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ABSTRACT 
Subsurface water retention technology (SWRT), a polyethylene membrane-based technology, is 
known to enhance water retention and potentially reduce nutrient leaching beyond the root zone, 
thus improving crop yields, but its effect on greenhouse gas (GHG) emissions remains unclear. This 
study therefore evaluated the impact of SWRT on soil carbon dioxide (CO2), nitrous oxide (N2O) 
and methane (CH4) fluxes over two growing seasons (November 2021 to March 2022 and April to 
August 2022) using maize (Zea mays) as a test crop under rain-fed conditions. This study used six 
replicate farms in Makueni County, Kenya. In each farm, SWRT were manually installed in two 
plots, and the control was represented by a plot with no SWRT, with each plot measuring 20 by 10 
m. Static chambers were installed, and GHG samples were collected bi-weekly to determine CH4, 
CO2, and N2O fluxes. SWRT plots emitted lower GHG during both growing seasons than the control 
plots. The mean daily emissions from SWRT plots ranged between -3.54 to -0.009 g CH4-C ha-1 day-

1, 1790 to 5790 g CO2-C ha-1 day-1 and -0.07 to 2.69 g N2O-N ha-1 day-1 for CH4, CO2 and N2O, 
respectively. For the control plots CH4, CO2 and N2O emissions ranged between -4.02 to -1.44 g 
CH4-C ha-1 day-1, 1980 to 5880 g CO2-C ha-1 day-1 and -0.49 to 40.47 g N2O-N ha-1 day-1, respectively. 
Significantly higher plant height, leaf area index (LAI) and aboveground biomass were recorded in 
SWRT than the control. In both seasons, the differences in N2O, CH4 and CO2 between SWRT and 
control were however non-significant. As SWRT improved maize growth parameters, it can be 
regarded as a climate-friendly option as it improves crop growth on sandy soils without increasing 
GHG emissions.  
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1.0 Introduction  
Agriculture significantly contributes to global warming by emitting greenhouse gases (GHGs) such 
as Carbon dioxide (CO2), Methane (CH4) and nitrous oxide (N2O), which result in climate change 
and variability. Globally, the emission of GHGs is increasing, with agriculture accounting for 14-
17% of the total GHG emitted from human activities (Ciais et al., 2011). The atmospheric 
concentration of GHGs is expected to increase by 50% from 25.5 billion metric tons (GtCO2) in 
2000 to 51 billion metric tons (GtCO2) in 2030, with more climate impacts, including increased 
drought occurrences and erratic rainfall resulting in reduced crop yields, thus increasing food 
insecurity (Agovino et al., 2019). Despite N2O and CH4 being emitted in low quantities compared 
to CO2, they substantially contribute to global warming (Smith et al., 2021) since they have higher 
global warming potentials than CO2. Over a 100-year time horizon, CO2 have 28 and 265 times 
lower global warming potential (GWP) than CH4 and N2O respectively (IPCC, 2014). Croplands 
influence atmospheric concentration of GHG by acting as either a source or sink (Eregae et al., 
2017). Therefore, soil remediation practices aimed at enhancing soil health and crop productivity 
can influence GHG emission levels by affecting soil drivers of GHG emissions.  
 
In agricultural soils, anaerobic conditions mainly drive methane emission and is influenced by the 
soil temperature, bulk density, and carbon content (Hachem and Kang, 2023). Nitrification-
denitrification processes are the main drivers of N2O production in soil (Chelangat et al., 2024). 
While soil rewetting enhances denitrification, transitioning from wet to dry conditions boosts 
nitrification (García-Gutiérrez et al., 2023). Other factors  regulating N2O emission include soil pH, 
water, temperature and the availability of substrate and soil aeration (Zhang et al., 2023). Soil 
water alters the amount of available air spaces thereby affecting diffusion of oxygen and affecting 
the release of N2O. According to Prakash and Shimrah (2023) about 10% of global atmospheric 
CO2 diffuses through upland soils every year in addition to the large amount of carbon stored in 
soil. Furthermore, soil can emit CO2 through various process such as soil organic matter 
mineralization and respiration by both roots and mycorrhiza (Chataut et al., 2023). The soil water 
management practices as well as fertilizer use among smallholder farmers can affect soil 
characteristics with potential to influence GHG emission on Sandy soils.  
 
Sandy soils are among the highly drained soils considered unsuitable for crop farming due to their 
poor nutrient and water retention capacity. The high permeability constrains rain-fed crop farming 
on sandy soils (Khanh et al., 2024). Despite efforts to enhance sandy soil`s productivity through 
fertilizer application and irrigation, the water and nutrients are still leached beyond crop rootzone 
due to the high permeability. To overcome these challenges with sandy soil, various technologies 
have been developed and demonstrated to enhance soil health and crop productivity on sandy 
soils. Some of these technologies include the application of biochar, mulching, mixing of clay with 
the topsoil, use of asphalt barriers, underground installation of leaky pots, and installation of 

https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.4314/jagst.v23i5.5


       Journal of Agriculture Science & Technology                                            JAGST 23 (5) 2024 76 - 92                                                                                                   
 
 

                                                                                    Subsurface Water Retention Limits Emissions 

 

URL: https://ojs.jkuat.ac.ke/index.php/JAGST   78 
ISSN 1561-7645 (online) 
doi: 10.4314/jagst.v23i5.5 

 
 
 

polythene (Ismail and Ozawa, 2007; Kavdir et al., 2014; Kalu et al., 2021). Subsurface water 
retention technology (SWRT) has recently been introduced and tested in different countries across 
the globe including the USA, China, India, and Egypt, and it has shown potential to improve crop 
productivity in sandy soils (Al-rawi et al., 2017; Mushab and Almasaf, 2019; Salim and Almasraf, 
2019; Abdullah and Almasraf, 2020; Aoda et al., 2021). SWRT reduces irrigation water needs by 
retaining at least 50% of soil moisture within the crop rhizosphere (Miller and Smucker, 2015). 
Demirel and Kavdır (2013)  reported that SWRT retained 52% of irrigation water and improved turf 
grass yield and quality, and when combined with precision irrigation, SWRT increased crop yield 
by 89% (Aoda, Ati and AL-Rawi, 2018). SWRT offers a good climate adaptation strategy by 
conserving rainwater. However, besides the climate adaptation function, the increase in soil 
moisture and nutrient retention in the crop root-zone might affect microbial activity leading to 
changes in GHG emissions. Thus the need to evaluate the effect of SWRT on the emission of GHGs 
on sandy soil.   
This study investigated the effect of SWRT on GHG emissions on maize fields in semi-arid land. We 
hypothesize that the increased soil moisture retention due to SWRT will increase GHG emissions. 
This hypothesis is based on the premise that enhanced soil moisture can create conditions 
conducive to microbial activity, potentially leading to higher emissions of CH4, N2O and CO2. 
Specifically, the study assessed CH4, CO2, and N2O emission levels on sandy soils in semi-arid and 
under rain-fed maize production in Makueni county, Kenya. We also measured maize growth and 
yield indicators such as plant height, leaf area index and grain yields.  
 
2.0 Materials and methods 
2.1 The study area 
This study was conducted in six purposively selected farms in Kibwezi East Constituency, Makueni 
County, Kenya (Fig. 1). The county has an arid and semi-arid climate, which is characterized by 
severe water scarcity, high food insecurity and low adaptive and resilience potential to the changes 
and variability in climatic patterns (Muema et al., 2018). The lowlands, where experiments were 
done, receive 150-650 mm of rainfall per annum, with the long and short rains occurring from 
March to April and November to December, respectively (Recha et al., 2016). Two sites were 
selected in the lowlands to evaluate the effect of SWRT on GHG flux. The study area experiences 
frequent droughts, which constrain crop farming, a livelihood source depended upon by 
communities in the region.  
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Fig. 1: The study sites on selected farms in Kibwezi East Constituency, Makueni County, Kenya. 

 
2.2 Site selection, field management and soil characterization 
Six replicate farms were selected to examine the impact of SWRT on GHG emissions and crop 
parameters. The selection included only those with sandy soil to at least 1-meter depth. This was 
determined by sampling at 15 cm intervals up to a depth of 120 cm and testing soil texture by 
quick field test method (Jaja, 2016) in each plot. The samples were analyzed for soil organic carbon 
(SOC), total nitrogen (TN), and texture at the CropNuts laboratory in Limuru, Kenya.  
In each farm, SWRT were installed in two plots, and one was used as a control (without SWRT), 
with each plot measuring 20 by 10 m. The SWRT is made of polyethylene membrane and ware 
manually installed at alternating depths of 40 and 60 cm subsurface.  
 
Plots were ploughed using hand held-hoe, one week before planting, at the beginning of each 
season. Maize was then planted at within and between rows spacing of 30 cm and 90 cm 
respectively. Three weeks after planting the maize were top dressed using Calcium Ammonium 
Nitrate (CAN) at 70Kg N/ha. Weeding was done twice, the first and the second done at three and 
six weeks after planting respectively. Field management practices were similar in both growing 
seasons.  
 
To monitor the physical changes in the soil brought by SWRT, the soil moisture and soil 
temperature were also recorded using the TERROS 11 moisture sensors during both growing 
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seasons. The measurements were automatically detected, recorded, and stored in the data logger 
every 30 minutes throughout the growing period. Other meteorological data captured by the data 
logger included air temperature, rainfall, and air pressure. 
 
2.3 Soil GHG sampling  
Greenhouse gas samples were collected for flux determination over two maize growing seasons 
using the static chamber method (Rosenstock et al., 2016). Each chamber had two parts, the base 
and a lid, both made of PVC plastic. The lid had a small fan for adequately mixing the gases in the 
chamber headspace while a foam gasket was used to tightly seal the base and the lid. The balance 
in pressure between chamber headspace and the atmosphere was maintained using vent fixed on 
the lid. Additionally, the lid had a gas pooling port sealed with silicon septum and a thermometer 
for recording the temperature in the chamber. 
 
In each plot, three bases were installed to 7 cm depth a week before the first GHG sampling to 
avoid soil disturbance-induced GHG emissions. The bases were left installed in the field throughout 
the sampling period except during land preparation. GHG samples were collected weekly 
throughout the entire season. However, sampling was done daily for five consecutive days 
beginning immediately after top dressing during both growing seasons. During sampling, ten metal 
binders were used to tightly hold the chamber base and lid. Samples were collected in the morning 
between 08:00 and 11:00 hours, representing the time with mean diurnal temperature to 
minimize daily differences in emission patterns. Four samples were collected from each plot at 15 
minutes intervals. During sampling, a 60ml syringe was used to collect 20 ml of gas from each 
chamber while locking the syringe with a lure lock fitted at its tip. The three samples of 20ml gas 
from the three chambers were mixed while the lure lock is closed in each sampling campaign. Out 
of the 60 ml composite sample, 30 ml was used to drive out residual gas in the glass vial using an 
extra needle to vent while driving in the composite sample. The remaining 30 ml was stored in 
rubber sealed glass vials, carefully packaged, transported to and analyzed at the International 
Livestock Research Institute (ILRI- Nairobi Kenya) laboratory. The gas chromatography (GC) was 
used to determine the concentration of  N2O, CO2 and CH4 in the samples. 
 
2.4 Calculation of GHG Fluxes 
GHG emission (E) was determined by first converting emissions from concentration in parts per 
million (ppm) to weight per unit area per hour using Eq 1. 
 

𝐸 =  
𝑑𝑋

𝑑𝑡
×

𝑉𝑀

𝐴𝑉𝑚
                Eq. 1 

 
Where: dX/dt is the accumulation rate of gas (X) in the chamber in ppm/h, A is the chamber area, 
V is the volume of the chamber, M is the mass of N and C per mol of gas x ( where x is either CO2, 
CH4 or N2O) and Vm is the molecular volume of gas (CO2, CH4 or N2O).  
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The molecular volume (Vm) was determined based on the ideal gas law using Eq 2. 
  
𝑃𝑉𝑚 = 𝑛𝑅𝑇                Eq 2 
 
Where: P is the pressure of the atmosphere (1 atm), Vm is the volume of the gas (in litres), n is 
moles of the gas (in mol), R is gas constant (L/atm/k/mol), and T is the temperature (Kelvin). 
 
To quantify the GHG emission rate per ha per day, we multiplied the value of E by 10000m2 and 
24 hours.  
 
2.5 Growth and biomass measurement  
Nine-square meter sub-plots in the middle of each plot were used to monitor indicators of crop 
growth such as plant height, the LAI and the crop yield. Plant height was determined as the height 
measured from where plant touches soil to the end of the highest leaves. The LAI was calculated 
based on the plant height and the width and length of the leaves measured every two weeks 
throughout the growing season. The length of the leaf was determined by measuring the distance 
from the point of departure from the stem to the end of the leaf, while the width of the leaf was 
measured at the middle most wide portion of the leaf. The leaf area per plant was determined 
nondestructively using Eq 3. A correction factor of 0.75 was used (Elings, 2000). 
 
𝐿𝐴 = 𝐿 ×  𝑊 ×  0.75  
           Eq 3 
 
Where LA, L, W and 0.75 stands for the leaf area, leaf length, the maximum leaf width and maize 
coefficient, respectively.  
 
The area index of the leaf was calculated using Eq 4.  
 

𝐿𝐴𝐼 =  
𝑙𝑒𝑎𝑓 𝑎𝑟𝑒𝑎 (𝑚2 𝑝𝑙𝑎𝑛𝑡−1)× 𝑃𝑙𝑎𝑛𝑡 𝑑𝑒𝑛𝑠𝑖𝑡𝑦(𝑝𝑙𝑎𝑛𝑡 ℎ𝑎−1) 

10000(𝑚2 ℎ𝑎−1)
     Eq 4 

 
Where plant density indicates plant population per hectare and plant population (Pp) is given by 
Eq 5 (Adebooye, Ajadi and Fagbohun, 2006).  
 

𝑃𝑝 =
(𝐵+𝑏)(𝐿+𝑙) 

𝑙𝑏
× 𝑁         Eq 5 

 
Where L is the length of the plot, B is the width of the plot, (l ×b) is spacing, and N is the number 
of seeds per stand. 
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At harvesting maize stover, cob and grain yield were measured from the net plot. The stover and 
cob samples were sun-dried to constant weight and then used to extrapolate the total dry stover 
and cob yield. All yield measurements were converted to a per-hectare basis using Eq 6:  
 

𝑌𝑖𝑒𝑙𝑑(𝑡/ℎ𝑎) = 𝑡𝑜𝑡𝑎𝑙 𝑓𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡 ×
𝑠𝑎𝑚𝑝𝑙𝑒 𝑑𝑟𝑦 𝑤𝑒𝑖𝑔ℎ𝑡

𝑠𝑎𝑚𝑝𝑙𝑒 𝑓𝑟𝑒𝑠ℎ 𝑤𝑒𝑖𝑔ℎ𝑡
×

10000

𝑝𝑙𝑜𝑡 𝑎𝑟𝑒𝑎
×

1

1000
   Eq 6 

 
2.6 Statistical analysis 
The normality of the distribution of data was tested using the Shapiro-Wilks test (Shapiro and Wilk, 
1965). The differences in TN and SOC across the sampled depths were compared using ANOVA 
whereas the variations in  GHG emission, soil moisture, soil temperature, plant height, LAI, 
aboveground biomass, stover, cob and grain yield between SWRT and Control were compared 
using t-test. The significance test was done at a 5% significance level. All statistical analyses were 
conducted in R-Statistic (version 4.3.2; R Core Team, 2023).  
 
3.0 Results 
3.1 Soil and field conditions 
Soil organic carbon and TN content ranged from 0.21 to 0.60% (mean ± standard deviation = 0.43 
± 0.11%) and 0.01 to 0.03% (mean ± standard deviation = 0.03 ± 0.004%) respectively across the 
soil profile. Sand, silt and clay ranged between 84.90 to 94.05% (mean ± standard deviation = 
88.81± 2.45%), 1.86 to 5.93 (mean ± standard deviation = 3.98 ± 1.08%) and 2.00 to 11.18% (mean 
± standard deviation = 7.20 ± 2.49%) across the soil profile, respectively. The SOC (p = 0.32) and 
TN (p = 0.96) remained the same across the soil profile (Fig. 2). 
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Fig. 2. The baseline mean total nitrogen and soil organic carbon of the experimental soils. 
During the November 2021 to March 2022 growing season, a total precipitation of 361.6 mm was 
recorded. The diurnal air temperature ranged between 15.92 and 42.91°C (mean ± standard 
deviation = 26.51±6.01°C). During April to August 2022 growing season, the total rainfall was only 
10.8 mm, resulting in crop failure. The diurnal air temperature ranged from 21.18 to 27.55°C 
(mean ± standard deviation = 24.93±1.52°C).  
 
The mean daily soil moisture and temperature did not vary significantly between SWRT and 
Control plots during the November 2021 to March 2022 growing season, while significant 
variations were observed during the April to August 2022 growing seasons (Fig. 3). The mean daily 
soil moisture (mean; SWRT = 0.089m3m-3, Control = 0.092m3m-3, p=0.43) and soil temperature 
mean; SWRT = 32.02°C, Control = 31.60°C, p=0.14) did not vary significantly between SWRT and 
Control (Fig. 3a and Fig. 3b). However, during the dry April to August 2022 growing season, the 
mean daily soil moisture (mean; SWRT = 0.106 m3m-3, Control = 0.092 m3m-3, p<0.05) and soil 
temperature (mean; SWRT = 28.07 °C, control = 31.60 °C, p<0.05) varied significantly between 
SWRT and Control (Fig. 3c and Fig. 3d).  
 
 

 
Fig. 3: Mean daily soil moisture and soil temperature during the November 2021 to March 2022 

(a and b) and the April to August 2022 (c and d) growing season. 
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3.2 Soil GHG fluxes  
Methane emissions were dominantly below zero in both treatments during the November 2021 
to March 2022 growing season. CH4 uptake ranged from -40 g CH4-C ha-1 day-1 to -0.2 g CH4-C ha-

1 day-1 in both SWRT and Control. Few CH4 emissions however existed in both SWRT and Control 
plots in the range 0.0797 g CH4-C ha-1 day-1 to 58 g CH4-C ha-1 day-1 (Fig. 4c). The diurnal soil CO2 

emissions in both treatments ranged from 89.7 g CO2-C ha-1 day-1 to 69712.8 g CO2-C ha-1 day-1. A 
few negative CO2 feedbacks were also recorded, ranging from -125520 g CO2-C ha-1 day-1 to -
159000 g CO2-C ha-1 day-1 (Fig 4b). In both SWRT and control, N2O emissions were generally 
positive, ranging from 0. 14 g N2O-N ha-1 day-1 to 957.91 g N2O-N ha-1 day-1 (Fig. 4a). Occasionally, 
however, soil N2O uptakes in the range of -0. 041015 g N2O-N ha-1 day-1 to -572.54 g N2O-N ha-1 
day-1 were observed. Peak CO2 and N2O emissions were observed on the 24th day after planting in 
control plots, a week after top dressing with CAN fertilizer (Fig. 4a and Fig. 4b).   
 

 

 
 
a) 
 
 
 
 
 
b) 
 
 
 
 
 
 
c) 
 
 

Fig. 4: Soil (a) nitrous oxide (g N2O-N ha-1 day-1), (b) carbon dioxide (g CO2-C ha-1 day-1) and (c) 
methane fluxes (g CH4-C ha-1 day-1) fluxes during the long rain season November 2021 to March 
2022.  
 
During the April-August 2022 plating season, soil CH4 emissions were mostly negative, implying 
more uptake than emission. The CH4 uptake ranged between -154.7 g CH4-C ha-1 day-1 and -3.3 g 

CH4-C ha-1 day-1, while emissions ranged from 0.7 g CH4-C ha-1 day-1 to 44.4 g CH4-C ha-1 day-1 in 
both SWRT and Control (Fig. 5c). Mostly, the diurnal CO2 emissions were positive despite a few 
uptakes. The CO2 emissions ranged from 0.0102 kg CO2-C ha-1 day-1 to 97.405 kg CO2-C ha-1 day-1 
while negative feedbacks were in the range -26210 g CO2-C ha-1 day-1 to -138.4 g CO2-C ha-1 day-1 
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(Fig 5b). During this season, N2O emissions remained continuously below zero, with mostly positive 
feedback ranging from 0.2507 g N2O-N ha-1 day-1 to 4.348 g N2O-N ha-1 day-1 (Fig. 5a). A few N2O 
uptakes were observed in the range of -6.988 g N2O-N ha-1 day-1 to -0.09588 g N2O-N ha-1 day-1. 
There were no observable peaks of CH4, CO2 and N2O emission even after top dressing with CAN 
fertilizer during this season.  
 

 

 
 
a) 
 
 
 
 
 
 
b) 
 
 
 
 
 
c) 

Fig. 5: Soil (a) nitrous oxide (g N2O-N ha-1 day-1), (b) carbon dioxide (g CO2-C ha-1 day-1) and (c) 
methane (g CH4-C ha-1 day-1) fluxes during the April to August 2022 short rain season.  
 
In the November 2021 to March 2022 season, the mean daily CO2 and N2O emissions were higher 
in Control than in SWRT treatment (Table 1). However, a net CH4 uptake was observed in both 
Control and SWRT, and a higher uptake was recorded in Control. During the dry April to August 
2022 season, net CH4 and N2O uptakes were observed in both Control and SWRT treatment, while 
positive feedback was observed for CO2 emission (Table 4). There were no significant variations in 
emissions between SWRT and Control for CH4 (p = 0.25), CO2 (p= 0.49) and N2O (p=0.12) fluxes 
during the rainy November 2021 to March 2022 growing season (Table 4). Similarly, during the 
April to August 2022 growing season, non-significant variances were observed for CH4 (p =0.47), 
CO2 (p= 0.47) and N2O (p=0.27) fluxes between SWRT and Control.  
 

Table 1: Greenhouse gas fluxes between November 2021 to March 2022 (n=55) and April to 
August 2022 (n=24). 

Season Treatment CH4 
(g CH4-C ha-1 day-1) 

CO2 
(g CO2-C ha-1 day-1) 

N2O 
(g N2O-N ha-1 day-1) 

 
LR 21 

SWRT -0.009 ± 5.76 5780 ± 5430 2.68 ± 10.82 
Control -1.44 ± 4.00 5880 ± 10210 40.47 ± 115.60 
P value 0.27 0.49 0.12 
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SR 22 

SWRT -3.54 ± 16.69 1790 ± 8040 -0.07 ± 1.47 

Control -4.02 ± 16.51 1980 ± 3610 -0.49 ± 1.84 
P value 0.47 0.47 0.27 

*LR 21 = November 2021 to March 2022 season, SR 22 = short rains April to August 2022 season. 
Treatment SWRT: subsurface water retention technology and Control: no subsurface water 
retention technology. 
 
3.3 Maize growth and yield  
During the April to August 2021 growing season, the mean plant height, LAI and aboveground 
biomass were significantly higher in SWRT than in the Control (Table 2). The mean plant height 
and leaf area index increased by 31.44% (from 76.07 cm in Control to 99.99 cm in SWRT, p<0.05) 
and 65.66% (from 0.99 in Control to 1.64 in SWRT, p<0.05) respectively, at the vegetative growth 
stage. During this season, maize did not mature due to prolonged dry spells and the aboveground 
biomass was harvested just before wilting. Aboveground biomass in SWRT was significantly higher 
(0.525 t ha-1) than in the Control.  
 
Similarly, during the November 2021 to March 2022 growing season, the observed differences in 
the mean plant height, LAI and aboveground biomass at the vegetative growth stage were 
significant (Table 2). The mean plant height and leaf area index increased by 13.85% (from 109.20 
cm in Control to 124.32 cm in SWRT, p <0.05) and 32.86% (from 1.40 in Control to 1.86 in SWRT, 
p <0.05) respectively, at the vegetative growth stage. The aboveground biomass increased by 
40.57% from 1.38 t ha-1 in Control to 1.94 t ha-1 in SWRT.  
 
Table 2: Mean plant height, leaf area index, cob, Stover, grain and total maize yields under SWRT 

and control treatments. 
Growing season Indicator SWRT Control P value 

 
April - Aug 2021 

Plant height (cm) 99.99 ± 13.53 76.07 ± 14.21 0.0002* 
Leaf area index 1.64 ± 0.38 0.99 ± 0.34 0.0001* 
Aboveground biomass (t ha-1) 0.775 ± 0.133 0.250 ± 0.070 0.003* 

 
 
Nov 2021 - March 2022 

Plant height (cm) 124.32 ± 15.15 109.20 ± 9.91 0.049* 
Leaf area index 1.86 ± 0.35 1.40 ± 0.23 0.018* 
Cob yield (t ha-1) 0.101 ± 0.016 0.076 ± 0.015 0.258 
Stover yield (t ha-1) 1.339 ± 0.108 0.944 ± 0.124 0.022* 
Grain yield (t ha-1) 0.497 ± 0.078 0.358 ± 0.073 0.206 
Aboveground biomass (t ha-1) 1.937 ± 0.181 1.378 ± 0.201 0.047* 

* Means statistically significant at 5% significance level. 
 
4.0 Discussion 
Installation of SWRT membranes did not significantly affect soil GHG emissions from maize fields 
on sandy soils. The low CH4 uptake in both SWRT and Control supports previous studies in East 
Africa that reported soils under agriculture as net methane sinks (Macharia et al., 2020; Wachiye 
et al., 2020; Lemarpe et al., 2023). The low CH4 uptake in SWRT could be due to the inhibition of 
CH4 oxidation brought about by reduced microbial activity of methanotrophs occasioned by the 
high moisture retained by SWRT membranes (Wu et al., 2021; Githongo et al., 2022). On the 

https://ojs.jkuat.ac.ke/index.php/JAGST
https://doi.org/10.4314/jagst.v23i5.5


       Journal of Agriculture Science & Technology                                            JAGST 23 (5) 2024 76 - 92                                                                                                   
 
 

                                                                                    Subsurface Water Retention Limits Emissions 

 

URL: https://ojs.jkuat.ac.ke/index.php/JAGST   87 
ISSN 1561-7645 (online) 
doi: 10.4314/jagst.v23i5.5 

 
 
 

contrary, the lower moisture levels in the Control could have suppressed methanogenesis, 
reducing methane emissions and increasing uptake (Yang et al., 2014). While the higher rainfall 
recorded in the November 2021 to March 2022 season, amounting to 361 mm, favored 
methanogenesis and diminished CH4 uptake, the higher uptake observed during the April to 
August 2022 seasons could be attributed to the recorded low rainfall (10 mm), which enhanced 
methanotrophy (Wu et al., 2020; Guo et al., 2023). The low SOC levels could have also impeded 
methanogenesis since SOC is a substrate for methanogenic bacteria, thus lowering methane 
emissions.  
 
The higher CO2 emission observed during the November 2021 to March 2022 season is 
attributable to the higher rainfall (361 mm), which increased microbial activity since moisture 
availability increases soil mineralization, causing higher CO2 emissions (Ortiz-Gonzalo et al., 2018). 
The higher moisture could also result in increased root growth, as evidenced by the high growth 
(shown by the significantly higher plant height and LAI) and yield (stover, cob and grain yield) 
observed during the November 2021 to March 2022 season, thus increasing root respiration 
resulting in increased CO2 emissions (Moinet et al., 2023). Contrarily, the low CO2 emitted during 
the April to August 2022 season could be explained by the impeded activity of soil microbes and 
respiration of plant roots due to the reduced plant growth and aboveground biomass associated 
with low moisture resulting from diminished rainfall (10 mm). The low SOC content ranges from 
0.21 to 0.60% and limited decomposition processes due to the reduced substrate, resulting in 
lower CO2 emission in both SWRT and the control plots (Santoni et al., 2023). 
 
The soil N2O emissions were low, in corroboration with earlier studies (Ortiz-Gonzalo et al., 2018). 
These low emissions could be due to low fertility associated with sandy soils and the low fertilizer 
input by farmers. The low TN content, in the range of 0.01 to 0.03%, could also explain the 
observed low N2O emissions due to limited substrate availability for nitrification-denitrification 
processes that drive soil N2O emission (Götze et al., 2023; Posmanik, Nejidat and Gross, 2023). 
Since the soils were sandy with low SOC content (0.21 to 0.60%), the unavailability of mineralizable 
carbon may also have inhibited denitrifcation, resulting in the low emission of nitrous oxide. The 
high moisture in SWRT plots creates anaerobic conditions, reported by Wang et al. (2023) to 
enable conversion of nitrous oxide to nitride, and could explain the low amounts of nitrous oxide 
emitted in SWRT. By impeding deep percolation of nutrients, SWRT could increase nitrogen use 
efficiency by increasing nitrogen availability for plant uptake thus reducing N2O emission.  High 
nitrogen uptake in SWRT plots is evidenced by the observed significantly higher aboveground 
biomass and grain yield. On the other hand, the high emissions of nitrous oxide observed in the 
control could be attributed to the lower moisture levels reported to enhance denitrification 
process (Fernández-Ortega, Álvaro-Fuentes and Cantero-Martínez, 2023). The observed low grain 
yield and aboveground biomass also indicate low nitrogen use efficiency and could further explain 
the higher N2O emission in the control plots.  
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The coincidence of the peak CO2 and N2O emissions and fertilization time during the November 
2021 to March 2022 growing season shows the effect of fertilizer application on GHG emission. 
The surge in CO2 emission is attributable to increased root and microbial respiration due to 
enhanced plant growth while the increase in N2O emission could be associated with soil 
endowment with ammonium and nitrate which enhance nitrification-denitrification. The 
unobserved effect of fertilization on methane emission implies other factors such as moisture 
could have had more impact than fertilizer application. This agrees with the findings by Kussainova 
et al. (2023) who found that environmental factors, particularly soil moisture and soil temperature, 
had more effect on methane emission than fertilizer application. According to Fernández-Ortega 
et al. (2023), notwithstanding soil moisture and fertilization dryland soils absorb more methan 
than they emit thus acting as a CH4 sink. On the contrary, there were no observable CO2, CH4 and 
N2O emission peaks in both SWRT and control during the dry April to August 2022 growing season. 
The non-response of GHG emission to fertilization in this season could be due to limited soil 
moisture which inhibited soil microbial activity, root growth and respiration, methanotrophy and 
nitrification-denitrification (Bista et al., 2023; Kaur et al., 2023; Zhang et la., 2023).  
 
5.0 Conclusion 
There is no evidence that installing SWRT on coarse sandy soils significantly increases GHG 
emissions compared to soils without SWRT. The observed slight decrease in CH4 and N2O emissions 
could be due to the SWRT membrane`s ability to retain moisture in the plant root zone, creating 
conditions favorable for GHG uptake rather than emission. Therefore, SWRT can be considered a 
climate-friendly technology for improving agricultural productivity of sandy soils without 
increasing GHG emissions.  
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