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Abstract 
 

Agriculture in sub-Saharan African region has depended mainly on rainfall since 1990s 

and crop production has faced negative impacts of extreme climate events which are 

believed to be manifestations of long term climate change. In addition, maize (Zea mays 

L.) productivity has continued to decline over the past years from 2.5 tons ha-1 in 1964 

to 1.5 tons ha-1 in 2013. This is largely due to continuous cultivation, often in mono-

cropping with little or no inputs and absence of effective Conservation Agriculture 

practices. A field experiment for this study was setup on the already established CA 

long-term trial at Msekera Research Station in Chipata Eastern Province of Zambia. The 

experimental design used was a split plot with CA and CT treatments as main. During 

the 2014/15 season CA long-term trials was used with fertilizer application rates of 165 

kg ha-1 basal and 200 kg ha-1 top dressing. There was a significant difference of 1802 

kg ha-1 on observed grain yield in 2014/15 season compared between Conventional 

Tillage (CPM2) ridge and furrow and Conservation Agriculture (DS-MC) treatments. 

CA treatments had maize leaves with greener phenological appearances from 24 to 60 

days after planting. Furthermore, APSIM model was used to simulate the long-term 

effect of climate change on maize productivity for 85 seasons using rainfall increase and 

decrease of 11.3 percent and temperature rise at +1.0oC, +2.0oC, and +3.0oC as climate 

change scenarios. Root Mean Square Error was used to assess the performance of the 

model and the prediction were 22.57 percent for grain yield, 73 percent for biomass 

yield and 8.6 percent for soil water results for both measured and simulated outputs and 

that represented fair to excellent performance of the model. The APSIM simulated long 

term results revealed decrease in annual rainfall by 11.3 percent as climate scenario 

increased maize grain yield under CA treatments by 4 percent. While increasing 

temperature by 3.0oC reduced maize grain yield by 31 percent for CT treatments. The 

model also predicted that 22 growing seasons out of 85 will experience adverse drought 

that will affect maize grain yield mostly for CT practices.

Introduction 

Agriculture in sub-Saharan Africa (SSA) supports 

between 70 and 80 percent of employment and 

contributes an average of 30 percent of Gross Domestic 

Product (GDP) through crop production (Commission 

for Africa, 2005). Rain-fed agriculture dominates 

agricultural production in the SSA region covering 

about 97 percent of total cropland, and exposes 

agricultural production to the risks of high seasonal 

rainfall variability (Calzadilla et al., 2008). Climate 

change has significantly affected global agriculture in 

the 21st century. And according to the 

Intergovernmental Panel on Climate Change (IPCC, 
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2007) assessment report that indicates most countries in 

SSA will experience an increase in average 

temperature, more frequent heat waves, more stressed 

water resources, desertification, and periods of heavy 

precipitation. A similar report (IPCC, 2001) suggested 

that global surface air temperature may increase by 1.4 

ºC to 5.8 ºC at the end of the century. IPCC, (2007) 

report further revealed that the past three decades have 

been the warmest in history, with each decade being 

warmer than the preceding period. Calzadilla et al., 

(2008) added that measureable indicators have proved 

that the African continent is warmer than it was 100 

years ago. In fact, the six warmest years in recent 

decades in Southern Africa have all occurred since 

1980 (Yanda and Mubaya, 2011). Furthermore, future 

climate change may present an additional challenge to 

agricultural production in SSA region (Calzadilla et al., 

2008). Future impacts are projected to worsen as the 

temperature continues to rise and precipitation becomes 

more unreliable.  

 

Climate change factors such as increased temperature 

and erratic rainfall patterns are being addressed through 

increased employing of technologies such as 

Conservation Agriculture that increase water 

infiltration and reduce moisture evaporation from the 

soil (Marongwe et al., 2011). Conservation agriculture 

(CA) is a crop management system based on three 

principles; minimum soil movement, soil surface cover 

with crop residues and/or living plants and crop 

rotations to avoid pest and diseases (Thierfelder et al., 

2014). The principles of CA appear to have extremely 

wide adaptation, and CA systems are currently used by 

smallholder farmers under a wide range of conditions 

and with numerous crops (Thierfelder et al., 2014). The 

primary rationale of CA is to protect the natural 

resources for agriculture thereby sustaining and 

maintaining agricultural productivity in long run 

(Marahatta et al., 2014). CA generally does not work 

well without residues, as many benefits come from 

surface mulch (Thierfelder and Wall, 2014). In CA 

systems the residues protect the soil surface, water 

infiltration is increased and water storage improved 

(Mupangwa et al., 2013). Also, under CA systems there 

are more soil pores because of the increased biological 

activity with continuous residue cover and because the 

pores are not continually broken down by tillage 

(Thierfelder and Wall, 2014). Crop rotation in CA 

systems is essential as it contributes to reduction in 

pests and diseases in the cropping system and to control 

weeds by including smothering crop species or green 

manure cover crops (Thierfelder et al., 2014). Further, 

crop rotation in CA systems may also give benefits in 

terms of improved soil quality, better distribution of 

nutrients in the soil profile and to increased biological 

activity (Mupangwa et al., 2012). 

 

The other primary aim of CA is to reduce soil 

movement and soil disturbances and ensures that soil 

moisture is conserved and more water becomes 

available for crop growth (Thierfelder and Wall, 

2010a). Overall, CA systems have a higher 

adaptability, minimized runoff and soil erosion as well 

as greater soil moisture-holding capacity. According to 

report by Hobbs P.R. et al., (2007) revealed that 

benefits of CA are a suggested improvement on 

conventional tillage, where no-tillage, mulch and 

rotations significantly improve soil properties and other 

biotic factors. Mupangwa et al., (2012) reported that 

the long-term benefits of CA includes; increased soil 

organic matter (SOM) resulting in better soil structure, 

higher cation exchange capacity and nutrient 

availability, and greater water-holding capacity. Others 

are increased and more stable crop yields, reduced 

production costs, and increased biological activity in 

both the soil and the aerial environment leading to 
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improved biological soil fertility and pest control. 

Therefore, all these CA benefits culminate into 

improved crop yield, soil health, and soil water storage 

increased soil biological activities. The soil moisture 

conditions in rooting zones through growing seasons 

under CA are better than under conventional tillage 

(Kassam et al., 2009). 

 

Increasing concerns about the future of agriculture in 

SSA in light of accelerating soil degradation (Oldeman 

et al., 1990; Kumwenda et al,. 1997; Sanginga and 

Woomer, 2009) and potential threats of climate change 

(Lobell et al., 2008), have increased the need for new 

and more adapted cropping systems that increase 

production, whilst conserving the natural resource base 

(Wall, 2007; Kassam et al., 2009; Thierfelder and Wall, 

2009). CA is one of the „greener‟ solutions currently 

being discussed (Gilbert, 2012) as a potential cropping 

system that can mitigate the negative effects of 

declining soil fertility and climate change, under a 

range of farming systems (Hobbs, 2007; Kassam et al., 

2009). In coping with these challenges, farmers in the 

eastern region of Zambia have developed or adopted 

various types of soil and water conservation 

technologies through the intervention of government 

change agents and other collaborating partners such as 

the CG Centers and FAO. Some of these technologies 

include the use of water harvesting planting basins 

locally known as Gampani which harvest water in the 

cropping field.  

 

In order to understand the future effects of the 

aforementioned climate variability and provide 

solution, Agricultural Production Simulation Model 

(APSIM) was used in the study. Agricultural systems 

models worldwide are increasingly being used to 

explore options and solutions for food security, climate 

change adaptation and mitigation and carbon trading 

problem domains (Keating et al., 2003). And according 

to (McCown et al., 1996), APSIM simulates the 

dynamics of crop growth, soil water, and nitrogen and 

soil carbon in a farming system. APSIM is one such 

model that continues to be applied and adapted to this 

challenging research agenda (Shamudzarira and 

Robertson, 2002). It operates on daily time steps and 

when driven by long-term or current daily weather 

data, can be used to predict the impact of seasonally 

variable rainfall, both amounts and distribution, on the 

climate-induced risk associated with a range of crop, 

water and soil management strategies (McCown et al., 

1996). And according to Keating et al., (2003), who 

reported that from its inception twenty years ago, 

APSIM has evolved into a framework containing many 

of the key models required to explore changes in 

agricultural landscapes with capability ranging from 

simulation of gene expression through to multi-field 

farms and beyond. Furthermore, agricultural simulation 

models have an important role in informing farmer 

practice (Hochman et al., 2009b), breeding strategies 

(Cooper et al., 2009) and government policy 

(Bezlepkina et al., 2010) that aim at addressing 

challenges such as food security and climate mitigation 

and adaptation. The demand for tools that can assist in 

the analysis of complex problems are more pronounced 

than ever. For this study APSIM was preferred as a 

result of its ability to provide accurate simulation of 

actual crop yields across a range of soil types and 

seasons when properly calibrated. 

 

Therefore, this study was conducted to assess the 

potential of CA to off-set the effects of increased 

temperature and reduced rainfall on crop productivity 

using long term on-station trial at Msekera Research 

Station using the APSIM crop simulation model. 
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MATERIAL AND METHODS 

 

Site Description 

 

This study was conducted at Msekera Research Station 

which is located about 12 km due West of Chipata 

town in the Eastern Province. Msekera Research station 

lies between the Great East Road and Msoro Road. The 

co-ordinates are Latitude 13
o 

38.74‟ S and Longitude 

32
o
 33.51„E and covers an area of about 406 ha at an 

altitude of 1016 m. Msekera is drained by a stream 

perennial which has an earth dam. Msekera Research 

Station is located in the Agro-ecological Region II A 

and receives annual rainfall of about 1092 mm. The 

rainy season extends from November to April, while 

the dry cool season extends from May to August. A hot 

spell with low humidity and high sunshine hours 

characterizes September and October. The average 

minimum temperature is 9.5
 o

 C in the month of June 

and average maximum temperature is 35.1
 o

 C in the 

month of October. The weather shows two distinct 

periods, the rainy season from November to April, dry 

season and the coldest from May to September. 

Temperature and rainfall distribution show that the wet 

season is cool and the dry season is relatively hot in 

this Agro-ecological Region II A. The predominant soil 

types at Msekera Research Station are Ferralsols 

(haplics and rhodics), Haplic Lixisols and Haplic 

Acrisols (Shitumbanuma, 2008). In the experimental 

plots, the soil types are Haplic Lixisols, according to 

FAO soil classification system, with a sandy loam 

surface soil texture, the slope is generally 1-2percent 

(Wijnhoud, 1997). The soils on the experimental site 

present good physical characteristics; low fertility 

especially for Nitrogen and they are moderately acidity 

with a range between 4.5 to 5.5 pH. Therefore, a good 

crop yield under rain fed agriculture can be granted 

with liming and fertilizer application, especially 

nitrogen and phosphorus (Wijnhoud, 1997). 

Experimental Design 

The experimental design used was a split plot with CA 

and CT treatments as main plot factor. The main plot 

consisted of CT method that had two treatments 

namely; moldboard ploughing on flat (T1) and ridge 

and furrow (T2) both with sole maize and no crop 

residue retention. And CA methods that comprised both 

manual (Basins-T3 and Dibble stick-T4 both with sole 

maize) and animal traction (Direct seeder with sole 

maize-T5, Direct seeder maize/cowpea intercrop-T6, 

Direct seeder maize cowpea rotation-T7, Direct seeder 

cowpea maize rotation-T8, Direct seeder maize 

soybeans rotation-T9 and Direct seeder soybeans maize 

rotation-T10) seeding technologies. The study used two 

cropping systems under CA namely; rotation and 

intercrop with residue retention as mulch in both 

systems. Therefore, the trial comprised of ten 

treatments per replication and four replications with 

each plot measured 10 m x 20 m. 

Experimental Treatments 

The treatments for the long term trial at Msekera 

Research station were:- 

T1: (CPM 1) Traditional farmers practice using the 

mouldboard plough on flat, maize as a sole crop, no 

residue retention, stubble incorporated into the row for 

the following season 

T2: (CPM2) Ridge and furrow system dug by hand, 

maize as a sole crop, no residue retention, stubble 

incorporated into the row for the following season 

T3: Basin (BA-M), residue retention on the surface, 

maize as a sole crop 

T4: Dibble stick (DIS-M), residue retention on the 

surface, maize as a sole crop 
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T5: Direct seeder (DS-M), residue retention on the 

surface, maize as a sole crop 

T6: Direct seeding maize/cowpea intercropping (DS-

M/C), residue retention on the surface 

T7: Direct seeding maize-cowpea rotation (DS-MC), 

residue retention on the surface 

T8:Direct seeding cowpea-maize rotation (DS-CM), 

residue retention on the surface 

T9: Direct seeding maize-soybean rotation (DS-MS, 

residue retention on the surface 

T10:Direct seeding soybeans-maize rotation (DS-SM), 

residue retention on surface 

Data Collection from the Field Experiment 

The study adopted the already established CA long-

term trial layout to conduct this study at Msekera 

Research Station. The same experimental design was 

used by the study during the 2014/15 season. Crop data 

was collected through direct observation and 

registration of crop phenology stages and crop 

management. Crop yield (grain and above ground 

biomass) was measured from the field experiment.  

Soil Moisture 

Access tubes already installed on the CA long-term 

trial at Msekera Research Station were used to measure 

moisture from CPM 1&2, BAM, DISM, DSM, DS-

M/C and DS-MC treatments. The study measured up to 

60 cm depth with capacitance probes (PR-2 probes, 

Delta-T Device Ltd, UK) twice per week during the 

cropping season. Data collected from the 0-10 cm, 10-

20 cm, 20-30 cm, 30-40 cm and 40-60 cm depth was 

further analyzed in this study. Mean soil moisture in 

mm for each depth layer was determined for the 

cropping seasons during 2014/2015 season. 

Normalized Differences Vegetation Index (NDVI) 

To collect greenness of the crops, the Green Seeker 

Handheld equipment was used. The study obtained data 

first at 24 days after planting (DAP). Thereafter, the 

NDVI readings were collected on weekly interval. 

NDVI measurements were taken from the central rows 

of a growing crop in all the treatments and replications 

used in this study during the 2014/2015 season. NDVI 

readings were collected by simply pressing the Green 

Seeker Handheld equipment at least 30 cm above the 

leaves of maize, cowpea and soybeans whilst moving 

along the central row of each treatment and getting 

instant digital readings. Theoretically, NDVI is 

calculated from the reflectance measurements in the red 

and near infrared (NIR) portion of the spectrum. NDVI 

provides an estimate of vegetation health and a means 

of monitoring changes in vegetation over time. The 

pigment in plant leaves, chlorophyll, strongly absorbs 

visible light (from 0.4nm to 0.7nm) for use in 

photosynthesis. The cell structure of the leaves, on the 

other hand, strongly reflects near-infrared light (from 

0.7nm to 1.1nm). The more leaves a plant has, the more 

these wavelengths of light are affected, respectively 

(Holme et al., 1987). The typical range of NDVI is 

between -0.1 (NIR less than VIS for not very green 

area) to 0.6 (for a very green area). In a nutshell, NDVI 

is a measure of near-infrared radiation minus visible 

radiation divided by near-infrared radiation plus visible 

radiation. The result of this formula is called the 

Normalized Difference Vegetation Index (NDVI).  

Crop Yield 

Maize: Five sub plots of (5 meters x 2 rows) were 

measured out of each plot. Growth and yield 

parameters were then obtained for each of these sub-

plots. And these were; plant count, plant height, ear 

height, number of cobs, the distance between four rows 

over the sub-plot, fresh weight of cobs, and the fresh 

weight of biomass. Then a sub-sample of 10 cobs that 

is 2 cobs from each sub-plot was collected and the fresh 
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weight obtained. A maize stalk sample (biomass) was 

also obtained from the plot ranging between 500 g to 

1000 g. Finally the dry weight was obtained in order to 

extrapolate the fresh weights obtained at harvest. 

 

Cowpea: Five sub-plots of (5 m x 4 rows) were 

measured out of each plot containing Cowpeas. Growth 

and yield parameters were then obtained for each sub-

plot. The parameters measured were plant count, fresh 

weight of biomass and the fresh weights of all fertile 

pods. Also a sub sample of the pods was then obtained 

and weighed immediately and later used to determine 

the fresh and dry weights. A stalk sample was also 

obtained and weighed immediately as well as after 

drying. Distance between six rows was also obtained to 

determine the actual area harvested. Finally the dry 

weights were obtained in order to extrapolate the fresh 

weights obtained at harvest. 

Soybeans: Five sub plots of (5 m x 4 rows) were 

measured out of each plot containing Soybeans. 

Growth and yield parameters were then obtained for 

each sub-plot. The parameters measured were plant 

count, pods per plant, plant height, pod clearance, fresh 

weight of biomass including all fertile pods. Also a 

sub-sample of the pods was then obtained and weighed 

immediately and later to determine the fresh and dry 

weights. A stalk sample was also obtained and weighed 

immediately as well as after drying. Distance between 

six rows was also obtained. Finally the dry weights 

were obtained in order to extrapolate the fresh weights 

obtained at harvest. 

Biomass Yield 

The harvest area was identified and before each plant 

was harvested, the plant height was measured.  The 

plant was cut off at as close to ground level as possible, 

any brace roots removed, and the plant cut into 

segments and placed in a bag.  All dead leaves still 

attached to the plant were placed in the bag as well.  

The plant material were placed in a control temperature 

ovens in the laboratory to quickly as possible facilitate 

the gradual drying.  Once all samples were taken, they 

were moved to an air conditioned laboratory for 

dissection and measurement. 

Agricultural Production Simulation Model (APSIM) 

Model Calibration 

Model calibration and validation against an 

independent data set was an essential step in model 

setup. APSIM model was parameterized and evaluated 

for maize grain and biomass yield and soil water under 

rainfall and temperature climate change scenarios. The 

inputs used for the evaluation of model simulation 

included; days after sowing, crop phenology, soil N, 

weather, and crop management information as these 

were the major constituent of optimal crop 

productivity. Others were the soil chemical and 

physical properties input data used for calibration that 

was sourced from (Mwaanga Unpublished) who 

conducted a similar study on the same CA long term 

trial the previous year. Genotypic coefficients were 

incorporated into maize in file of model until observed 

and simulated results were close to each other. 
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Table 1: Soil Chemical and Physical Properties Input Data Used For Calibration of the APSIM Model at 

Msekera Research Station Experimental Site 

Soil depth (cm)  pH (CaCl2) SOC (percent) BD (g/cm
3
) Total N (percent)  P (mg/kg) 

0-10   4.35  1.191  1.56            0.08   11.0 

10-20   4.47  0.978  1.6            0.09   11.0 

20-30   4.53  0.652  1.63            0.11   11.6 

30-40   4.53  0.614  1.69            0.12   7.4 

40-60   4.8  0.59  1.70            0.12   6.9 

60-80   4.8  0.46  1.73            0.l2   5.2 

During the long term crop simulation calibration SC 

501 cultivar for maize was used representing medium 

to late maturity similar to MRI 624 used at Msekera 

Research Station experimental site. On the other hand,  

Banjo cultivar was used for cowpea with similar 

characteristics to Bubebe seed. Also Magoye cultivar 

was used for soybeans with similar characteristics to 

Lukanga seed. 

Table 2: The APSIM Data Inputs Used For the Calibration of the Model with Curve Numbers 70 for CA and 85 

for Conventional Practice at Msekera Research Station Experimental Site 

Depth (cm)  Lower Limit (percent)                              DUL (percent)                SAT (percent) 

0-10   5                                                         15                 27 

10-20   7.9                                                         16                 31 

20-30   8.6                                                         19                 33  

30-40   13                                                         23                 33 

40-60   17.7                                                         24                34 

60-100   18                                                         24                36 

* Since APSIM model maintained a daily balance of both crop and residue cover for both CA and CT systems. Curve number (CN) was a dynamic 

parameter that changed on a daily basis during the simulation.

The other parameters used in this calibrating were SAT 

(Saturated soil water content), DUL (Drained upper 

limit of soil water content) and LL15 (Lower limit of 

soil water content) as shown in Table 2. LL15 is the 

Bar lower limit of soil water content (Jones and Kiniry, 

1986). It was approximately the driest water content 

achievable by plant extraction. This defined the 

“bottom of the bucket”. DUL is the drained upper limit 

of soil water content. It was the content of water 

retained after gravitational flow (Jones and Kiniry, 

1986). DUL is sometimes referred to as “Field 

Capacity”. SAT is the saturated water content. This 

defines the “top of the bucket” or volumetric soil water.  

 



   Int. j. sci. footpr.  Mwansa et al., (2017) 

Model Evaluation 

The model was validated using the data collected by 

the study from the CA long-term field experiment 

during 2014/2015 season. The main focus was to 

simulate maize grain and biomass yield and soil water 

content using rainfall and temperature climate change 

scenarios. To compare simulated with observed data 

under 2014/15 season the linear regression (R
2
) was 

used in this study. Furthermore, the performance of the 

APSIM model was assessed through a validation skill 

scores using Root Mean Square Error (RMSE), 

Normalized Root Mean Square Error (NRMSE) and 

Modeling Efficiency (ME).  

Simulation of Long Term Effects of CA Practices on 

Grain Yield and Soil Water Dynamics 

The calibrated APSIM model was used to simulate the 

CA long term climate change scenarios based on four 

treatments tested in the field experiment. The 

treatments used for crop simulation were Conventional 

Tillage (CT) also referred to as Farmer Check, Basins, 

Dibble Stick and Direct Seeder. During calibration crop 

residues were not retained on the farmer check 

treatment. However, 37.5 percent crop residues were 

retained on the soil surface in the model for the rest of 

the CA treatments during calibration. Msekera 

Research Station currently does not have digitalized 

soil and weather data. Therefore, the study suggested 

using simulation data calibration input for soil and 

weather from Chitedze Research Station in Malawi. 

Chitedze Research Station was preferred as a result of 

its proximity to the experimental site and similarities in 

soil and weather conditions. Simulation outputs for 

maize grain yields and soil moisture content were 

plotted for the four treatments to give a trend on crop 

productivity and soil water for the period of 85 years 

(2015-2099). 

Statistical Analysis 

Analysis of variance (ANOVA) is a statistical method 

in which the variation in a set of observations is divided 

into distinct components. Comparison of treatments 

effects for observed data on NDVI, maize grain, 

biomass yields and soil water were analyzed using 

ANOVA. Also mean separation was determined by 

standard error of difference method using GenStat 

version 17. Furthermore, linear regression (R
2
) was 

used to compare results between the observed and 

simulated for biomass and grain yield and soil water. 

Results 

 

Effect Of Conventional and CA Practices on  

Normalized Difference Vegetation Index (NDVI) 

The NDVI results showed variations between the CT 

and CA treatments and days after planting (DAP). CT 

treatments had lower (P<0.001) NDVI values in the 

initial growth period compared to CA treatments with 

residue retention on the surface and with rotation 

treatment (Table 3). There were significant differences 

in treatment, Days after Planting (DAP) and interaction 

on NDVI, biomass and grain yield. Sole maize planted 

on CT plots had poor influence on crop development 

with early lower NDVI values compared to CA 

practices (Figure 7). CA treatment with Direct seeder 

maize-cowpea (DS-MC) rotation at maize phase 

treatment had higher (P<0.001) NDVI on average at 

initial crop development as generated by the ANOVA 

(Table 3). There was significant difference (P<0.001) 

between CT and CA treatments later in the season. CT 

treatment with mouldboard plough (CPM 1) had lower 

(P<0.001) NDVI values compared to all other 

treatments (Table 3). However, zero NDVI values 

meant that the crop was either at seeding or harvest 

stage during the time of obtaining the readings.



   Int. j. sci. footpr.  Mwansa et al., (2017) 

Table 1: Summary of Analysis Of Variance (ANOVA) Means of Squares for Measured NDVI, Biomass and 

Maize Grain Yields 

Sources of   Degree of NDVI   Biomass                Maize grain 

Variance   freedom                       yield   yield 

Replication   3  0.004040
NS

                      4479758***  3202689*** 

Treatment   7  0.274388***  1142382**  1836726*** 

Days after Planting  6  0.548922*** 

Treatment x DAP               56  0.074513*** 

Ns Not significant, ***Significant at 1percent probability level, **Significant at 5percent probability level 

 

NDVI line graph results for ten treatments both for CT 

and CA treatments were represented in Figure 1. 

Results revealed that CT treatment (T1) had the lowest 

NDVI value initially compared to CA practice (T4) that 

had the highest value (Figure 1). There was a 

significant difference observed at every interval of 

NDVI readings between CT and CA treatments. 

Statistically, this was supported in Table 3 were there  

 

was significant difference between NDVI and treatment 

at 1percent probability level. The NDVI values for all 

the treatments dropped at 60 DAP as this was attributed 

to the prolonged dry spell experienced at Msekera 

Research Station. The results revealed that T7 

treatments had higher NDVI values at 80 DAP and 

later started declining (Figure 7). 

 

 

Figure 1: Observed Normalized Difference Vegetation Index (NDVI) Based on Crop Growth Development 

between Conventional and CA Practices at Msekera Research Station 

Furthermore, the study revealed that NDVI results had 

highly significant difference among the eight  

treatments at every time interval of data collection 

(Figure 1). Also the generated ANOVA (Table 3) for 
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NDVI revealed highly significant difference (P<0.001) 

among the seven intervals of DAP.  

Effect of Conventional and CA Practices on Maize 

Grain and Biomass Yield  

CT treatments were compared with CA treatments in 

terms of biomass yield that was tested at 95percent 

confidence level with 24.05percent coefficient of 

variation, 620.8 Standard Error and with P<0.025 

across treatments as generated by the ANOVA (Table 

3) for biomass yield. There were variations observed in 

terms of biomass yield among treatments. Ridge and 

furrow treatment (CPM2) had lower (P<0.025) biomass 

yield compared with Direct Seeder with maize-soybean 

rotation at maize phase (DS-MS) that had the highest 

biomass yield (Figure 2). In addition, there were highly 

significant difference in biomass yield between CT 

treatment (CMP2) and CA treatment (DS-MS) as 

shown in Figure 2. Furthermore, there was no 

significant difference between the two CT treatments 

(CMP1 and CMP2). However, there was significant 

difference among the six CA practiced treatments with 

more prominence between DS-M/C and DS-MS 

respectively. 

 

Figure 2: Biomass Yield Measured From the Long Term CA Trials at Msekera Research Station during 2014/15 

Season 

Similarly, the same statistical analysis was used to 

compare maize grain yield tested at 95percent 

confidence level with 23percent coefficient of variation 

and 632.8 Standard Error. There was significant 

difference (P< 0.003) within treatments for measured 

maize grain yield as generated by the ANOVA (Table 

3). CT treatment (CPM 1) had the lowest maize grain 

yield as compared CA treatment (DS-MC) that had the 

highest maize grain yield (Figure 3). There was a  

significant difference of 1,802 Kg ha
-1

 on observed 

maize grain yield compared between CT treatment 

(CPM1) and CA treatment (DS-MC) treatments. 

Furthermore, maize grain yield also generated highly 

significant difference (P<0.003) among treatments 

(Table 3). This statistical analysis from the ANOVA 

table also confirmed this variation and is graphically 

shown in Figure 3. In addition, there was highly 

significant difference (P<0.003) between CT treatment 
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(CPM1) and CA treatments (DS-MC) were the later 

had higher maize grain yield (Figure 3). Also results 

revealed significant difference (P<0.003) among the 

CA treatment with DS-MC having a higher maize yield 

than DS-M/C (Figure 9). 

Figure 3: Maize Grain Yield Measured From the Long Term Trial at Msekera Research Station during 2014/15 

Season 

 

Evaluation of the Long-Term Effects of Rainfall and 

Temperature Changes on Crop Yields under CA 

Predicted Using APSIM 

APSIM long term simulated and observed outputs for 

maize biomass yield for CT treatments was compared 

with CA treatments using linear regression R-squared 

(Figure 4). R-squared provided an estimate of the 

strength of the relationship between the observed and 

simulated values of the model. R-squared is a statistical 

measure of how close the data are to the fitted 

regression line. The R-squared obtained accounted for 

39.4percent that was low. This meant that there was 

less variance that was accounted for by the regression 

model and the far apart the data points fall to the fitted 

regression line (Figure 4). Furthermore, the magnitude 

of the differences (p<0.001) between observed and  

simulated results is generated in the ANOVA table 

(Appendix 7). The simulated resulted had higher 

average biomass yields compared with the observed 

results that had lower results. However, there was no 

significant difference (p<0.076) within treatments on 

biomass yield for the observed results as generated by 

ANOVA table (Appendix 7). Nevertheless, the model 

over-predicted the observed biomass yield for the four 

treatments compared to the measured results as 

confirmed by low R-squared value (Figure 4). 
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Figure 4: Comparison Between the Observed and Simulated Biomass Yield From Both Conventional Tillage and 

CA Practices for 2014/15 Growing Season at Msekera Research Statio

The comparison between observed and simulated 

results on maize grain yield showed a positive 

correlation (Figure 5). The regression model below 

(Figure 5) accounts for 74.8percent of the variance. 

There was more variance that was accounted for by the 

regression model and the closer the data points felled to  

 

the fitted regression line. The generated ANOVA on 

maize grain yield (Appendix 8) confirmed this 

variation. There was significant differences (p<0.001) 

between average observed and simulated measurements 

(Appendix 8). There was significant differences 

(p<0.031) among the observed results for maize grain 

yield as generated by the ANOVA table (Appendix 8).

 

Figure 5: Comparison between Observed and Simulated Maize Grain Yield from both Conventional Tillage and 

CA Practices for 2014/15 Growing Season at Msekera Research Station 
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The baseline weather data used for the long-term 

simulation comprised of the following climate change 

scenarios namely; Baseline-Default no climate change 

(Figure 6), 11.3percent increase in rainfall (Figure 7), 

11.3percent decrease in rainfall (Figure 8), 1
o
C increase 

in temperature (Figure 9), 2
o
C increase in temperature 

(Figure 10) and 3
o
C increase in temperature (Figure 11) 

respectively 

 

Figure 6: Predicted Maize Grain Yield from Conventional Tillage and CA Practices Using APSIM Simulation for 

85 Growing Seasons Long-Term Trial with Baseline No Climate Change Scenarios Application at Msekera 

Research Station 

 

 
Figure 7 shows the graphical APSIM simulated output 

results for maize grain yield for 85 seasons. Increase in 

rainfall by 11.3percent per annum applied to the 

APSIM model CA long term simulation increased 

maize yield for CA treatments by 0.4percent compared 

with the baseline no climate change scenario

 
Figure 7: Predicted Maize Grain Yield From Conventional Tillage And CA Practices Using APSIM Simulation 

For 85 Growing Seasons Long-Term Trial With 11.3 percent Rainfall Increment As Climate Change Scenario At 

Msekera Research Station 
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When rainfall was reduced by 11.3percent per annum 

(CC2-11.3percent rainfall decrease) there was an 

increase in simulated average maize grain yield for CA 

treatments (Figure 8). Therefore, simulated average 

maize grain yield for CA treatments increased by 

4percent compared with baseline-no climate change 

scenario. Moreover, maize grain yield outputs for CA 

treatments varied among different seasons used in the 

APSIM model simulation for 85 seasons 
 

 

Figure 8: Predicted Maize Grain Yield from Conventional Tillage and CA Practices Using APSIM Simulation 

For 85 Growing Seasons Long-Term Trial With 11.3 percent Rainfall Decrease As Climate Change Scenario at 

Msekera Research Station 

The simulated results revealed that temperature 

variability had a negative effect on maize grain yield 

for CT treatment. When temperature increase of 1
o
C 

was applied to the crop simulation model as a climate 

change scenario, the average maize grain yield 

decreased for CT treatment (Figure 9). Simulated 

average maize grain yield for CT treatment decreased 

by 11percent (454 Kg ha-1) compared with the 

baseline-no climate change scenario application to the 

model (Figure 9). Furthermore, the increase in 

temperature resulted into 22 seasons experiencing 

adverse drought out of the total 85 seasons simulated 

by the APSIM model 
 

Figure 9: Predicted Maize Grain Yield from Conventional Tillage and CA Practices Using APSIM Simulation for 

85 Growing Seasons Long-Term Trial with 1
o
C Temperature Increment as Climate Change Scenario at Msekera 

ResearchStation
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Similarly, when temperature was increased by 2
o
C as 

climate change scenario (CC4-2 degree increase) the 

simulated average grain yield for CT treatment 

continued to decrease (Figure 10). The simulated 

output results showed a negative effect of temperature 

rise on maize grain yield for CT treatment. There was a 

21 percent (868 Kg ha-1) reduction in maize grain yield 

compared with the baseline-no climate change 

simulation (Figure 10) 

Figure 10: Predicted Maize Grain Yield from Conventional Tillage and CA Practices Using APSIM Simulation 

for 85 Growing Seasons Long-Term Trial with 2
o
C Temperature Increment as Climate Change Scenario at 

Msekera Research Station 

 
When temperature of 3

o
C increase was applied as 

climate change scenario (CC5-3 degree increase) to the 

crop simulation model, a further negative effect on 

maize grain yield for CT treatment happened as shown 

in Figure 11. As a result of temperature rise by 3
o
C, the 

APSIM model predicted an average maize grain yield 

reduction of 31 percent (1278 Kg ha-1) for CT 

treatments compared with the  

 

 

baseline-no climate change scenario output results. In 

addition, application of (CC5-3 degree increase) as 

climate change scenario in this crop simulation model 

further revealed that apart from the maize grain yield 

reduction for CT treatment, 28 seasons will experience 

adverse drought that will complement reduction in 

yields (Figure 11) 
 

Figure 11: Predicted Maize Grain Yield from Conventional Tillage and CA Practices Using APSIM Simulation 

for 85 Growing Seasons Long-Term Trial with 3
o
C Temperature Increment as Climate Change Scenario at 

Msekera Research Station 
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Evaluation of the long-term effects of rainfall and 

temperature changes on soil water under CA 

predicted using APSIM 

The comparison between the observed and simulated 

data using a linear regression (R2) on soil water is 

shown in Figure 12. The regression model accounts for 

91.40percent of the variance, which was a high value. 

The graphical linear regression analysis revealed that 

the more variance that was accounted for by the 

regression model the closer the data points fall to the 

fitted regression line. Theoretically, if a model could 

explain 100percent of the variance, the fitted values 

would always equal the observed values and, therefore, 

all the data points would fall on the fitted regression 

line. The R-squared value in this case was higher and 

closer to 100percent, and this explained that the model 

was perfectly calibrated (Figure 12). The average 

values for accumulated soil water from the different 

soil layers were 73.29mm for observed and 70.95mm 

for the simulated results respectively. Whilst, the 

average RMSE was 5.57 and NRMSE was 8.6percent 

confirming that the model perfectly predicted the long 

term effects of rainfall and temperature changes on soil 

water accumulation for the four treatments. 
 

 

 
Figure 12: Comparison between Observed and Simulated Soil Water from both Conventional Tillage and CA 

Practices for 2014/15 Growing Season at Msekera Research Station 

 

 
 

 

Discussions  

Effect of Conventional and CA Practices on 

Normalized Difference Vegetation Index (NDVI) 

The application of NDVI that combined the readings at 

different wavelengths provided a more precise 

determination of the plant nutritional status for maize 

crop. NDVI showed nitrogen content in the leaves 

through chlorophyll at various phenological stages in 

this case of maize crop that was grown under different 

treatments at Msekera Research Station. In this study, 

results revealed CA treatments had higher NDVI values 

at the initial stage of growth compared with CT 

treatments. This was attributed to the availability of soil 

N the maize crop was getting under CA practice 

through N mineralization process in addition to the 

applied inorganic N. It was further clear that the two 

CT treatments had lower initial NDVI readings as 

compared to the CA treatments. This was attributed to 

the absence of additional soil N from residue retention 

apart from the synthetic N uptake by the maize crop. It 

is important to note that nitrogen is primarily 

introduced to the soil either through synthetic fertilizer,  

or the breaking down of crop residue and soil organic 

matter. Previous work has shown that NDVI values 

were most closely correlated with the nitrogen content 
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of the leaves (Raun et al. 2001). Therefore, it was 

observed that the absence of crop residue in the CT 

treatments contributed to unavailability of soil N from 

the breakdown of crop residue.  

 

Generally, CA treatments had higher NDVI values that 

translated into maize leaves with greener phenological 

appearances at the initial 24 days after planting (DAP). 

The same greenness of the leaves prevailed in the CA 

treatments up to 60 DAP despite the experienced 

prolonged dry spell at Msekera Research Station. The 

greenness of leaves for maize crop was attributed to 

availability of N from both SOM and inorganic 

supplemented fertilizer in the CA treatments. And also 

the residue on the soil surface increased water 

infiltration and storage that was cardinal requirement 

for plant growth. After 60 days of planting, the supply 

of N to the leaf of maize crop was reduced and 

concentrated on grain filling of the cobs. At that time of 

maize crop grain filling, the chlorophyll content in the 

leaves started to decrease due to translocation of 

assimilates from leaf to grain that led to the conversion 

of the lower color of leaves to yellow most 

predominately in the CT treatments. From the 

phenological observation, the greenness of the leaves 

changed to pale green colour and the lower leaves 

eventually started yellowing. At that stage of plant 

growth, the NDVI values started going down for all the 

treatments more especially the CT treatments.  

 

NDVI values were able to show the maize crop growth 

at several stages, it was also observed that under CT 

treatments the nitrogen supply to the plant was not 

adequate. This was because ploughing and hoe ridging 

under CT treatments disturbed soil layers and thereby 

destroying the structure of soil. When the soil structure 

was destroyed, water infiltration and soil organic matter 

was also reduced. Also absence of organic matter under 

CT treatments rendered soil less capable of retaining 

sufficient nutrients and water in the soil. The opposite 

was observed in the CA treatments were the presence 

of SOM lasted longer in the soil as humus. And 

according to Thierfelder and Wall (2014) plant 

nutrients associated with humus are more available 

than inorganic forms of the same nutrients. This 

confirmed the higher NDVI values and the greener 

maize leaves obtained from the CA treatments as 

compared with the CT treatments.  

Effect of Conventional and CA Practices on Maize 

Yield 

There was a highly significant difference between the 

biomass yield from CT and CA treatments (Figure 2). 

Direct seeder maize-soybeans (CA) treatment had 

higher biomass compared with conventional practice 

ridge and furrow (CT) treatment that had lower 

biomass yield. This was attributed to the presence of 

crop residue on the surface of the soil for CA treatment 

during the growth. Crop residue retained on the surface 

of the soil improved the soil structure and nutrient 

availability through decomposition. This was beneficial 

to the growth of maize crop under CA treatment that 

culminated into higher biomass yield. Phenological 

assessments of germination on CA treatments showed 

an earlier and more even germination compared to CT 

treatments, and that contributed to the biomass yield 

advantages. In addition, crop residues were retained in 

CA treatments, whereas they were removed from CT 

treatments in line with the current farmer practices in 

Zambia. The field observation further revealed that CA 

treatments generally worked well with residues 

retention, as many benefits were derived from surface 

mulch.  

However, the drawback from the on-farm fields for 

most smallholder farmers is that they manage mixed 
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crop-livestock systems and depend on the residues for 

fodder during the dry season. And according to similar 

findings by Thierfelder et al., (2014), who observed 

that residues retained on the surface of the soil 

increased infiltration, more of the rainfall went into the 

soil and less was lost by evaporation. So there was 

enough water in the soil for plant growth. Some water 

may have been lost to the crop by drainage, but in most 

cases especially during the prolonged dry spell periods 

experienced during the study, there was sufficient water 

available for plant growth. Thierfelder et al., (2014), 

further confirmed that crop residues protect against soil 

erosion because more water goes into the soil, less 

water runs off the land. Therefore, the study suggested 

that residues retained on the soil surface slowed the 

flow of runoff water across the land. The combination 

of these two factors leads to large reductions in water 

erosion. Mupangwa et al., (2012), further reported that 

residues also protected the soil from the wind, and as 

the soil was not loosened by tillage in CA systems, 

there was markedly less wind erosion. The field 

observations further revealed that crop residues 

increased biological activity. The other observation was 

that residues provided a constant food source for soil 

fauna and flora, and a habitat for many organisms. 

Therefore, it was obvious that the populations of soil 

organisms increased under CA. Most of these soil 

organisms were beneficial to plant growth as they 

assisted to produce soil pores or attacked crop pests 

found in the CA treatments. Contrary to the CT 

treatments that had no crop residue retention, the plots 

were under clean tilled agriculture only the crop was 

present and there was no food source except the crop 

itself for soil organisms and there was no habitat for 

predatory insects. 

 

There was variability that existed on maize grain yield 

among treatments with highly significant difference 

between observed DS-MC and CPM1 treatments under 

CA and CT systems respectively (Figure 3). DS-MC 

treatment had higher measured maize grain compared 

with CPM1 treatment that had lower grain yield. The 

significant difference observed between the two 

treatments was attributed to the role CA played as its 

rotation effects could not be separated from the effect 

of tillage. This clearly explained why observed yields 

from the CA treatments with rotation were higher on 

the CA long-term trial at Msekera Research Station 

during the 2014/15 season. The combination of a 

leguminous rotational crop (cowpea) with maize added 

more nitrogen to the cropping systems, reduced pests 

and diseases such as Striga (Striga asiatica L.), a 

parasitic maize weed that is common in Zambia, and 

improved soil structure. According to Thierfelder et al., 

(2014), who reported that under CA, rotations will 

often be better than a monoculture even if legumes are 

not included in rotation? He further suggested that, the 

best economic returns from rotations can be obtained if 

legumes are included because of the nitrogen they add 

to the system. Meanwhile, the study revealed that 

rotations alone were not sufficient to maintain high 

crop productivity, but extracted nutrients had to be 

replaced by synthetic fertilizers. The two legume crops 

(cowpea and soybean) were rotated with the cereal 

(maize) in this study from the recommended growth 

strategy of nutrient accumulation versus nutrient 

depleting crops. Furthermore, the combination took 

into account the importance of rotating different 

species, and especially species that have different pests 

and disease prevalence. 

 

Generally, the maize yields from various CA treatments 

performed better than yields of farmers in Chipata 

district with observed 439 Kg ha 
-1 

average increase. 

However, in Zambia maize productivity is still low and 

the average yield is 1,700 Kg ha 
-1

 (CSO report, 
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2013).Therefore, the measured field results confirmed 

that CA rotational treatment with cereals and legumes 

outperformed the other CA treatments at both on-

station and on-farm CA long term trials. Mupangwa et 

al., (2012) also confirmed that results from Kayowozi 

on-farm experimental site in Chipata district showed 

that maize yields in a Direct seeded CA treatment, 

using cowpea seeded with a dibble stick in full rotation, 

increased by up to 78percent after four cropping 

seasons in comparison to a conventional control using a 

ridge and furrow system. As for CA treatment with 

maize intercropped with cowpea in order to benefit 

from both crops, the effectiveness of this strategy in 

controlling pests and diseases was uncertain. The 

treatment showed very strong competition between the 

cereal (maize) and the intercropped legume (cowpea). 

As a result, maize yields in DS-M/C were the lowest 

among the observed CA treatments during the 2013/14 

season (Figure 3). This was attributed to the fact that 

crops grown as intercrops should be of different growth 

habits, canopy structure and rooting architecture. Under 

this treatment relay-intercropping was used to grow 

two crops (maize-cowpea) simultaneously during part 

of the life cycle of each. The second crop (cowpea) was 

planted after ten days of planting the first crop (maize) 

but of course before reaching reproductive stage. 

Furthermore, spatial arrangement of cereal and legume 

crops in intercropping system was used with an 

arrangement of component crops in an alternating row 

manner with one row of cereal followed by a row of 

legume. The study observed that the 10 days phase 

seeding of cereal (maize) and legume (cowpea) crops in 

the intercrop treatment was too short and resulted in 

high competition between the two crops. This 

subsequently contributed to the low yields for biomass 

and grain obtained from CA intercropped treatments as 

compared to the others under the same cropping 

system. However, a high cereal and legume yield when 

compatible crop species are intercropped improves soil 

fertility when grain legumes or leguminous green 

manure cover crops are intercropped with cereals. And 

according to (Shitumbanuma et al., 2014), 

intercropping helps to break the cycles of diseases, 

weeds and pests. Therefore there was need to increase 

the period between seeding of cereals and that of the 

legumes in this intercropping system in order to avoid 

intercrop competition for light and nutrients. But 

according to Wall, (2009), when compatible crops are 

selected, no negative effects on crop growth and yield 

are experienced on different dates that are relay 

planting. The cereal is often seeded first and the legume 

can be seeded up to eight or more weeks after seeding 

the cereal depending on the species and purpose of the 

legume selected (Wall et al., 2014).  

Evaluation of the Long-Term Effects of Rainfall and 

Temperature Changes on Crop Yields under CA 

Predicted Using APSIM 

Model Calibration and Simulation of Long Term 

CA Effects under Climate Change 

The model predicted that there will be approximately 

0.4percent increase in maize grain yield on average for 

CA treatments when 11.3percent increase in rainfall 

climate change scenario was applied to the model. 

Mkonga et al., (2013) also confirmed that the increase 

in yield on CA treatments does not necessarily depend 

on the increase in rainfall. In addition, the model 

predicted an average increase in maize crop yield for 

CA treatments of 4percent (171 Kg ha
-1

) with the 

application of 11.3percent decrease in rainfall as 

climate change scenario. The model prediction on the 

decrease in cumulative rainfall or drought consistently 

confirms the potential of CA to off-set the future 

effects of climate change on crop productivity. And 

according to the finding of Dimes et al., (2010) that 
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revealed that APSIM output showed that increasing 

CO2 concentrations increased maize crop yields in the 

order of 6–8percent. The simulated results revealed that 

reduction in annual rainfall had a positive impact on 

maize grain yield. However, Dimes et al., (2010) 

concluded that it is increasing of temperature and not 

reducing rainfall that has the most dramatic impact on 

crop grain yields with simulated results showing a 

reduction of 16percent for the two cereals (maize and 

wheat), 31percent for groundnut, but only 3percent for 

pigeon pea respectively. On temperature, the model 

predicted an 11percent (454 Kg ha-1) decrease in 

average maize grain yield for CT treatment when 1 
o
C 

increase climate change scenario was applied to the 

crop simulation model. The results further revealed that 

there was significant decrease in average maize grain 

yield for CT treatments as compared to the CA 

treatments when temperature was raised as climate 

change scenario. The study suggests that in future 

smallholder farmers who will want to continue 

practicing CT should not adopt longer duration cultivar 

rather than shorter duration germplasm. The shorter 

duration germplasm will seem to be more appropriate 

response in dealing with the effects of climate change. 

Another preliminary indicator is that opportunities for 

increased cropping intensity and accelerated use of 

legumes in the farming system could emerge under 

climate change. Furthermore, the APSIM model 

predicted a of 21percent (868 Kg ha
-1

) decrease in 

average maize grain yield when 2 
o
C increase in 

temperature was applied as climate change scenario. 

The simulated results further revealed a 31percent 

(1,278Kg ha
-1

) when 3 
o
C increase in temperature was 

applied as climate change scenario respectively. In 

support of the model‟s prediction, Tumbo et al., (2010) 

observed that maize grain yield in the future seasons 

are only expected just below 2 t ha
-1

 for CT practice as 

a result of climate variability. He further reported that, 

probability of maize grain yield gain of 2 t ha
-1

 is quite 

significant in the long period of CA practice adoption 

in future amidst climate change.  

 

According to IPCC, (2001) report that suggested that 

global surface air temperature may increase by 1.4 ºC 

to 5.8 ºC at the end of the century. Tumbo et al., 

(2010), confirmed that CA practices stand a greater 

chance to adapt to climate change at least by 2050, 

where temperature is projected to increase by 2 ºC and 

rainfall to increase by 56 mm during the long rainy 

season. Therefore, this temperature rise prediction will 

greatly contribute to decrease in crop yield mostly for 

major crops like maize that is a staple food for most 

Southern African countries. Suffice to mention that 

despite the decrease in maize grain yield in response to 

temperature rise, CA will continue to perform better 

than the CT practices as shown in the results of this 

study. And according to Watson et al., (2000) who 

reported that for temperature increase to above 3 °C, 

yield losses are expected to occur everywhere and be 

particularly severe in tropical regions. He further 

reported that in parts of Africa, Asia, and Central 

America yields of wheat and maize could decline by 

around 20 to 40 percent as temperature rises by 3 °C to 

4 °C, even assuming farm-level adjustments to higher 

average temperatures. The decrease in cumulative 

rainfall has no significant impact on grain yield and 

productivity as it led to an increase in maize crop yield 

especially as predicted by the model for 85 cropping 

seasons under the three CA treatments. By adopting 

CA practices in a long run, higher maize yields are 

predicted compared to the CT practices, averaging 24-

30percent estimated increases in the long run. 

Therefore, the findings of the study emphasizes on the 

need to continue practicing CA in seasons to come so 

as to expect much better crop yields than the current 

situation in relation to maize production. However, the 



   Int. j. sci. footpr.  Mwansa et al., (2017) 

largest scope for dealing with reduced crop yields and 

food insecurity under future climate change is to raise 

the productivity of smallholder rain fed cropping 

systems in Zambia. 

Evaluation of the Long-Term Effects of Rainfall and 

Temperature Changes on Soil Water under CA 

Predicted Using APSIM 

The APSIM model simulated that rainfall had a 

positive effect on the soil water accumulation mostly 

for CA treatments. Increase in annual rainfall had an 

advantage on CA treatments as the soil water 

accumulation was equally increased and coupled with 

the presence of crop residue on the soil surface 

improved soil water storage. Reducing the annual 

rainfall in the crop simulation model by 11.3 percent as 

climate change scenario showed no significant effect 

on soil water accumulation in the CA treatments. 

Furthermore, when temperature was raised from 1 to 3 

o
C, there was no significant decrease in soil water 

accumulation in the CA treatments. However, the CT 

treatment had significant effects of raised temperature 

as compared to CA treatments.  

 

During the drying out phases after the cropping season, 

APSIM model simulated that direct seeder maize-

cowpea rotation (DS-MC) treatment maintained more 

soil moisture than the other CA and CT treatments as a 

result of available crop residue cover on the soil surface 

that was able to maintain good and conducive 

temperature. The basins with maize (BAM) treatment 

under CA system maintained the lowest moisture 

content at drying out period among the three CA 

treatments. This was contrary to the principles of CA in 

most cases. There was a positive correlation on the 

simulated APSIM outputs between the maize grain 

yield and soil water in this experiment as was analyzed 

using the linear regression. However, on average, the 

first two layers at 10-20 cm and 20–30 cm were 

particularly interesting in this comparison, with a 

greater distinction between treatments. When all four 

layers were combined into one soil moisture profile of 

0–40 cm, it was observed that the three CA treatments 

had more moisture (in mm) than the conventional 

control plot.  

 

The presence of soil moisture in the CA treatments 

confirmed that this technology has higher potential to 

mitigate the effect on climate change on crop 

production and water harvesting. The APSIM model 

also revealed that soil moisture retention in CA 

treatments was not affected by drought but slightly as a 

result of increase in temperature. And according to the 

study by Chen et al., (2013)  who reported that APSIM 

model showed promise in simulating soil water 

balance, crop growth and grain yield measured in the 

field experiments for different cropping systems and 

CA technologies in the Loess Plateau of Gansu in 

China. In addition, Connolly et al., (2002) also reported 

that APSIM model generally simulated infiltration, 

runoff, soil water and water balance, and yield as 

accurately and reliably as other soil crop models. He 

was able to demonstrate that the model is suitable for 

evaluating effects of infiltration and soil water relations 

on crop growth. However, the long term simulation on 

the effect of rainfall and temperature on soil water 

revealed that out of 85 years simulation 22 seasons will 

experience adverse drought and that will consequently 

result in yield reduction most especially for the CT 

practices. 

Conclusion 

Conservation Agriculture aims at increasing crop 

productivity and production mostly among smallholder 

farmers in Sub-Saharan Africa. The anticipated long-
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term CA intervention will increase adoption of resilient 

farming systems leading to improved food supply, 

reduce hunger, counter rising food prices, and improve 

responses to food emergency crisis by extending the 

area of land under CA practices. The canopy analysis 

on the effect of treatment on maize yield through a 

NDVI revealed that CA treatments had greener 

vegetation compared to CT treatments. CA treatments 

had higher positive NDVI values an indication of 

healthier maize with more chlorophyll for plant growth. 

NDVI analysis positively correlated to maize grain and 

biomass yields for observed treatments. In addition, 

NDVI analysis proved to be a very helpful tool in 

estimating photosynthesizing ability of plants, primary 

production, and maize yield. Furthermore, the 

performance of the APSIM model on crop simulations 

was perfect on the effect of rainfall and temperature 

changes on both crop yields and soil water dynamics 

under CA practices. Even though the APSIM model 

over-predicted maize biomass yield as a result of 

failure to recognized some variability that existed in the 

environment during the 2014/15 season at Msekera 

Research Station. The variability includes the severe 

moisture deficit that characterized the season most 

especially during the prolonged dry spells. The crop 

simulation model was performed for 85 seasons and the 

simulation model outcome considered five rainfall and 

temperature related climate change scenarios. The 

reduction on the amount of rainfall under simulation 

had a positive effect on crop production has it raised 

maize grain yield by 4percent on average for CA 

treatments. Nevertheless, the research revealed that 

increase in temperature had a negative effect on maize 

crop yield for CT treatment. Increase in temperature to 

3 
o
C resulted in average maize crop yield decrease of 

up to 31 percent compared with the baseline no climate 

change. Moreover, under the same climate change 

scenarios, the ASPIM model similarly simulated high 

soil moisture under CA treatments compared with CT 

treatment. The long term simulation on the effect of 

rainfall and temperature on soil water also revealed that 

out of the 85 years predictions, 22 seasons will 

experience adverse drought and that will consequently 

result in yield reduction especially for the CT practices. 

Nevertheless, the long-term future climate change 

simulations revealed that CA was less vulnerable to 

climate variability expressed by higher yields in drier 

seasons compared to CT practices. Similarly, 

cumulative probability distribution indicated that CT 

was more of a risky system compared with CA 

systems. Therefore, the study has proved that adoption 

of CA systems in Eastern Province of Zambia will 

prepare smallholder farmers for the anticipated future 

threats of climate variability and changes in agriculture 

sector. While application of full principles of CA 

system indicated benefits in terms of less vulnerability 

to lower grain yields in dry seasons like the current one 

that had more than 21 days prolonged dry spell. 
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