
 

Vol. 17(12), pp. 1547-1558, December, 2021 

DOI: 10.5897/AJAR2021.15760 

Article  Number: 03F2BA568366 

ISSN: 1991-637X 

Copyright ©2021 

Author(s) retain the copyright of this article 

http://www.academicjournals.org/AJAR 

 

 
African Journal of Agricultural  

Research 

 
 
 
 
 

Full Length Research Paper 

 

Utilisation of Zai pits and soil fertility management 
options for improved crop production in the dry 

ecosystem of Kitui, Eastern Kenya 
 

Ednah Kerubo Getare1*, Monicah Mucheru-Muna1, Felista Muriu-Ng’ang’a2 and  

Charles Kimani Ndung’u2 
 

1
Department of Environmental Science and Education, Kenyatta University, P. O. Box 43844 – 00100, GPO Nairobi, 

Kenya. 
2
Department of Environmental Science and Land Resources Management, South Eastern Kenya University, P. O. Box 

70-9010, Kitui, Kenya. 
 

Received 20 August, 2021; Accepted 8 October, 2021 
 

This study sought to address challenges faced by smallholder farmers in the drylands of Eastern Kenya 
including soil fertility decline and low profitability resulting from poor soil and water conservation 
measures. An experiment was set up at Kabati, Kitui County, Kenya in the year 2018/2019 seasons to 
evaluate the effects of the interaction of zai pits, cattle manure and fertilizer inputs on soil nutrients, 
sorghum yield and economic returns over two seasons. The field trials were set up in a randomized 
complete block design (RCBD). Eight treatments were replicated thrice with sorghum gadam variety as 
the test crop. The results indicated that total nitrogen significantly (p<0.05) reduced at the end of the 
two cropping seasons. Organic carbon significantly (p<0.05) reduced in conventional method without 
input, zai with fertilizer and zai with manure and fertilizer treatments. Soil electrical conductivity 
significantly (p<0.05) increased in zai with fertilizer, zai with manure and zai with manure and fertilizer 
treatments. Available phosphorous significantly (p<0.05) increased in conventional with manure, zai 
with fertilizer and zai with manure. Sorghum grain yields were significantly (p<05) higher in all zai 
treatments with fertility inputs compared to their conventional counterparts during the SR2018 season. 
During the SR2018 season, return to labour was significantly higher (p=0.0269, p=0.0252, p=0.0379, 
respectively) in zai treatments with fertility inputs compared to their conventional counterparts. The 
findings of this research study highlight the importance of using zai pits and the use of manure with 
mineral fertilizer supplements to improve soil fertility, enhancing crop yields and profitability. 
 
Key words: Zai, soil fertility, soil chemical properties, integrated soil fertility management, cost-benefit analysis. 

 
 
INTRODUCTION 
 
The world is currently facing food insecurity resulting from soil fertility decline, water scarcity and frequent prolonged  
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drought (Leonard et al., 2010; Ali and Erenstein, 2017; 
Ouda and Zohry, 2020). The drought events are often 
associated with climate variability negatively affecting 
crop production in the arid and semi-arid lands 
(Tumushabe, 2018). The arid and semi-arid lands 
(ASALs) are characterized with low and poorly distributed 
rainfall within the growing period, degraded soils that are 
crusted and low in nutrients negatively affecting crop 
production (Zougmoré et al., 2014). The drylands of 
Eastern Kenya generally record low crop yields resulting 
from poor degraded soils and water scarcity due to low 
and unreliable rainfall (Joshi et al., 2009; Mganga et al., 
2015). The small holder farmers in the Eastern Kenya 
region generally depend on rainfall for crop production 
which is a limiting factor during the growing season 
threatening their livelihood (Kiboi et al., 2017; Ogada et 
al., 2020). As a result of high dependence on rain-fed 
agriculture by the farmers, this subjects them to 
vulnerable climate change impacts (Adimassu and 
Kessler, 2016; Kogo et al., 2021).   

Soil fertility and water scarcity problem has driven more 
innovative approaches in agriculture to strengthen 
subsistence and food security especially among 
agricultural small holder farmers through adoption of the 
suitable technologies (Nyang’au et al., 2021). To curb the 
problem of water scarcity and low crop yields, soil and 
water conservation strategies, irrigation, planting trees 
and improved crop seeds have been used as remedies of 
climate change (Gebru et al., 2020; Wawire et al., 2021). 
The small holder farmers in the drylands of Kenya have 
used various strategies to improve soil fertility, soil water 
availability and overall crop yield hence improving the 
economic returns (Mati, 2006; Kimaru-Muchai et al., 
2020). This involves the use of soil and water 
conservation practices to improve livelihood and reduce 
vulnerability to drought (Sawadogo, 2011; Funk et al., 
2020). Water harvesting technologies such as pitting is a 
form of water conservation strategy used to improve 
water supply for agricultural use and reduce vulnerability 
in an event of prolonged drought (Liang and Van Dijk, 
2011; Patle et al., 2020). Pitting increases the moisture 
content in the soil and restores productivity in areas 
where rainfall is insufficient (Biazin et al., 2012; Kimaru-
Muchai et al., 2020; Ndeke et al., 2021). 

Zai pit a form of soil and water conservation technique 
harvests rainwater in small pits with manure buried in the 
pits to improve soil fertility as well as conserve soil 
moisture (Danjuma and Mohammed, 2015; Danso-
Abbeam et al., 2020). The pits are best suited in areas 
that have low annual rainfall ranging from 300 to 800 mm 
(Motis and Lingbeek, 2013; Mwangi, 2020). In Africa, the 
zai pit system has been used in Mali, Niger and Burkina 
Faso with studies indicating that they improve soil fertility 
over time (Zougmoré et al., 2003; Danso-Abbeam et al., 
2020). In Kenya, the most common type is the "five by 
nine" pit system with the zai pit system being promoted in 
the arid and semi-arid lands  (ASALs)  (Mati,  2006).  The  

 
 
 
 
zai pit system has been practiced in Eastern Kenya which 
has been proved successful (Kathuli and Itabari, 2014; 
Kimaru-Muchai et al., 2020). 

Declining soil fertility also remains a major biophysical 
challenge in crop production among the smallholder 
farmers in the drylands of Eastern Kenya. This is a result 
of high rates of soil erosion, continuous cultivation without 
adequate addition of fertility inputs and the removal of 
crop residues from the field (Njeru et al., 2011; Aniah et 
al., 2019; Sarkar et al., 2020). Integrated soil fertility 
management (ISFM) technologies are used to enhance 
agricultural productivity through maximizing and efficient 
use of the applied nutrients (Vanlauwe et al., 2010; Bayu, 
2020). The ISFM technologies include; use of organic 
matter, inorganic fertilizers, use of improved germplasm 
and adaptation to the local conditions to improve the soil 
properties and the overall crop yield (Ejigu et al., 2021; 
Mucheru-Muna et al., 2021). The small holder farmers in 
the drylands of Kenya commonly use crop residues, 
mineral fertilizers, farmyard manure and composts for 
short-term supply of nutrients with most farmers believing 
that the use of inorganic fertilizers is the quickest and 
surest method to supply nutrients (Mucheru-Muna et al., 
2021). 

Challenges facing small holder farmers arid and semi-
arid lands (ASALs) of Kenya include soil fertility decline, 
water scarcity, low crop yields and low economic returns. 
To address the challenges, a trial was set up in Kabati, 
Kitui County with the aim of assessing the effects of zai 
pits combined with ISFM technologies on soil nutrients, 
sorghum yields and the economic feasibility of using zai 
pits combined with integrated soil fertility management 
technologies on sorghum production within the study 
area. 
 
 
MATERIALS AND METHODS  
 
Description of the study area    
 
The experiment was conducted in Kabati, Kitui County Kenya 
(1°14'13.0"S 37°54'52.2"E) (Figure 1). The area experiences 
unreliable rainfall ranging from 250 to 1050 mm per annum. The 
rainfall pattern is bimodal with the short rains (SR) occurring 
between October and December and the long rains (LR) being 
experienced between March and May. The rest of the year is dry. 
The hot months are July-September and January-February with 
high temperatures ranging between 14 and 34°C. 

The topography of the area is described as hilly rugged uplands 
and lowlands. The general landscape of the area is flat with plains 
gently rolling down towards the east where the altitudes are as low 
as 400 m above sea level. 

The soils found at Kabati are lixisols consisting of strongly 
weathered, leached and finely textured materials with high base 
saturation (Nezomba, 2016). As described by IUSS WG WRB 
(2015), a publicly available 30-m Soil Information System of Africa, 
lixisols are classified as oxic subgroups of Alfisols with principal 
qualifiers including, gleyic, stagnic, ferralic, nudiargic, lamellic, albic, 
ferric, rhodic/chromic, xanthic, gypsic, calcic, fractic, skeletic and 
haplic. The supplementary qualifiers include abruptic, albic, ferric, 
geric, humic, hyperochric, lamellic, profondic, and stagnic. The soils  
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Figure 1. Map of the study area. 
Source: Arch GIS (2020). 

 
 
 

are formed due to chemical weathering and are found in subtropical 
to warm climate with a pronounced dry season. They are thin and 
brown with low levels of available nutrients and low organic carbon 
levels. The surface soils have low aggregate stability prone to 
erosion and slaking when exposed to raindrops. Tillage and erosion 
measures to control erosion include mulching, use of cover crops 
and terracing to conserve them. 

Kabati is in the upper midland 3-4 (semi-arid farming zone) with 
various natural resources including forests, rivers, hills and wildlife. 
The semi-arid zone has good agricultural potential used for 
agricultural production but frequent crop failures are recorded. The 
main socio-economic practices in the area include crop, livestock 
production, fish production and tourism. The main food crops grown 
in the area include legumes such  as  green  grams (Vigna  radiata), 

cowpeas (Vigna unguiculata), pigeon peas (Cajanus cajan) and 
beans (Phaseolus vulgaris). Cereals include maize (Zea mays), 
sorghum (Sorghum bicolor) and millet (Pennisetum glaucum) with 
tuber crops being cassava (Manihot esculenta) and sweet potatoes 
(Ipomoea batatas). Fruits include avocado (Persea americana), 
watermelon (Citrullus lanatus), pawpaw (Carica papaya) and 
mangoes (Mangifera indica). 
 
 
Rainfall trend over the experimental period 
 
The two growing seasons (SR2018 and LR2019) received varying 
amounts of rainfall with the total seasonal amount of rainfall 
recorded being 382.3 and 116.3 mm, respectively (Figure 2).   
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Figure 2. Rainfall distribution during the SR2018 and LR2109 seasons at Kabati, Kitui County, 
Kenya. 
Source: KMD (2020). 

 
 
 

Table 1. Treatment combinations of the experiment at Kabati, Kitui County, Kenya. 
 

Treatments  N from manure (kg ha
-1

) N and P from Inorganic fertilizer (kg ha
-1

) 

Zai pits + Manure 60 0 

Zai pits + Inorganic fertilizer 0 60 N and 60 P 

Zai pits+ Manure+ Inorganic fertilizer 30 30 N and 30 P 

Zai pits +No inputs 0 0 

Conventional + Manure 60 0 

Conventional +inorganic fertilizer 0 60 N and 60 P 

Conventional+Manure +inorganic fertilizer 30 30 N and 30 P 

Conventional + No inputs  0 0 

 
 
 
SR2018 season (October-December, 2018) received more rainfall 
compared to LR2019 (March-May, 2019) which experienced less 
rainfall. The rains in the SR2018 growing season were uniformly 
distributed with the LR2019 experiencing rain in only 10 days of the 
growing period with the rest of the season being dry.   
 
 
Experimental layout and management 
 
The experiment was laid out as a randomized complete block 
design (RCBD) with eight (8) treatments replicated thrice (Table 1). 
The plot size measured 6 by 4.5 m, a spacing of 1 m between the 
plots and 1 m for the guard zone.  The zai pits were made by 
digging out the topsoil to make 60 cm wide, 60 cm long and a depth 

of 30 cm (Danso-Abbeam et al., 2020). The topsoil was then refilled 
to a level of 15 cm before the fertility amendments were added. 
Sorghum gadam variety a drought-tolerant crop was planted at a 
spacing of 75 and 20 cm inter and intra-row, respectively and two 
sorghum plants were planted per hill. Weeding was done twice 
during the planting period by use of a hand hoe. No diseases were 
observed on the sorghum during the experimental period. Six out of 
the eight treatments, had three external fertility amendments inputs 
in both zai and conventional planting (1) Cattle manure (60 kg N ha

-

1
),

 
(2) Cattle manure (30 kg N ha

-1
) + 30 kg N ha

-1 
/ 30 kg P ha

-1
,  

and (3) 60 kg N ha
-1 

/ 60 kg P ha
-1

 were applied at the beginning of 
every season to give an equivalent of 60 kg N ha

-1 
and 60 kg P ha

-1
 

the KARLO recommended rate of N and P for sorghum totalling to 
six treatments (Karanja et al., 2014). The seventh and eight  
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Table 2. Initial soil characteristics of Kabati, Kitui County, Kenya. 
 

Parameter Min Max Mean 

Sand (%) 52 70 61 

Silt (%) 5 11 8 

Clay (%) 23 37 30 

Bulk density (g/cm
3
) 1.15 1.29 1.22 

Soil aggregate stability (MWD) mm 1.20 2.42 1.81 

TN (%) 0.31 0.46 0.39 

EC (S)_dS/m 183.8 249.8 216.8 

pH (H2O) 5.40 5.59 5.50 

OC (%) 1.07 1.45 1.26 

Phosphorous (mg kg
-1

) 6.37 12.75 9.56 
 

Min=Minimum values of each parameter, Max=Maximum value of each parameter, Mean=Average of each parameter. 
 
 
 

treatments were absolute control in both conventional and zai 
planting where no external fertility inputs were applied (Table 1). 
 
 

Data collection 
 
Soil sampling and laboratory analysis 
 
Soil sampling was done before setting up the experiments at the 
field in the SR2018 season and at the end of the LR2019 season in 
all the plots at a depth of 0 to 15 cm by use of a soil auger. The soil 
samples were collected from five different spots within the plot then 
bulked to one sample which was then analysed for total nitrogen 
(TN), soil pH, phosphorus, electrical conductivity, and organic 
carbon.   
 
 

Soil laboratory analysis 
 

Soil chemical properties 
 
The soil samples from the field were delivered to the laboratory, air-
dried and ground to pass through a 2 mm sieve.  All the laboratory 
analyses on the chemical properties of the soil were performed 
using the standard methods for analysing soils as described by 
Motsara and Roy (2008). Total nitrogen was analysed using the 
Kjeldahl method as described by Bremner (1960), available 
phosphorus (P) was measured using the Brays method, potassium 
(K) was estimated with a flame photometer, soil pH was measured 
by an electronic pH meter, the electric conductivity of the soil was 
measured by electric conductivity meter, and organic carbon (OC) 
was measured by the ignition method (Motsara and Roy, 2008). 
 
 

Soil physical properties 
 
Soil aggregate stability (dry sieving) was determined as described 
by Ekwuea et al. (2018), soil particle size was determined using the 
hydrometer method and soil bulk density was determined by core 
sampling method described by Motsara and Roy (2008). Table 2 
shows the averages for the initial soil chemical and physical 
properties at Kabati, Kitui County. 
 
 
Sorghum yields  
 
Sorghum heads were harvested at maturity from the net area of 
each plot and weighed. The sorghum heads were then sundried, 
threshed and the dry weight recorded as  well. Grain  moisture  was  

determined using a moisture meter and the grain weight was 
adjusted to 12.5% moisture content after sun drying. 
 
 
Rainfall measurement 
 
Rainfall data was collected using a simple rain gauge calibrated in 
millimetres. Daily rainfall was measured and recorded with 
monitoring visits done to ensure the accuracy of the rainfall. 
 
 
Economic analysis 
 
To evaluate the economic returns of using zai pits and integrated 
soil fertility management (ISFM) technologies on sorghum 
production, partial budgeting was used to compare the costs and 
financial benefits of each treatment. The benefits and costs with 
each treatment were evaluated using the different ISFM 
technologies with zai pits. The costs included fertility-enhancing 
inputs (manure and inorganic fertilizer), pitting and labour with 
benefits being increased sorghum yield. The inputs and outputs 
prices derived from the prevailing market prices in the area and 
values used in economic analysis are shown in Table 3. 

Detailed data on the labour requirements were collected in the 
two seasons for all the various field operations (land preparation, 
manure and fertilizer application, weeding, harvesting and pitting) 
and time taken for each activity was recorded using a stopwatch. 
Labour was valued at the local wage rate (USD man day

-1
; USD 

3.532) per working day (8 h). Net benefit, return to labour and 
benefit-cost ratio were used as the economic tools in assessing 
profitability. The net benefit, return to labour and benefit-cost ratio 
were calculated using the following formulas: 

 
Net benefits=Total benefits-Total costs 
Return to labour=Net benefits/Labour costs 
Benefit cost ratio=Net benefits/Total Cost 
 
 

Data analysis 
 

Data on sorghum yield, soil chemical properties and economic 
return were subjected to analysis of variance (ANOVA) using the 
proc procedure in SAS 9.2 software and means separated using 
standard error of differences (SED) at p<0.05. To compare the 
effects of each treatment on sorghum yield, conversion of relative 
increases compared to the control were done. Changes in yield 
were compared between the two seasons using t-test. Comparisons 
on soil  nutrients  from  soil  samples  collected at the beginning and 
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Table 3. Parameters used in cost-benefit analysis. 
 

Parameter Cost (US Dollars) 

Cost of NPK (per kg) 0.67 

Labour cost (man/day ha
-1

) 3.532 

Cost packet of sorghum seeds (2 kg) 3.36 

Price of sorghum grains (per kg) 0.76 

Cost of cattle Manure (tonnes) 5.775 
 

―Official exchange rate (September 2019)‖; 1USD=Ksh.103.9. 
 
 
 

the end of the experiments were analysed using t-test. 

 
 

RESULTS  
 

Interaction effects of pits, cattle manure and mineral 
fertilizers on selected soil chemical properties 
 

The treatments significantly (p=0.0214) reduced total 
nitrogen at the end of the experiment with electrical 
conductivity and available phosphorous increasing 
significantly (p=0.0097, p=0.0005, respectively) over the 
same period. Under the zai tillage system nitrogen 
content reduced significantly (p=0.0390, p=0.0310, 
p=0.0005, respectively) in zai pit with manure and half 
rate mineral fertilizer, zai with sole manure and zai 
without input treatments (Table 4). Under the conventional 
tillage system nitrogen content decreased significantly 
(p=0.0212, p=0.0198, p=0.0007, respectively) in 
conventional with manure and fertilizer, conventional with 
sole manure and conventional with mineral fertilizer 
treatments. Zai with fertilizer had the highest percentage 
reduction (-65.22%) and conventional with manure 
recording the lowest percentage reduction (-38.71%). 

Under the conventional tillage system, electrical 
conductivity significantly (p=0.0037, p=0.0415, p=0.0180, 
respectively) increased in conventional with fertilizer, 
conventional with manure and fertilizer and conventional 
without input. Under the zai tillage system, electrical 
conductivity significantly (p=0.0010, p=0.0175, p=0067, 
respectively) increased in zai with fertilizer, zai with sole 
manure and zai with manure and mineral fertilizer (Table 
4). Soil organic carbon (SOC) significantly (p=0.0015, 
p=0.0109, p=0.0146, respectively) reduced in 
conventional without inputs, zai with manure and mineral 
fertilizer and zai with mineral fertilizer treatments. 
Available phosphorous significantly (p=0.0258, p=0.0114, 
p=0.0266, respectively) increased in zai planting with sole 
manure, zai planting with full-rate fertilizer and 
conventional planting with sole manure treatments (Table 
4). 
 
 

Zai pits, cattle manure and mineral fertilizers 
interaction effects on sorghum yields 
 

Variation of grain and stover yields due to seasons, tillage 

systems (zai and conventional) and the different fertility 
inputs were observed over the study period. During the 
SR2018 season, sorghum grain and stover yields were 
significantly (p<0.0001, p=0.0005, respectively) influenced 
by zai pits and ISFM technologies (Table 5). During the 
LR2019 season the stover yields were significantly 
(p=0.0007) influenced by zai pits and ISFM technologies. 

The highest grain and stover yields (4.37 and 12.71 t 
ha

-1
), respectively were recorded during the short rains 

(SR2018) season while the lowest grain (0.06 t ha
-1

) and 
stover (1.29 t ha

-1
) yields were recorded during the long 

rains (LR2019) season (Table 5). The average grain and 
stover yields were higher under zai planting compared to 
conventional planting in both the SR2018 and LR2019 
seasons. During the SR2018 season, grain yield was 
highest in zai planting with manure and fertilizer (4.37 t 
ha

-1
) and lowest in conventional without inputs (2.06 t ha

-

1
) treatments. During the LR2019, the highest grain yield 

(Table 5) was recorded in zai planting with fertilizer (0.28 t 
ha

-1
) and the lowest grain yield recorded in conventional 

with manure and mineral fertilizer treatment (0.06 t ha
-1

). 
During the SR2018 season, significant higher grain 

yields were recorded in zai with mineral fertilizer, zai 
planting with sole manure and zai with manure and 
fertilizer (p=0.0027, p=0.0036, p=0.0116, respectively) 
compared to conventional with fertilizer, conventional with 
sole manure and conventional with manure and mineral 
fertilizer. During the same season, stover yields were 
significantly higher (p=0.0009) in zai planting with manure 
and mineral fertilizer as compared to conventional 
planting with manure and mineral fertilizer. During the 
LR2019 season, significantly higher stover yields 
(p=0.0498, p=0.0390, respectively) were recorded in zai 
planting with mineral fertilizer and zai with sole manure 
as compared to conventional with mineral fertilizer and 
conventional with sole manure (Table 5). 
 
 
Economic returns 
 
During the SR2018 the highest net benefit was recorded 
in zai planting with manure and mineral fertilizer (2690.51 
USD ha

-1
) and the lowest recorded in zai planting without 

input (1228.99 USD ha
-1

) in the same season (Figure 2). 
In the LR2019 season the net benefits recorded a 
negative change  (Table  6)  with  the  highest  net benefit  
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Table 4.  Soil chemical properties (0-15 cm) at the beginning of SR2018 and end of LR2019 seasons at Kabati, Kitui County, Kenya. 
 

Soil Parameter Total Nitrogen (%)  Soil pH (H2O)  Electrical conductivity (dS/m)  Organic Carbon (%)  Available Phosphorous (ppm) 

Treatments  Beg End t-test p  Beg End t-test p  Beg End t-test p  Beg End t-test p  Beg End t-test, p 

CF60 0.40
a
 0.15

a
 0.0007  5.43

a
 5.40

a
 0.7607  192.3

a
 288.3

a
 0.0037  1.28

a
 1.17

a
 0.0596  6.37

a
 18.68

a
 0.1508 

CM60 0.31
a
 0.19

bc
 0.0198  5.58

a
 5.76

a
 0.1836  194.1

a
 311.1

a
 0.2710  1.35

a
 0.82

a
 0.2602  7.11

a
 21.03

ad
 0.0266 

CMF30 0.38
a
 0.21

b
 0.0212  5.53

a
 5.63

a
 0.5950  234.8

a
 384.3

b
 0.0415  1.44

a
 0.59

a
 0.0631  15.30

a
 37.70

bd
 0.0773 

CNO 0.31
a
 0.16

a
 0.0737  5.44

a
 5.50

a
 0.7098  183.8

a
 289.5

a
 0.0180  1.07

a
 0.32

a
 0.0015  8.83

a
 20.02

a
 0.1142 

ZF60 0.46
a
 0.16

a
 0.1196  5.49

a
 5.48

a
 0.9018  210.7

a
 352.4

b
 0.0010  1.37

a
 0.87

a
 0.0146  10.20

a
 61.30

c
 0.0114 

ZM60 0.38
a
 0.18

ab
 0.0390  5.59

a
 5.87

a
 0.0909  209.9

a
 342.4

b
 0.0175  1.45

a
 0.51

a
 0.1055  11.02

a
 26.62

abd
 0.0258 

ZMF30 0.39
a
 0.19

ac
 0.0310  5.59

a
 5.66

a
 0.5648  200.2

a
 318.3

a
 0.0067  1.36

a
 0.58

a
 0.0109  8.46

a
 37.47d 0.0632 

ZNO 0.37
a
 0.19

bc
 0.0005  5.40

a
 5.36

a
 0.4557  249.8

a
 303.3

a
 0.2257  1.33

a
 0.43

a
 0.1047  12.75

a
 14.54

ad
 0.1387 

SED 0.0483 0.0112   0.1071 0.1313   18.4474 16.658   0.1729 0.1897   2.0173 5.6397  

P value 0.4011 0.0214   0.812 0.1511   0.2677 0.0097   0.8296 0.0974   0.0971 0.0005  
 

CMF30=Conventional + Cattle Manure+30 kg N ha
-1

, CNO= Conventional with no inputs, CM60=Conventional+Manure, CF60=Conventional+ 60 kg N ha
-1

, ZNO=zai with no inputs, ZMF30=zai+ Cattle 
manure+ 30 kg N ha

-1
, ZM60=zai + Manure, ZF60=zai+ 60 kg N ha

-1
. Means followed by a different letter are not significantly different p<0.05, Standard Error of Difference (SED). 

 
 
 

Table 5. Sorghum grain and stover yield during the SR2018 and LR2019 seasons at Kabati, Kitui County, Kenya. 
 

Treatment 
Grain yield (t ha

-1
)  Stover yield (t ha

-1
) 

SR2018 LR2019  SR2018 LR2019 

Conventional + Fertilizer 2.54
b
 0.24

a
  6.35

c
 2.18

bcd
 

Conventional + Manure 2.88
b
 0.10

a
  7.34

c
 1.49

cd
 

Conventional + Manure + Fertilizer 3.13
b
 0.06

a
  5.95

c
 1.85

cd
 

Conventional + No inputs 2.06
b
 0.11

a
  6.75

c
 1.29

d
 

Zai +Fertilizer 4.38
a
 0.28

a
  7.81

bc
 3.62

a
 

Zai +Manure 3.86
a
 0.18

a
  10.37

ab
 2.98

ab
 

Zai + Manure + Fertilizer 4.37
a
 0.20

a
  12.71

a
 2.33

bc
 

Zai +No inputs 3.06
b
 0.14

a
  6.74

c
 1.97

cd
 

P value <.0001 0.1209  0.0005 0.0007 

SED (0.05) 0.2908 0.0547  0.8613 0.2926 
 

Means followed by a different letter are not significantly different p<0.05; Standard Error of Difference (SED). 
 
 
 

recorded in zai with fertilizer (27.11 USD ha
-1

) and 
the lowest recorded in conventional with manure 
and fertilizer (-199.71 USD ha

-1
). During the 

SR2018 season, the highest return to  labour  was 

recorded in zai with sole manure treatment (22.60 
USD ha

-1
) and the lowest recorded in conventional 

with fertilizer treatment (7.41 USD ha
-1

). In the 
LR2019 season the highest return  to  labour  was 

recorded in zai with fertilizer treatment (0.19 USD 
ha

-1
) and the lowest in conventional with manure 

and fertilizer (-0.96 USD ha
-1

). BCR was highest in 
zai with sole manure  (17.09 USD ha

-1
) and lowest 
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Table 6. Economic returns (USD) of the different treatments during the SR2018 and LR2019 seasons. 
 

Treatment  
Labour 

cost 
SR2018 

Labour 
cost 

LR2019 

Total cost 

SR2018 

Total cost 
LR2019 

Total 
benefit 
SR2018 

Total 
benefit 
LR2019 

Net benefit 
SR2018 

Net 
benefit 
LR2019 

Return to 
labour 

SR2018 

Return 
to labour 
LR2019 

BCR 
SR2018 

BCR 
LR2019 

CF60 225.09
c
 225.09

a
 258.58

d
 258.58

a
 1930.16

b
 182.16

a
 1671.58

bc
 -76.42

ab
 7.41

d
 -0.34

ab
 6.44

d
 -0.31

a
 

CM60 141.13
e
 141.12

c
 168.85

f
 168.83

de
 2163.70

b
 71.28

a
 1994.85

abc
 -97.54

ab
 14.13

bcd
 -0.69

b
 11.81

abc
 -0.58

a
 

CMF30 207.56
d
 207.52

b
 241.48

e
 241.48

b
 2533.33

b
 41.77

a
 2291.86

ab
 -199.71

b
 11.03

cd
 -0.96

b
 9.48

cd
 -0.83

a
 

CNO 141.89
e
 141.89

c
 141.89

g
 141.89

f
 2171.43

b
 81.43

a
 2029.54

abc
 -60.46

ab
 14.29

bcd
 -0.43

ab
 14.29

abc
 -0.43

a
 

ZF60 1128.42
a
 147.3

c
 1168.61

a
 187.50

c
 3482.23

a
 214.61

a
 2313.62

ab
 27.11

a
 15.67

abc
 0.19

a
 12.31

abc
 0.15

a
 

ZM60 1094.78
b
 113.28

d
 1129.20

a
 154.39

ef
 3693.64

a
 135.71

a
 2564.44

a
 -18.68

a
 22.60

a
 -0.16

ab
 16.92

a
 -0.12

a
 

ZMF30 1125.08
a
 143.96

c
 1163.65

a
 182.54

cd
 3854.16

a
 151.93

a
 2690.51

a
 -30.61

ab
 18.92

ab
 -0.21

ab
 15.00

ab
 -0.17

a
 

ZNO 1094.27
b
 113.15

d
 1094.27

c
 113.15

g
 2323.25

b
 108.67

a
 1228.99

c
 -4.49

a
 10.87

cd
 -0.02

ab
 10.87

bcd
 -0.02

a
 

P <.0001 <.0001 <.0001 <.0001 <.0001 0.1202 0.0049 0.0393 0.0001 0.0889 0.0039 0.1088 

SED (0.05) 3.809 3.2578 6.0487 6.0916 226.7482 42.9366 227.866 42.8921 1.5772 0.2532 1.5147 0.2229 
 

CMF30=Conventional + Cattle Manure+30 kg N ha
-1

, CNO= Conventional with no inputs, CM60=Conventional+Manure, CF60=Conventional+ 60 kg N ha
-1

, ZNO=zai with no inputs, ZMF30=zai+ 
Cattle manure+ 30 kg N ha

-1
, ZM60=zai + Manure, ZF60=zai+ 60 kg N ha

-1
. Means followed by a different letter are not significantly different p<0.05; Standard Error of Difference. 

 
 
 

in conventional with fertilizer (6.34 USD ha
-1

) 
during the SR2018 season. During the LR2019 
season, BCR was highest (Table 6) in zai with 
fertilizer (0.15 USD ha

-1
) and lowest in 

conventional with manure and fertilizer (-0.83 
USD ha

-1
). 

The three economic tools, that is, the net 
benefits, return to labour and benefit cost ratio 
(BCR) were significantly (p=0.0048, p=0.0001, 
p=0.0039, respectively) influenced by zai pits and 
ISFM technologies during the SR2018 season. 
During the SR2018 season, return to labour was 
significantly higher (p=0.0269, p=0.0252, 
p=0.0379, respectively) in zai with fertilizer, zai 
with manure and zai with manure and fertilizer as 
compared to conventional with fertilizer, 
conventional with manure and conventional with 
manure and fertilizer (Table 6). 
 
 

DISCUSSION  
 

The   incorporation   of   fertility   inputs  negatively  

influenced total nitrogen with electrical conductivity 
and available phosphorous positively influenced 
by the end of LR2019 cropping season. The 
addition of manure and mineral fertilizer 
significantly reduced total nitrogen by the end of 
the two cropping seasons and this could be 
because the application of fertility inputs makes 
nitrogen readily available for plant uptake hence 
the reduction of total nitrogen in the soil. The 
reduction of total nitrogen could also be attributed 
to loss through volatilization, nitrous oxide 
emission, leaching, erosion and oxidation of 
nitrogen as reported by Pal et al. (2020). These 
results corroborated by Pasley et al. (2019) who 
noted that an increase in nitrogen fertilizer 
application increased nitrogen uptake by crops 
reducing its availability in the soil. Similarly, 
Omara et al. (2019) reported that the efficiency of 
nitrogen uptake by crops was accelerated by 
manure and fertilizer application. However, other 
studies recorded a significant increase in total 
nitrogen  in  the soil. For  instance,  Bedada  et  al. 

(2014) noted that a combination of compost and 
nitrogen, phosphorous (NP) fertilizer increased 
the stock of total nitrogen 0-10 cm compared to 
the control experiment and nitrogen phosphorous 
(NP) fertilizer alone treatments. Similarly, Mattuso 
et al. (2014), Yegon et al. (2016), Kihara et al. 
(2016) and Liu et al. (2020) reported that the 
addition of manure and mineral fertilizer increased 
total nitrogen in the soil. 

The application of sole manure increased the 
electrical conductivity of soil. This could be 
attributed to the high amounts of dissolved salts in 
manure. Soil electrical conductivity increases as a 
result of manure application is related to the high 
amounts of dissolved salts that is beneficial in 
supplying a pool of nutrients and ions into the soil.  
Similar findings have also been reported by 
Carmo et al. (2016a, b) and Miller et al. (2016) 
who indicated that electrical conductivity increased 
with manure application. 

Conversely, soil organic carbon reduced in all 
the  treatments  by  the  end  of  the  two  cropping  



 
 
 
 
seasons. This could be attributed to the slow changes in 
soil organic carbon in compacted, poorly drained soils 
and clayey soils compared to sloping and coarse-textured 
soils. Tillage also speeds up the loss of soil organic 
carbon by increasing its mineralization and loss by 
erosion. This is because mixing of soils with litter favours 
bacteria and promotes the rapid breakdown process of 
organic carbon. Tillage induced erosion of soils is also 
the cause of severe loss of soil organic carbon more 
especially in upland landscapes. Similar results have also 
been reported by Liu et al. (2003), Blanco-Canqui et al. 
(2013) and Corsi et al. (2012) who indicated that soil 
organic carbon declined significantly in the first five years 
of cultivation. Long-term experiments are required to 
detect changes in soil organic carbon because it 
responds slowly to changes in agricultural management. 
Therefore, this means that the changes may require a 
long period of time to be detected and quantify the effect 
of the management activities (Haddaway et al., 2015). A 
similar study on the changes of soil organic carbon in an 
established plantation in northern China recorded an 
initial decrease in soil carbon (Lei et al., 2019). This could 
be attributed to the loss of carbon through decomposition 
which outweighed gains of carbon from litter. 

Available phosphorous increased in treatments that had 
sole manure in zai and conventional tillage systems an 
indication that manure could have contributed to the 
increase in phosphorous in the soil. The current trend of 
results is in consonance with findings of Ali et al. (2019) 
who noted that manure application as an amendment in 
agricultural soils improved the soil physiochemical 
properties and cycling of nutrients through enhancing 
enzyme and soil microbial activities leading to improved 
phosphorous bioavailability for crop uptake. Buckley and 
Makortoff (2004) reported that manure contains about 45 
to 90% of inorganic orthophosphates a form in which 
phosphorous is taken up by plants which makes it a rich 
supplier of phosphorous into the soil.   

On average, the LR2019 season recorded lower grain 
and stover yields compared to the SR2018 season. This 
could be associated with the dry spells and prolonged 
meteorological drought that was experienced in the 
planting (LR2019) season where the cumulative rainfall 
declined (Figure 2) affecting the growth and production of 
sorghum. Similar results were also reported by 
Rockström (2010), Ibrahim et al. (2011) and Nyakudya 
and Stroosnijder (2011) who noted that low yields 
experienced were as a result of water stress which is 
often experienced by the smallholder farmers in the arid 
and semi-arid regions. 

Zai pits as a water harvesting technique increased the 
grain yields in SR2018 and this could be attributed to 
their ability to retain soil moisture and improve nutrient 
efficiency. These results were similar with Amede et al. 
(2011) and Wouterse (2017) who noted that the zai pit 
technology was an intervention used by smallholder 
farmers   to   increase   agricultural   productivity   through  
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improving precipitation capture, reduction of runoff, 
increase water infiltration and water evaporation from the 
soil. The current trend of results also corroborated by 
Kathuli and Itabari (2014) who reported that the use of zai 
pits significantly increased sorghum grain yield.  Similarly, 
Mazvimavi and Twomlow (2008) noted higher yields in 
pitting technology compared to the conventional tillage 
system. 

During the SR2018 season, grain yields were 
significantly higher in zai with full-rate fertilizer compared 
with zai without input an indication that mineral fertilizer 
significantly increased the grain yields. This could be 
because mineral fertilizer improves soil chemical and 
physical properties by increasing the availability of 
nutrients in the soil and promoting the growth of crops. 
During the same season grain yields were significantly 
higher in zai with sole manure and zai with manure and 
mineral fertilizer compared to the control. This was also 
attributed to the ability of the combination to enhance 
release of nutrients and uptake by crops. Tittonel et al. 
(2008), Kihara et al. (2017) and Mi et al. (2018) attributed 
the increase of grain yield to the use of fertilizer and 
manure. Matusso et al. (2014) linked the significant 
increase in grain yield to the ability of the combination to 
enhance the nutrient release and uptake. Amede et al. 
(2011) also reported that zai pits and a combination of 
fertilizer additions increased the yield of potatoes by 500 
to 2000% and bean yield by 250%. The application of 
manure alone or in combination with mineral fertilizer 
increased crop yield and this could be associated with the 
increase in the supply of the nutrients in the soil as well 
as the ability of the combination to enhance release of 
nutrients hence increase in nutrient availability. Chen et 
al. (2018) reported that the application of organics alone 
or a combination with mineral fertilizers led to increased 
crop yield compared to the sole mineral fertilizers. 
Elsewhere, Chivenge et al. (2011) reported an increase in 
maize yield in treatments that had a combination of 
organic resources and fertilizers (114%) and sole organic 
resources (60%). Biazin et al. (2012), Dunjana et al. 
(2012) and Kar et al. (2013) also noted that rainwater 
harvesting in combination with the use of both inorganic 
and organic inputs increases the nutrients in the soil 
improving crop productivity. 

The significant difference in the economic parameters 
between the seasons, with SR2018 performing much 
better than the LR2019 season could be as a result of the 
low grain yields recorded in LR2019 due to the prolonged 
dry spell. Ray et al. (2018) noted that drought causes 
significant reduction in yields and economic returns in 
both irrigated and rainfed crops because of the reduction 
of water and moisture available for crop growth. The 
SR2018 season had higher benefits in treatments that 
had a combination of manure and fertilizer in both 
conventional and zai tillage systems compared to the 
control. This was an indication that the combined use of 
organics and mineral fertilizers  was  economically  viable  
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to the small-holder farmers. Hobbs et al. (2011) and 
Kebede (2020) attributed the high net benefits with soil 
fertility amendments and water conservation techniques 
used in crop production. This generally explains the 
higher net benefit results in the SR2018 season that on 
average the combination of cattle manure and mineral 
fertilizers had higher net benefits than the recommended 
rate of fertilizer (Olarinde et al., 2012; Girma et al., 2020). 

The net benefits, return to labour and BCR were higher 
in zai treatments compared to conventional treatments 
with similar fertility inputs. This could be attributed to the 
water conservation and fertility technologies in the zai 
treatments which increased the overall net benefits.  
Hobbs et al., (2011) reported that zai pits has been used 
as an intervention to increase productivity by improving 
water availability and nutrient efficiency. Higher net 
benefits, return to labour and BCR were recorded in 
treatments that had a combination of manure and mineral 
fertilizer in both zai and conventional planting. This could 
be attributed to the increased supply of nutrients hence 
high productivity. Similar results have been reported by 
Mutegi et al. (2012) that on average, the combined use of 
organic inputs and mineral fertilizers had higher net 
benefit and BCR compared to the sole application of 
mineral fertilizers. Kearney et al. (2012), Ojiem et al. 
(2014), Matusso et al. (2014) and Thimmaiah et al. 
(2016) noted that greater net benefits were recorded in a 
combined application of inorganics and mineral fertilizers 
compared with the application of sole inorganics and sole 
mineral fertilizer. 

During the SR2018 season, BCR was greater than one 
in all the treatments compared with the LR2019 season 
whereby the BCR was less than one in all the treatments. 
If the BCR is greater than one, it shows that the 
technologies can be beneficial as Shively and Galopin 
(2013) reported. Higher BCR was recorded in zai planting 
with manure and zai with manure and mineral fertilizer 
compared to their conventional counterparts in the two 
cropping seasons. This could be a consideration because 
it is more economical and a feasible alternative available 
for nutrient supplementation compared to the high costs 
of purchasing inorganic fertilizers (Mucheru-Muna et al., 
2007). The combined use of fertilizer and inorganics can 
be practiced by small-holder farmers in the study area to 
supplement nutrient deficiencies due to the limited 
purchasing power of the farmers. 
 
 
Conclusion 
 

Cattle manure an amendment used to improve soil 
fertility increased soil pH in both zai pit and conventional 
planting. The application of cattle manure and mineral 
fertilizer improved the soil electrical conductivity and 
available phosphorous. Total nitrogen and organic carbon 
significantly reduced at the end of the LR2019 cropping 
season due to losses. There were also beneficial effects 
in zai planting as compared to conventional  planting  and 

 
 
 
 
combined application of manure and mineral fertilizer 
relative to applying sole fertilizer in terms of sorghum 
grain yields and economic benefits. Grain and stover 
yields were higher in zai planting compared to their 
conventional counterparts with the same fertility inputs. 
Higher net benefits, return to labour and BCR were also 
observed in treatments that had a combination of manure 
and mineral fertilizer. Rainfall variability in amount and 
distribution greatly affected sorghum yields across the 
seasons. The installation of zai pits is more labour 
intensive but the economic returns are higher in 
subsequent cropping systems compared to the 
conventional tillage system. Therefore, there is a need to 
integrate organic and inorganic fertilizer as a viable 
option and use of zai pits by the small holder farmers to 
enhance crop production and profitability. 
 
 
CONFLICT OF INTERESTS 
 

The authors have not declared any conflict of interests.   
 
 
REFERENCES 
 
Adimassu Z, Kessler A (2016). Factors affecting farmers’ coping and 

adaptation strategies to perceived trends of declining rainfall and crop 
productivity in the central Rift valley of Ethiopia. Environmental 
Systems Research 5(1): 1-16. 

Ali A, Erenstein O (2017). Assessing farmer use of climate change 
adaptation practices and impacts on food security and poverty in 
Pakistan. Climate Risk Management 16:183-194. 

Ali W, Nadeem M, Ashiq W, Zaeem M, Gilani SSM, Rajabi-Khamseh S, 
Kavanagh V, Thomas R, Cheema M (2019). The effects of organic 
and inorganic phosphorus amendments on the biochemical attributes 
and active microbial population of agriculture podzols following silage 
corn cultivation in boreal climate. Scientific Reports 9(1): 1-17 

Amede T, Menza M, Awlachew SB (2011). Zai improves nutrient and 
water productivity in the Ethiopian Highlands. Experimental 
Agriculture 47(S1):7-20.  

Aniah P, Kaunza-Nu-Dem MK, Ayembilla JA (2019). Smallholder 
farmers' livelihood adaptation to climate variability and ecological 
changes in the savanna agro ecological zone of 
Ghana. Heliyon 5(4):e01492. 

Arch GIS (2020). Landscape mapping, Surveyors of Kenya. 
https://isk.or.ke/  

Bayu T (2020). Review on contribution of integrated soil fertility 
management for climate change mitigation and agricultural 
sustainability. Cogent Environmental Science 6(1):1823631. 

Bedada W, Karltun E, Lemenih M, Tolera M (2014). Long-term addition 
of compost and NP fertilizer increases crop yield and improves soil 
quality in experiments on smallholder farms. Agriculture, Ecosystems 
and Environment 195:193-201.  

Biazin B, Sterk G, Temesgen M, Abdulkedir A, Stroosnijder L (2012). 
Rainwater harvesting and management in rainfed agricultural 
systems in sub-Saharan Africa – A review. Physics and Chemistry of 
the Earth, Parts A/B/C, (47-48):139-151.  

Blanco-Canqui H, Shapiro CA, Wortmann CS, Drijber RA, Mamo M, 
Shaver TM, Ferguson RB (2013). Soil organic carbon: The value to 
soil properties. Journal of Soil and Water Conservation 68(5):129-
134.  

Bremner JM (1960). Determination of nitrogen in soil by the Kjeldahl 
method. The Journal of Agricultural Science 55(1):11-33. 

Buckley K, Makorto M (2004). Phosphorus in Livestock Manures. In 
Advanced Silage Corn Management; Agriculture and Agri-Food 
Canada: Brandon, MB, Canada. 

Carmo  DL,  Lima  LB,  Silva  CA  (2016a).  Soil   fertility   and  electrical 



 
 
 
 

conductivity are affected by organic waste rates and nutrient inputs. 
Revista Brasileira de Ciência do Solo 40(0). 
https://doi.org/10.1590/18069657rbcs20150152 

Carmo DL, Silva CA, Lima JM, Pinheiro GL (2016b). Electrical 
conductivity and chemical composition of soil solution: Comparison of 
solution samplers in tropical soils. Revista Brasileira de Ciência do 
Solo 40(0). https://doi.org/10.1590/18069657rbcs20140795 

Chen H, Deng A, Zhang W, Li W, Qiao Y, Yang T, Zheng C, Cao C, 
Chen F (2018). Long-term inorganic plus organic fertilization 
increases yield and yield stability of winter wheat. The Crop Journal 
6(6):589-599. https://doi.org/10.1016/j.cj.2018.06.002 

Chivenge P, Vanlauwe B, Six J (2011). Does the combined application 
of organic and mineral nutrient sources influence maize productivity? 
A meta-analysis. Plant and Soil 342(1-2):1-30.  

Corsi S, Friedrich T, Kassam A, Pisante M, Sà JDM (2012). Soil organic 
carbon accumulation and greenhouse gas emission reductions from 
conservation agriculture: a literature review. Food and Agriculture 
Organization of the United Nations (FAO). 

Danjuma MN, Mohammed S (2015). Zai pit System: A catalyst for 
restoration in the drylands. Agriculture and Veterinary Science 8(2):1-
4. 

Danso-Abbeam G, Dagunga G, Ehiakpor, DS (2020). Rural non-farm 
income diversification: implications on smallholder farmers' welfare 
and agricultural technology adoption in Ghana. Heliyon 6(11):e05393. 

Dunjana N, Nyamugafata P, Shumba A, Nyamangara J, Zingore S 
(2012). Effects of cattle manure on selected soil physical properties of 
smallholder farms on two soils of Murewa, Zimbabwe. Soil Use and 
Management 28(2):221-228.  

Ejigu W, Selassie YG, Elias E, Damte M (2021). Integrated fertilizer 
application improves soil properties and maize (Zea mays L.) yield on 
Nitisols in Northwestern Ethiopia. Heliyon 7(2):e06074. 

Ekwuea EI, Anya TD, Chakansinghc A (2018). A Wet Sieving Apparatus 
for Determining Aggregate Stability of Soils. Associate 
Proffessor 46:35-40. 

Funk C, Sathyan AR, Winker P, Breuer L (2020). Changing climate-
Changing livelihood: smallholder's perceptions and adaption 
strategies. Journal of Environmental Management 259:109702. 

Gebru GW, Ichoku HE, Phil-Eze PO (2020). Determinants of 
smallholder farmers' adoption of adaptation strategies to climate 
change in Eastern Tigray National Regional State of 
Ethiopia. Heliyon 6(7):e04356. 

Girma T, Beyene S, Lemaga B, Temesgen BB (2020). Integrated 
application of organic and blended mineral fertilizers improves potato 
productivity and income for smallholder farmers in acidic 
soils. Environment and Natural Resources Research 10:1. 

Haddaway NR, Hedlund K, Jackson LE, Kätterer T, Lugato E, Thomsen 
IK, Söderström B (2015). What are the effects of agricultural 
management on soil organic carbon in boreo-temperate 
systems?. Environmental Evidence 4(1):1-29. 

Hobbs PR, Sayre K, Gupta R (2011). The role of conservation 
agriculture in sustainable agriculture. Philosophical Transactions of 
the Royal Society B: Biological Sciences 363(1491):543-555. 

Ibrahim AA, Ati FO, Adebayo AA (2011). Effect of Climate on the Growth 
and Yield of Sorghum (Sorghum bicolor) in Wailo, Ganjuwa Local 
Government Area, Bauchi State. Research Journal of Environmental 
and Earth Sciences 3(5):469-472. 

IUSS Working Group WRB (2015). World Reference Base for Soil 
Resources 2014, update 2015 International soil classification system 
for naming soils and creating legends for soil maps.World Soil 
Resources Reports No. 106. FAO, Rome. 

Joshi PK, Jha AK, Wani SP, Sreedevi TK (2009). Scaling-out community 
watershed management for multiple benefits in rainfed areas. 
Rainfed Agriculture: Unlocking the potential pp. 276-291. 
https://doi.org/10.1079/9781845933890.0276 

Kar R, Bindroo BB, Ghosh MK, Majumder SK (2013). Carbon credit in 
soil under a long-term fertilizer experiment on mulberry. Natural 
Science 11(3):77-81. 

Karanja, DR, Kisilu, RK, Kathuli P, Mutisya DL, Njaimwe AN, Keya G, 
and Ouda, J. (2014). Enhancing Sorghum production in semi-arid 
Kenya. Retrieved from Kalro.org/Sorghum-training-manual. 
https://www.kalro.org/csapp/images/Sorghum-training-manual.pdf 

Kathuli P, Itabari J (2014). In-situ soil  moisture  conservation: Utilisation 

Getare et al.            1557 
 
 
 

and management of rainwater for crop production. International 
Journal of Agricultural Resources, Governance and Ecology 
10(3):295.  

Kearney S, Fonte SJ, Salomon A, Six J, Scow KM (2012). Forty percent 
revenue increase by combining organic and mineral nutrient 
amendments in Ugandan smallholder market vegetable production. 
Agronomy for Sustainable Development 32(4):831-839.  

Kebede E (2020). Grain legumes production and productivity in 
Ethiopian smallholder agricultural system, contribution to livelihoods 
and the way forward. Cogent Food and Agriculture 6(1):1722353. 

Kiboi M, Ngetich K, Diels J, Mucheru-Muna M, Mugwe J, Mugendi D 
(2017). Minimum tillage, tied ridging and mulching for better maize 
yield and yield stability in the central Highlands of Kenya. Soil and 
Tillage Research 170:157-166.  

Kihara J, Nziguheba G, Zingore S, Coulibaly A, Esilaba A, Kabambe V, 
Njoroge N, Palm C, Huising J (2016). Understanding variability in 
crop response to fertilizer and amendments in sub-Saharan 
Africa. Agriculture, Ecosystems and Environment 229:1-12. 
http://doi:10.1016/j.agee.2016.05.012   

Kihara J, Sileshi GW, Nziguheba G, Kinyua M, Zingore S, Sommer R 
(2017). Application of secondary nutrients and micronutrients 
increases crop yields in sub-Saharan Africa. Agronomy for 
Sustainable Development 37(4). http://doi:10.1007/s13593-017-0431-
0  

Kimaru-Muchai SW, Ngetich FK, Baaru M, Mucheru-Muna MW (2020). 
Adoption and utilisation of Zai pit for improved farm productivity in 
drier upper Eastern Kenya. Journal of Agriculture and Rural 
Development in the Tropics and Subtropics 121(1):13-22. 

Kenya Meteorological Department (KMD) (2020). Kenya Meteorological 
Department, Rainfall and Temperature Data. https://meteo.go.ke/  

Kogo BK, Kumar L, Koech R (2021). Climate change and variability in 
Kenya: a review of impacts on agriculture and food 
security. Environment, Development and Sustainability 23(1):23-43. 

Lei Z, Yu D, Zhou F, Zhang Y, Yu D, ZhouY, Han Y (2019). Changes in 
soil organic carbon and its influencing factors in the growth of Pinus 
sylvestris var. mongolica plantation in Horqin Sandy Land, Northeast 
China. Scientific Reports 9(1):1-12. 

Leonard LN, Duffy C, Butt G (2010)."Data-intensive hydrologic modeling, 
A cloud strategy for integrating PIHM, GIS and web services‖ annual 
fall proceedings In AGU Fall Meeting Abstracts (Vol. 2010, pp. H53H-
08). 

Liang X, Van Dijk MP (2011). Economic and financial analysis on 
rainwater harvesting for agricultural irrigation in the rural areas of 
Beijing. Resources, Conservation and Recycling 55(11):1100-1108. 
https://doi.org/10.1016/j.resconrec.2011.06.009 

Liu XB, Han XZ, Herbert SJ, Xing B (2003). Dynamics of soil organic 
carbon under different agricultural management systems in the black 
soil of China. Communications in Soil Science and Plant Analysis 
34(7-8):973-984. 

Liu L, Li C, Zhu S, Xu Y, Li H, Zheng X, Shi R (2020). Combined 
application of organic and inorganic nitrogen fertilizers affects soil 
prokaryotic communities' compositions. Agronomy 10(1):132.  

Mati BM (2006). Overview of water and soil nutrient management under 
smallholder rain-fed agriculture in East Africa. Colombo, Sri Lanka: 
International Water Management Institute. 
http://www.iwmi.cgiar.org/Publications/Working_Papers/working/WOR
105.pdf 

Matusso J, Mugwe J, Mucheru-Muna M (2014). Effects of different 
maize (Zea mays L.) soybean (Glycine Max (L.) Merrill) intercropping 
patterns on soil mineral-N, N-uptake and soil properties. African 
Journal of Agricultural Research 9(1):42-55.  

Mazvimavi K, Towmlow S (2008). Socio economic Factors Influencing 
Adoption of Conservation Farming by Vulnerable Households in 
Zimbabwe. International Crops Research Institute for the Semi-Arid 
Tropics (ICRISAT), Bulawayo, Zimbabwe P 40. 

Mganga KZ, Musimba NKR, Nyariki DM (2015). Combining sustainable 
land management technologies to combat land degradation and 
improve rural livelihoods in semi-arid lands in Kenya. Environmental 
Management 56(6):1538-1548. 

Mi W, Sun Y, Xia S, Zhao H, Mi W, Brookes PC, Liu Y, Wu L (2018). 
Effect of inorganic fertilizers with organic amendments on soil 
chemical properties and  rice  yield  in  a  low-productivity  Paddy soil. 



1558          Afr. J. Agric. Res. 
 
 
 

Geoderma 320:23-29. 
https://doi.org/10.1016/j.geoderma.2018.01.016 

Miller J, Beasley B, Drury C, Larney, F, Hao X (2016). Surface soil 
salinity and soluble salts after 15 applications of composted or 
stockpiled manure with straw or wood chips. Compost Science and 
Utilization 25(1):36-47.  

Motis TDC, Lingbeek B (2013). Zai Pit System. Technical Note #78, 
ECHO. 
https://assets.echocommunity.org/publication_issue/3bbc0e7d-5730-
4af1-901d-3b3c68c46c48/en/tn-78-zai-pit-system.pdf 

Motsara MR, Roy RN (2008). Guide to laboratory establishment for 
plant nutrient analysis. Rome: Food and Agriculture Organization of 
the Ada United Nations. https://www.fao.org/3/i0131e/i0131e.pdf 

Mucheru-Muna M, Mugendi D, Kung’u J, Mugwe J, Bationo A (2007). 
Effects of organic and mineral fertilizer inputs on maize yield and soil 
chemical properties in a maize cropping system in Meru South 
District, Kenya. Agroforestry Systems 69(3):189-197.  

Mucheru-Muna MW, MA, Mugwe JN, Mairura FS, Mugi-Ngenga E, 
Zingore S, Mutegi JK (2021). Socio-economic predictors, soil fertility 
knowledge domains and strategies for sustainable maize 
intensification in Embu County, Kenya. Heliyon 7(2):e06345.  

Mutegi EM, Kung’u JB, Mucheru-Muna M, Pieter P, Mugendi DN (2012). 
Complementary effects of organic and mineral fertilizer(s on maize 
production in the smallholder farms of Meru south district, Kenya. 
Agricultural Sciences 3(2):221-229.  

Mwangi P (2020). A climate-smart agriculture approach using double 
digging, Zai pits and Aquacrop model in rain-fed sorghum cultivation 
at Wiyumiririe location of Laikipia County, Kenya. Africa Journal of 
Physical Sciences 4:23-53. 

Ndeke AM, Mugwe JN, Mogaka H, Nyabuga G, Kiboi M, Ngetich F, 
Mugendi D (2021). Gender-specific determinants of Zai technology 
use intensity for improved soil water management in the drylands of 
Upper Eastern Kenya. Heliyon e07217. 

Nezomba H (2016). Exploring mechanisms to restore fertility of 
degraded lixisols for enhanced crop productivity under Smallholder 
Farmer Management Systems. 
http://www.library.uz.ac.zw/handle/10646/3185 

Njeru PN, Maina I, Miruka M, Amboga JS, Gitari J, Rono B, Mahasi M, 
Murithi F (2011). Soil fertility characterization of small holder farms 
under group and individual management in Central Kenya. 
Proceedings on held at Maputo, Mozambique on 10th to 13th 
October. Africa Crop Science Conference Production 10:1-4. 

Nyakudya I, Stroosnijder L (2011). Water management options based on 
rainfall analysis for rainfed maize (Zea mays L.) production in 
Rushinga district, Zimbabwe. Agricultural Water Management 
98(10):1649-1659.  

Nyang'au JO, Mohamed JH, Mango N, Makate C, Wangeci AN (2021). 
Smallholder farmers’ perception of climate change and adoption of 
climate smart agriculture practices in Masaba South Sub-county, 
Kisii, Kenya. Heliyon 7(4):e06789. 
http://doi:10.1016/j.heliyon.2021.e06789  

Ogada MJ, Rao EJ, Radeny M, Recha JW, Solomon D (2020). Climate-
smart agriculture, household income and asset accumulation among 
smallholder farmers in the Nyando basin of Kenya. World 
Development Perspectives 18:100203. 

Ojiem J, Franke A, Vanlauwe B, De-Ridder N, Giller K (2014). Benefits 
of legume–maize rotations: Assessing the impact of diversity on the 
productivity of smallholders in western Kenya. Field Crops Research 
168:75-85. https://doi.org/10.1016/j.fcr.2014.08.004 

Olarinde LO, Oduol JB, Binam JN (2012). Impact of the adoption of soil 
and water conservation practices on crop production: Baseline 
evidence of the Sub-saharan Africa Challenge program forum for 
agricultural research in Africa (FARA), Sub-Saharan Africa Challenge 
12. Journal of Agriculture and Environmental Science 12(3):293-305. 

Omara P, Aula L, Raun WR (2019). Nitrogen Uptake Efficiency and Total 
Soil Nitrogen Accumulation in Long-Term Beef Manure and Inorganic 
Fertilizer Application. International Journal of Agronomy 2019:1-6. 
http://doi:10.1155/2019/9594369  

Ouda S, Zohry A EH (2020). Water scarcity leads to food insecurity. 
In Deficit Irrigation. Springer, Cham pp. 1-13 

 

 

 
 
 
 
Pal A, Adhikary R, Barman S, Maitra S (2020). Nitrogen transformation 

and losses in soil: A cost-effective review study for farmer. 
International Journal of Chemical Studies 8(3):2623-2626.  

Pasley HR, Cairns JE, Camberato JJ, Vyn TJ (2019). Nitrogen fertilizer 
rate increases plant uptake and soil availability of essential nutrients 
in continuous maize production in Kenya and Zimbabwe. Nutrient 
Cycling in Agroecosystems 115(3):373-389.  

Patle GT, Kumar M, Khanna M (2020). Climate-smart water 
technologies for sustainable agriculture: A review. Journal of Water 
and Climate Change 11(4):1455-1466. 

Ray RL, Fares A, Risch E (2018). Effects of drought on crop production 
and cropping areas in Texas. Agricultural and Environmental Letters 
3(1):170037.  

Rockström J, Karlberg L, Wani SP, Barron J, Hatibu N, Oweis T, 
Bruggeman A, Farahani J, Qiang Z (2010). Managing water in rainfed 
agriculture—The need for a paradigm shift. Agricultural Water 
Management 97(4):543-550 

Sarkar S, Skalicky M, Hossain A, Brestic M, Saha S, Garai S, 
Brahmachari K (2020). Management of crop residues for improving 
input use efficiency and agricultural sustainability. 
Sustainability 12(23):9808. 

Sawadogo H (2011). Using soil and water conservation techniques to 
rehabilitate degraded lands in northwestern Burkina Faso. 
International Journal of Agricultural Sustainability 9(1):120-128.  

Shively G, Galopin M (2013). An overview of benefit-cost 
analysis. Accessed online at http://www. agecon. purdue. 
edu/staff/Shively/COURSES/AGEC406/reviews/bca. htm.  

Thimmaiah M, Kumar MD, Nandish MS, Veeranna HK (2016). Effect of 
integrated nutrient management on growth, yield and economics of 
rain-fed finger millet. Green Farming 7(4):875-879. 

Tittonell P, Shepherd K, Vanlauwe B, Giller K (2008). Unraveling the 
effects of soil and crop management on maize productivity in small 
holder agricultural systems of western Kenya—An application of 
classification and regression tree analysis. Agriculture, Ecosystems 
and Environment 123(1-3):137-150.  

Tumushabe JT (2018). Climate change, food security and sustainable 
development in Africa. In The Palgrave Handbook of African politics, 
governance and development (pp. 853-868). Palgrave Macmillan, 
New York. 

Vanlauwe B, Bationo A, Chianu J, Giller K, Merckx R, Mokwunye U, 
Ohiokpehai O, Pypers P, Tabo R, Shepherd K, Smaling E, Woomer P, 
Sanginga N (2010). undefined. Outlook on Agriculture 39(1):17-24.  

Wawire AW, Csorba Á, Tóth JA, Michéli E, Szalai M, Mutuma E, Kovács 
E (2021). Soil fertility management among smallholder farmers in 
Mount Kenya East region. Heliyon 7(3):e06488. 

Wouterse F (2017). Empowerment, climate change adaptation, and 
agricultural production: Evidence from Niger. Climatic Change 145(3-
4):367-382.  

Yegon R, Mtakwa P, Mrema G, Ngetich F (2016). Planting pits’ effects 
on soil nutrients in a sorghum and pigeon pea rotation in semi-arid 
areas of eastern Kenya. International Journal of Plant and Soil 
Science 13(5):1-10.  

Zougmoré R, Jalloh A, Tioro A (2014). Climate-smart soil water and 
nutrient management options in semiarid West Africa: a review of 
evidence and analysis of stone bunds and Zai techniques. Agriculture 
and Food Security 3(1):16.  

Zougmoré R, Zida Z, Kambou N (2003). Role of nutrient amendments in 
the success of half-moon soil and water conservation practice in 
semiarid Burkina Faso. Soil and Tillage Research 71(2):143-149.  

 
 


