade seedlings
were first introduced in the nurseries for effective management during the early stages of growth and to
ensure seedlings’ quality and quantity. Weeding was done by the physical removal of weeds. The weeds
were removed by handpicking. Two weeding regimes were carried out. Thinning of excess plants was done
one week after seed germination. Weak and deformed plants were removed and discarded. Gapping was
done to maintain the seed population as 162 plants per plot.

Fertilizer/manure application: Soil tests were conducted prior to planting and the fertilizers
(Organic/inorganic fertilizers) were applied in accordance with the soil test results. The soil tests were
conducted at the Kenya soil survey labs located at NARL-KALRO in Kabete.

Pest and disease control: Pest control was done through the application of broad-spectrum biopesticides
(Pyrethrin with garlic extracts) supplied by Juanco SPS Limited based in Ngong, Kajiado County. Preventive
disease control was done by fungicide application. Two regimes of fungicide application using Ridomil
gold MZ 68 WG were done at 2 weeks and 5 weeks of growth. The broad-spectrum fungicide has two
active ingredients i.e., Metalaxyl and Mancozeb.

Data collection: The efficiency of the selected climate-smart agricultural practices was determined by
comparing the yields across the treatments. Data was collected on the plant heights at the vegetative
stage and the overall primary yield at crop maturity. The weight of the harvested leaves, plant height and
primary yield were all recorded and compared across all treatments. Data was collected over a 3 month
duration for two consecutive seasons. The recorded data was entered in the Excel spreadsheet, analyzed
and compared across the six treatments.

Statistical analysis: Analysis of Variance (ANOVA) was conducted on the quantitative data collected. The
Data was analyzed using Genstat software (Genstat-Edition 22) post hoc analysis was carried out for
significant means using Tukey’s Honest Significant Difference (HSD) Test at p#0.05.

RESULTS AND DISCUSSION
Effects of climate-smart practices on the plant height in cowpeas and black nightshade: Cowpeas,
(Vigna unguiculata). There were significant differences in the heights of the cowpeas plants across the
treatments (p#0.05). Five treatments were tested in the experiments and results were compared with the
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control plots that had no treatment products applied to them. Plots treated with commercial organic
fertilizers had significantly taller plants (34.2 cm) followed by organic manure (30.17 cm) and irrigation
plots (29.00 cm) (Table 1). The plant height ranges from 24.73 to 34.20 cm. The experiments used
commercial organic fertilizer rich in N, P and K. Studies done by Shah et al.22 showed a clear correlation
between nitrogen application rate and the crop yield which was correlated with the plant’s photosynthetic
activities. Crop productivity is affected by fertilizer application23. Plots installed with the dry grass mulching
(24.73 cm) had the lowest plant heights followed by farmer’s practices (26.00) and control (28.33). The
differences in the plant heights in the two crops can be attributed to the effects of the treatments applied.
This study contradicts the works done by McCann et al.24, who revealed that mulching using plastic
mulching film materials promotes early growth.

Black nightshade (Solanum nigrum): At the vegetative stage, there were significant differences in plant
height across all the treatments p#0.05). Irrigated plots had the highest plant height at 26.33 cm followed
by organic fertilizers (20.00 cm) and organic manure (19.33 cm), respectively (Table 1). According to
Cockroft and Olsson25 crop, yields can be tripled by the use of irrigation water. Farmers’ practice plots had
the least plant height followed by mulching and control, respectively (Table 1). The plant height ranges
from a high of 26.33 cm in irrigated plots to 12.35 cm in the farmer’s practices plot. The differences in the
plant heights in the two crops can be attributed to the effects of the treatments applied. The results from
the mulched plots contradict the works done by Lamont26, who revealed that mulching using plastic film
promotes early growth farmers’ practices plots were applied with CAN and NPK inorganic fertilizers as per
the soil test results, however, the plant height was the lowest in these plots compared with all the other
treatments. The use of inorganic fertilizers has been reported to cause a decrease in the soil pH causing
more acidity in the soil. Most crops perform well in pH levels of 6.0-7.0. Low pH levels lead to Al toxicity
which interferes with the uptake of other elements such as P and Mo and reduction in the soil microbial
activities5. Black nightshade does well in the pH range of 6.0-6.5. Nightshade crops do very well in fertile
soils rich in nitrogen or phosphorus27. Good soil fertility improves vigorous vegetative growth and
increases leaf production28.

Effects of climate-smart agricultural practices on primary yield in african indigenous vegetables
(cowpeas)over two growing seasons: Cowpeas (Vigna unguiculata), in season one, during the short rains
(October to December, 2021) there were significant differences in the amount of primary yields recorded
across the various treatments (p#0.05). Mulching (3,341.67 g) recorded significantly higher yields followed
by irrigated plots (3,048.33 g), organic manure (2,756.67 g), organic fertilizers (2,441.67 g) and farmer’s
practices (1,600 g). Control (988.33 g) had the least amount of primary yields compared with the other
treatments (Table 2). Farmer’s practices plots were applied with CAN and NPK inorganic fertilizers in a ratio
of 1:1. Use of fertilizers increases the soil's natural fertility29. Fertilizers are designed to directly meet plant
needs by altering aspects of the soil's structure and pH. The quantity and quality of plant growth are
greatly improved when the right fertilizers are applied to the soils30.

Table 1: Mean plant height in cm±standard errors in cowpeas and black nightshade at the vegetative stage
Cowpeas Black nightshade

Treatment Mean height (cm)±SE Mean height (cm)±SE
Control 28.33±1.80ab 18.58±2.35ab

Farmer practices 26.00±0.68ab 12.35±2.05a

Irrigation 29.00±1.10ab 26.33±1.41b

Mulching 24.73±1.99a 15.17±2.88a

Organic fertilizer 34.20±1.58b 20.00±0.73ab

Organic manure 30.17±2.55b 19.83±2.12ab

p-value 0.00608** 4.875e-05***
Means followed by the same letters within a column are not significantly different according to the LSD Test at p = 0.05, **p-value
is less than 0.01 and ***p-value is less than 0.001
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Table 2: Mean primary weight in grams±standard errors in cowpeas under different CSAPs over two growing seasons
Cowpeas October-December, 2021 short rains seasons March-May, 2022 long rains season
Treatment Mean weight (g) ±SE Mean weight(g) ±SE
Control 988.33±0.57a 471.67±0.57a

Farmer practices 1600±0.75b 1080±0.78b

Irrigation 3048.33±0.28e 1911.67±0.75c

Mulching 3341.67±0.29f 2195±1.89cd

Organic fertilizer 2441.67±0.75c 2263.33±0.77d

Organic manure 2756.67±0.73d 2825±0.39e

p-value 1.609e-05 *** 1.609e-05 ***
Means followed by the same letters within a column are not significantly different according to the LSD Test at p#0.05 and ***p-value
is less than 0.001

In season two, there were significant differences in the primary yield recorded across all treatments
(p#0.05). Organic manure produced significantly higher yields (3,226.67 g) followed by organic fertilizer
(2758.33 g) and mulching (2690 g). Control had the least amount of yields at 471.67 grams followed by
farmer’s practice (1,080 g) and irrigated plots (1,911.67 g) (Table 2). The low yield recorded in the control
plots was due to the lack of soil fertility improvement products that were used in the other treated plots.
The differences in the primary yield in cowpeas under different treatments can be attributed to the effects
of the products applied. Climate-smart agricultural practices/products reduce pest populations, which
further improves plant health, which significantly improves yield levels. Further, the study findings indicate
that there was no significant difference in the yields recorded in control and farmer’s practices plots over
the two season periods. This means that despite the differences in rain and weather patterns over the two
seasons, failure by farmers to implement climate-smart agriculture practices will continuously result in
poor yields. Mulching, irrigation, organic manure and organic fertilizer recorded significantly different
yields over the two seasons with season one having comparatively higher yields. This could be explained
by the better rains, which were witnessed in the October to December, 2021 short rain season. The rains
diluted the nutrients supplied by mulching materials, organic manure and organic fertilizer and made
them readily available for the plant’s uptake. Inadequate supply of primary (N, P and K) nutrients leads
to poor yields31. Our Findings indicated that the weight of the harvested leaves (Table 2) was positively
impacted by grass mulch. The findings agree with the research works by Lorenzo et al.32, on mulching with
black polythene, which increased cucumber yields in comparison to plants grown in soil without mulching.
According to Jodaugiene et al.33, mulches enhance worm presence and activity which further affects crop
quality and quantity.

Effects  of  climate-smart  agricultural  practices  on  primary  yield  in  African  indigenous  vegetables
(black nightshade) over two growing seasons.

Black nightshade (Solanum nigrum), in season one, there were significant differences in the primary yield
recorded among all the treatments (p#0.05) (Table 3). Season one experiments were conducted during
the short rainfall season in October to December, 2021 while season two experiments were conducted
during the March to May, 2022 long rainfall season. There was a significant difference between the yield
levels across the two seasons and across the treatments used. Season two *** had significantly higher
primary yields (p#0.0001969) compared to season one (p#7.014e-05***). In season one, irrigated plots
recorded the highest yields (1,825 g) followed by organic fertilizer (1,683.33 g) and mulching (1,528.33 g),
respectively.  Control  (791.67  g)  had  the  lowest  amounts  of  yields  followed  by  farmer’s  practices
(1026.60 g) and organic manure (1,453.33 g) (Table 3). According to Burney and Naylor31, irrigation makes
it easier to use other productivity-boosting inputs and intensifies smallholder-farming methods. Irrigation
water dilutes available nutrients and makes them available for plant uptake. However, the heavy rains
witnessed in the short rainfall season from October to December, 2021 negatively affected the yields by
causing nutrient leaching and erosion of nutrients through surface runoff. Surface runoff leads to soil
erosion of the highly nutritious topsoil and plant nutrient depletion.
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Table 3: Mean primary weight in grams±standard errors in black nightshade under different CSAPs over two growing seasons
Black nightshade October-December, 2021 short rains seasons March-May, 2022 long rains season
Treatment Mean weight (g)±SE Mean weight (g) ±SE
Control 791.67±1.22a 1373.33±0.77a

Farmer practices 1026.6t±2.02a 1875±1.11b

Irrigation 1825±1.79c 2306.67±2.12c

Mulching 1528.33±1.71b 2690±2.10d

Organic fertilizer 1683.33±4.34bc 2758.33±3.19d

Organic manure 1453.33±1.34b 3226.67±3.54de

p-value 7.014e-05*** 0.0001969***
Means followed by the same letters within a column are not significantly different according to the LSD Test at p#0.05 and ***p-value
is less than 0.001

In season two during the long rains season (March to May, 2022), plots applied with organic manure had
significantly higher yields (3,226.67 g) followed by plots applied with the commercial organic fertilizer
(2,758.33  g),  mulching  (2,690  g), farmers’  practices  (1,875  g),  irrigation  (2,306.67  g)  and  control
(1,373.33 g). The moderate and evenly distributed rainfall in season two effectively diluted all the applied
products and made them available for the plant’s uptake. The control plots that had no products applied
in them recorded the least amount of yields followed by farmer’s practices plots that had been applied
with inorganic fertilizers (Table 3). Plots applied with organic manure had significantly higher yields
compared with all the other treatments. Soil organic carbon found in organic manure is the main
component of the soil organic matter34. Soil organic matter affects plant growth since it is a source of
energy and triggers nutrient availability through the mineralization process. Soil organic matter improves
the soil’s water-holding capacity35.

Season two had significantly higher yields compared to season one across all treatments. There were
massive rains witnessed in season one in the study sites (October to December, 2021) this created dumped
soils and probably caused nutrient leaching. Black nightshade belongs to the Solanaceae family, crops in
this family require well-drained soils for proper nutrient uptake and growth. The dump soils also lower the
soil  temperature,  which  reduces  the  plant’s  metabolic  rates  leading  to  poor  growth  and  low  yield.
Season 2 had modest rainfall, which provided well-drained soils and high temperatures, which resulted
in better crop performance. Plants manufacture their own food through the process of photosynthesis,
which  depends  on  available  nutrients  prevailing  temperatures  and  carbon  dioxide  concentrations
in  the  atmosphere.  The  highest  yield  in  crops  relies  on  the  plant’s  maximum  photosynthetic
productivity36.  The  use  of  organic  manure  resulted  in  higher  yields  compared  with  all  the  other
treatments. Soils applied with organic manure have robust microbial activity37, which further improves the
crop yield.

The study further recommends that farmers should use sustainable farming practices that preserve soil
fertility and structure and increase AIVs crop yield. Evaluation of the effectiveness of the climate-smart
agricultural practices should be carried out in the context of yield improvements among smallholder
farmers in Murang’a South.

CONCLUSION
Yield levels in the two indigenous vegetables were significantly influenced by the CSA products used.
Organic manure, mulching and commercial organic fertilizers had higher yields across all crops and
growing seasons. Control plots had the lowest yields. Based on these findings, an analysis of the crop’s
economics suggests that farmers can achieve excellent yield results with the adoption of climate-smart
agricultural practices. More research is needed on the long-term effects of CSA practices on soil structure
and fertility.
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SIGNIFICANCE STATEMENT
Kenyans have seen an increase in diet-related ailments such as diabetes and obesity. African indigenous
vegetables are micronutrient-dense and could prove a powerful weapon in the fight against obesity,
disease and poverty alleviation. Daily consumption of AIVs and pulses in their recommended portions
prevents  serious  diseases  and  safeguards  food  insecurity.  This  study  investigated  the  effects  of
climate-smart agriculture practices on the production of AIVs in Kenya’s dryland. The results showed that
the adoption of climate-smart practices such as mulching; organic manure, irrigation and the use of
organic fertilizers can significantly increase the quantity of the yields and build on farmer’s resilience and
adaptation to climate change.

ACKNOWLEDGMENT
This  work  was  made  possible  by  a  grant  from  the  DVC-RIO,  Kenyatta  University  (Grant  Number,
VC-RG-095).

REFERENCES
1. Rogelj, J., W. Hare, J. Lowe, D.P. van Vuuren and K. Riahi et al., 2011. Emission pathways consistent with

a 2°C global temperature limit. Nat. Clim. Change, 1: 413-418.
2. Cline, W.R., 2007. Global Warming and Agriculture: Impact Estimates by Country. Columbia University

Press, New York, ISBN: 9780881324808, Pages: 250.
3. Fox, D.M., R.B. Bryan and A.G. Price, 2004. The role of soil surface crusting in desertification and

strategies to reduce crusting. Environ. Monit. Assess., 99: 149-159.
4. Gachene, C.K.K. and G. Kimaru, 2003. Soil Fertility and Land Productivity: A Guide for Extension

Workers   in   the   Eastern   Africa   Region.   Regional   Land   Management   Unit,   Nairobi,   Kenya,
ISBN: 9789966896667, Pages: 146.

5. FAO, 2017. The Future of Food and Agriculture: Trends and Challenges. Food & Agriculture Org.,
Rome, Italy, ISBN: 9789251095515, Pages: 180.

6. Lipper, L., P. Thornton, B.M. Campbell, T. Baedeker and A. Braimoh et al., 2014. Climate-smart
agriculture for food security. Nat. Clim. Change, 4: 1068-1072.

7. Gotor, E. and C. Irungu, 2010. The impact of Bioversity International's African leafy vegetables
programme in Kenya. Impact Assess. Project Appraisal, 28: 41-55.

8. Muhanji, G., R.L. Roothaert, C. Webo and M. Stanley, 2011. African indigenous vegetable enterprises
and market access for small-scale farmers in East Africa. Int. J. Agric. Sustainability, 9: 194-202.

9. Abukutsa-Onyango, M., 2007. The diversity of cultivated african leafy vegetables in three communities
in Western Kenya. Afr. J. Food Agric. Nutr. Dev., Vol. 7.

10. Ekesi, S., 1999. Insecticide resistance in field populations of the legume pod-borer, Maruca vitrata
Fabricius (Lepidoptera: Pyralidae), on cowpea, Vigna unguiculata (L.), Walp in Nigeria. Int. J. Pest
Manage., 45: 57-59.

11. Afari-Sefa, V., A. Tenkouano, C.O. Ojiewo, J.D.H. Keatinge and J.D.A. Hughes, 2012. Vegetable breeding
in Africa: Constraints, complexity and contributions toward achieving food and nutritional security.
Food Secur., 4: 115-127.

12. Kokwaro, J., 2009. Medicinal Plants of East Africa. University Press, Nairobi, ISBN: 9789966846846,
Pages: 478.

13. Maundu, P.M., G.W. Ngugi and C.H.S. Kabuye, 1999. Traditional Food Plants of Kenya. Kenya Resource
Center  for  Indigenous  Knowledge,  National  Museums  of  Kenya,  Kenya,  ISBN:  9789966986146,
Pages: 270.

14. Yang, R.Y. and G.B. Keding, 2009. Nutritional Contributions of Important African Indigenous
Vegetables. In: African Indigenous Vegetables in Urban Agriculture, Shackleton, C.M., M.W. Pasquini
and A.W. Drescher (Eds.), Routledge, Oxfordshire, ISBN: 9781849770019, pp: 105-143.

https://doi.org/10.17311/tas.2023.378.386  |                 Page 384



Trends Agric. Sci., 2 (3): 378-386, 2023

15. Kimiywe, J., J. Waudo, D. Mbithe and P. Maundu, 2007. Utilization and medicinal value of indigenous
leafy vegetables consumed in urban and peri-urban Nairobi. Afr. J. Food Agric. Nutr. Dev., Vol. 7.
10.18697/ajfand.15.IPGRI2-4.

16. Banwat, M.E., L.A. Lar, J. Daboer, S. Audu and S. Lassa, 2012. Knowledge and intake of fruit and
vegetables consumption among adults in an urban community in North Central Nigeria. Nig. Health
J., 12: 12-15.

17. Langyintuo, A.S., J. Lowenberg-DeBoer, M. Faye, D. Lambert and G. Ibro et al., 2003. Cowpea supply
and demand in West and Central Africa. Field Crops Res., 82: 215-231.

18. Odhiambo, H., M. Ong'awa, J. Maangi and L. Wasilwa, 2021. Leaf yield of cowpea (Vigna unguiculata)
as influenced by harvesting regimes under greenhouse conditions.  Int.  J.  Photochem.  Photobiol.,
5: 14-18.

19. Nyariki, D.M., A.W. Mwang’ombe and D.M. Thompson, 2009. Land-use change and livestock
production challenges in an integrated system:  The  Masai-Mara  ecosystem,  Kenya.  J.  Hum.  Ecol.,
26: 163-173.

20. FAO,  2018.  The  State  of  Food  Security  and  Nutrition  in  the  World  2018:  Building  Climate
Resilience  for  Food  Security  and  Nutrition.  Food  and  Agriculture  Organization,  Rome,  Italy,
ISBN: 978-92-5-130571-3, Pages: 30.

21. Nono-Womdim, R., C. Ojiewo, M. Abang and M.O. Olouch, 2012. Good Agricultural Practices for
African    Indigenous   Vegetables.   Plant   Production   and   Protection   Division,   Rome,   Italy,
ISBN: 978-90-6605-694-7, Pages: 248.

22. Shah, A.N., Y. Wu, M. Tanveer, A. Hafeez and S.A. Tung et al., 2021. Interactive effect of nitrogen
fertilizer and plant density on photosynthetic and agronomical traits of cotton at different growth
stages. Saudi J. Biol. Sci., 28: 3578-3584.

23. Oloyede, F.M., G.O. Agbaje and I.O. Obisesan, 2013. Effect of NPK fertilizer on fruit development of
pumpkin (Cucurbita pepo Linn.). J. Exp. Agric. Int., 3: 403-411.

24. McCann,  I.,  E.  Kee,  J.  Adkins,  E.  Ernest  and  J.  Ernest,  2007.  Effect  of  irrigation  rate  on  yield
of drip-irrigated seedless watermelon in a humid region. Sci. Horticult., 113: 155-161.

25. Cockroft, B. and K.A. Olsson, 2000. Degradation of soil structure due to coalescence of aggregates in
no-till, no-traffic beds in irrigated crops. Aust. J. Soil Res., 38: 61-70.

26. Lamont, W.J., 2018. Plastics: Modifying the microclimate for the production of vegetable crops.
HortTechnol. J., 15: 477-481.

27. Ojetayo, A.E., J.O. Olaniyi, W.B. Akanbi and T.I. Olabiyi, 2011. Effect of fertilizer types on nutritional
quality of two cabbage varieties before and after storage. J. Appl. Biosci., 48: 3322-3330.

28. FAO,   1988.   FAO/UNESCO   Soil   Map   of   the   World:   Revised   Legend.   FAO,   Rome,   Italy,
ISBN: 92-5-102622-x, Pages: 119.

29. Abd El-Aziz, N.G., 2007. Stimulatory effect of NPK fertilizer and benzyladenine on growth and chemical
constituents of Codiaeum variegatum L. plant. Am.-Eurasian J. Agric. Environ. Sci., 2: 711-719.

30. Liu, W., D.W. Zhu, D.H. Liu, M.J. Geng and W.B. Zhou et al., 2010. Influence of nitrogen on the primary
and  secondary  metabolism  and  synthesis  of  flavonoids  in  Chrysanthemum  morifolium  ramat.
J. Plant Nutr., 33: 240-254.

31. Burney, J.A. and R.L. Naylor, 2012. Smallholder irrigation as a poverty alleviation tool in Sub-Saharan
Africa. World Dev., 40: 110-123.

32. Lorenzo, P., E. Medrano, J. Pérez and N. Castilla, 2001. Cucumber growth and yield as affected by
mulching in soilless culture in unheated greenhouse. Acta Hortic., 559: 107-112.

33. Jodaugienė, D., R. Pupalienė, A. Sinkevičienė, A. Marcinkevičienė, K. Žebrauskaitė, M. Baltaduonytė and
R. Čepulienė, 2010. The influence of organic mulches on soil biological properties [In Lithuanian].
Zemdirbyste-Agric., 97: 33-40.

https://doi.org/10.17311/tas.2023.378.386  |                 Page 385



Trends Agric. Sci., 2 (3): 378-386, 2023

34. Yemefack, M., V. Jetten and D. Rossiter, 2006. Developing a minimum data set for characterizing soil
dynamics in shifting cultivation systems. Soil. Tillage Res., 86: 84-98.

35. Akpa, S.I.C., I.O.A. Odeh, T.F.A. Bishop, A.E. Hartemink and I.Y. Amapu, 2016. Total soil organic carbon
and carbon sequestration potential in Nigeria. Geoderma, 271: 202-215.

36. Singh, V.K. and G. Singh, 2007. Photosynthetic efficiency, canopy micro climate and yield of
rejuvenated guava trees. Acta Hortic., 735: 249-257.

37. Jabeen, A., S. Narayan, K. Hussain, S.A. Mir and F.A. Khan, 2018. Effect of organic manures and
biofertilizers on quality of spinach beet (Beta vulgaris var. Bengalensis). Int. J. Curr. Microbiol. Appl.
Sci., 7: 1312-1317.

https://doi.org/10.17311/tas.2023.378.386  |                 Page 386


