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Abstract: Drainage lysimeter is the one of the standard method for directly measuring crop   evapotranspiration (ETc). The 
determination of crop water requirement is one of the key parameters for precise irrigation scheduling especially in regions 
with limited water resources. The study was to determine the influence of organic materials on evapotranspiration of maize 
crops in semi-arid region of Maiduguri, Nigeria. A drainage type lysimeter of 0.6m height, and 0.3 diameter with cross-
sectional area of 0.85m2 was used. The organic materials used were; Moringa olifera leaves and Groundnut Haulm 
respectively, were ground and incorporated into the soil at tonnage of 4.5 t/h.  The organic materials (treatments) were laid 
in Randomized Complete Block Design (RCBD). For consistency water application, an irrigation interval of 4 days was 
maintained. Furthermore, accumulated measured ETc for maize all stages of growth was found highest in moringa leaves 
treatment with ETc of 342 mm respectively. However, moringa treatment had significantly (p<0.05) influence on the growth 
parameters at all stages of growth, crop coefficient and yield of the crop studied than any other organic materials. 
Nevertheless, the highest average maize crop coefficient values of 0.40,1.09 1.3 and 0.7, at all stages of growth was induced 
by moringa. Likewise, regression analysis revealed that cob length and number of seed per cobs is the highest independent 
variable influencing the yield of the maize than any other yield parameter experimented with regression coefficients of values 
of 73.40, 506.40, and 437.25, respectively. In addition, the crop evapotranspiration values of maize crops using the lysimeter 
for four stages of growth were 18.8, 88, 141.2 and 88 with seasonal total ETc of value of 336mm, respectively. Thus, implies 
that the applicability of moringa olifera as treatment is a good representation of improving maize crop evapotranspiration 
to semi-arid region with sandy soil. 
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1.0 Introduction 

Agricultural water users must plan an annual water budget in semi-arid and arid region 
lands and area where water usage is regulated due to ecological protection programs, limited 
resources and competitive demand (Barrett, 2005). Therefore, the Knowledge of crops 
evapotranspiration (ETc) is important in scheduling irrigations, optimizing crop production, 
modelling crop evapotranspiration and crop growth. The ability to measure, estimate, and 
predict cereal crop ET and water requirements can result in better satisfying the water needs 
of crops and improving water use efficiency in arid and semiarid regions. Lysimeter are the 
most reliable research tool for direct evaluation of evapotranspiration (Lu et al., 2005) The 
knowledge of water requirement at various stages of crop growth through the use of 
lysimeter makes it possible to manage rainfall, even with its inherent uncertainties in 
amount, duration and distribution, to the best advantage of the crop (Martínez et al., 2004).  
Irrigation plays an important role in food production globally, irrigation is the supply of 
water to agricultural crops by artificial means, designed to permit farming in arid region and 
to offset the effect of drought in semi-arid region and even in areas where total seasonal 
rainfall is adequate or average (FAO,2011). Maize (Zea mays) is a tropical crop largely grown 
in various parts of northern- Nigeria, it performs well when irrigated or rain fed with about 
600-900 mm of rainfall per annum at a temperature range between 20oC and 25oC (Arora 
2004).According to (Bashir et al., 2006) the seasonal irrigated pearl maize ETc values 
estimated to be 596 mm and the estimated Kc values at the initial, development, midseason 
and late season stages were 0.62, 0.85, 1.15 and 0.48, respectively, using the energy balance 
model. Again, according to (Piccinni et al.,2009), hybrid maize was grown between 2006 and 
2008 in crop lysimeter fields, which were used in the determination of Kc. They found 
seasonal accumulations ETc in 2006, 2007 and 2008 with values of 491, 533 and 521 mm, 
respectively, However, elevation of organic material level in the soil can promote increased 
crop yield, stored moisture and enhancing evapotranspiration especially in sandier soil by 
management of cation exchange avoiding major losses by leaching (Yanfei et al., 2006). In 
addition, organic material is an important way to provide nutrient to plant and may promote 
greater absorption efficiency resulting in productivity gain (Sendiyama et al.,2009). Moringa 
Olifera is a tropical crop, grown for its nutritional and medicinal purposes. According to 
(Foidl et al., 2001). Moringa has been reported to possess wide adaptations and high 
nutrients composition in its biomass (Bosch, 2004). Furthermore, groundnut haulm has 
most of the qualities of mulching materials, but is not commonly used in the semi-arid region 
of Africa (maduka, 2011). Most crops grow best in soil with organic matter content between 
2 and 5 percent (Pennsylvania. 2009). Therefore, the current study is undertaken to 
determine the influence of organic materials on maize crop evapotranspiration and 
coefficient in semi-arid region of Maiduguri North-Eastern Nigeria.  
2.0 Experimental and Site Description 
The experiment was conducted at the Teaching and Research Farm, of the Ramat 
Polytechnic, Maiduguri, in the Sudano-Sahelian region of northern Nigeria. The site lies 
between latitude 1105 N and longitude 13009E (Kyari et al., 2014). The area is about 335m 
above sea level and lies within the lake Chad Basin formation, which is an area formed as a 
result of down –warping during the Pleistocene period (Waziri, 2007).  
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 2.1 Materials and Methods   

2.1.1Treatment and Experimental Design 

The experimental factors to be considered in this studies are maize crop and organic 
materials. The organic materials were two level, namely Moringa Olifera leaves, Groundnut 
haulms and control. These factors were combined and replicated three times to form a total 
of 12 treatments which were laid in a Randomized Complete Block Design (RCBD).  (Figure 
3.1) Essentially, in each plot was a lysimeter in which crop was planted and organic material 
were incorporated. 

2.1.2 Lysimeter Installation  

The experimental site was15m x 15m. The selected area was divided into 3 Plots of 14m x 
4m each with a foot path of 1.5m in between the plots. Subsequently, the entire land area 
was fumigated manually to prevent the crops from pest attack. Drainage type lysimeter of 
0.6m height, and 0.3 diameter with cross-sectional area of 0.85m2 were used for this study. 
A plastic container (5 liters) was placed at 1m away from the lysimeter to serve as drainage 
collector. However, 0.02m (2cm) diameter plastic pipe was used to link between the 
lysimeter and the drain collector. The Installation was accomplished by used of backhoe, 
forklift, hand shovels, and hand tools. An order of returning excavated soil for the lysimeter. 
“last out first in and first out last in” was used to maintain same natural soil structure or 
arrangement as suggested by Shukla et al., (2007). Furthermore, the lysimeter were set into 
the soil pebbles and wire mesh was placed at the bottom of the lysimeter to a depth of 5cm 
in order to facilitate easy drainage and help in preventing blockage of the drain. The organic 
materials used for this study were moringa Olifera leaves, groundnut haulm and a control 
plot were grown and incorporated into the soil at 0.45kg/m2 tonnage to a depth of 8 inch 
beneath the soil for the all experimental unit, the crop was irrigated as per the design of the 
treatments. Measured quantity of water was applied ensuring drainage. Soil moisture was 
measured before each irrigation. Since the experiment was carried out in dry season no 
rainfall part was considered and only change in stored soil moisture during the period under 
consideration were subtracted from the applied water to obtain crop evapotranspiration 
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(ETc). Data on growth and yield parameters were recorded and subjected to Analysis of 
Variance (ANOVA) using STAISTIX 8.0 computer package. Duncan’s New Multiple Range Test 
was used to separate the significant means at 5% level of probability. 

2.2 Estimation of Crop Evapotranspiration (ETc) using lysimeter 

The determination of crop evapotranspiration using lysimeter was achieved using Equation 
(1) below as suggested by (Sharma 1995). However, the moisture available in the soil at the 
root zone of the crops in each lysimeter was estimated using speedy moisture meter. 
Nevertheless, the difference between water applied and water drained was determined 
using measuring cylinder. 

               𝐸𝑇 = 𝑅௪ + 𝐼௪ − 𝑄𝐷 ± ∆𝑆                                                    (1)                                                              

Where: ET= Evapotranspiration (mm/day), Rw = Rainfall Water (mm) Iw = Irrigation Water 
(m3) QD=Quantity of water drained Δs=Surface & Subsurface changes in storage difficulties 
Involved 

2.3 Estimation of Crop Coefficient 

Crop coefficient was determined at growth stages of the crops using empirical relation 
recommended by (Allen et al., 1994) shown in equation (2). 

                 𝐾     =     
ா ்

ா ்
                                                             (2)                                                                                                                           

Where, Kc is crop coefficient (-), ETc is crop evapotranspiration in (mm/day) was estimated 
as stated in 2, ETo is reference evapotranspiration in (mm/day) was estimated using pan 
method as mentioned in shown in equation (3)  

                   𝐸𝑇 =  𝐾 ×  𝐸                                      ( 3  )                                                                             

2.4 Yield and Yield Attribute 
The yield parameters at the fully maturity, the cob length was measured using meter rule 
and the mean was recorded for each treatment in (cm).  Number of panicle per plant was 
counted and the mean values was recorded. The panicle from each lysimeter in the 
experiment units were threshed, seeds were counted, and the average seed number per head 
was recorded. 
2.5 Statistical Analysis 
All data collected in the study were subjected to Analysis of Variance (ANOVA) as described 
by (Gomez and Gomez, 1984) using Statistics 8.0 package. The difference between 
treatments means were separated using least significant difference (LSD). 
  
3.0 RESULTS AND DISCUSSION 

3.1 Influence of Organic Materials on Crop Evapotranspiration (ETc)  

The experimental results obtained on influence of organic materials on crop 
evapotranspiration of maize was presented in an internationally recognized growth stages 
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Initial (10 DAS), development (35 DAS), middle (60 DAS) and late season (80DAS) as shown 
in Table 1. The organic materials used as treatment had significantly (p<0.05) influenced the 
crop evapotranspiration of maize. The highest ETc values of (20.1mm and 86.2) were 
recorded between moringa leave and groundnut haulm at initial and late stage of 
development, it was closely followed by other treatments used. At development and middle 
stages of growth, the uppermost ETc values of (90.5 mm and 150.7 mm) were found between 
moringa leaf and control plot respectively. Similarly, at late stage of growth, the highest ETc 
value of (86.2 mm) was remarkably induced from moringa and it was narrowly followed by 
both groundnut haulm and control plots experimented with corresponding ETc values of 
(78.7 and 78.1), respectively. The evapotranspiration ETc obtained in this study is also 
similar to those reported by (Adeniran et al., 2010), for sub-Saharan and is in line with the 
findings of (Meysam, 2015). For more clarification of the result see Figure 2.  

Table 1: Influence of organic materials on evapotranspiration (ETc) of maize crop at 
different stages of growth (mm) 

Means within a column followed by same letter(s) are not significantly different at 5% probability level  
  

 

Fig 2: Plots on Influence of organic materials on evapotranspiration (ETc) of maize  
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3.2 Influence of Organic Material on Stage –Wise Crop Coefficient (Kc). 

Table 2. Shows the influence of organic materials on crop coefficients of maize at different 
stages of growth in the experimented farm. The organic material used as treatment had 
significantly (p<0.05) influenced the Kc of the maize. The highest Kc values of 0.43, and 1.20 
at initial and development stages was recorded from moringa leave, at same stages was 
closely followed by groundnut haulm with corresponding Kc values of 0.43 and 0.93, 
respectively. While, at the middle and late stages of growth, groundnut haulm has the best 
crop coefficient value than all other organic material experimented. However, the least was 
recorded with the control plot. The changed in Kc could be attributed to the seasonal 
variation of leaf area which is in line with the findings of Zhang et al (2005). For more detail 
see figure 1. 
Table 2: Influence of organic materials on stage –wise crop coefficient (Kc). 

Means within a column followed by same letter(s) are not significantly different at 5% probability level  
  

 

 

Figure 3: shows the influence of organic material on stage-wise crop evapotranspiration 
(ETc) for Maize crop          
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3.3 Influence of Organic Material on Yield Parameters and Yield of maize 

Table 3. Shows the yield and it attributes as influenced by the organic material used as 
treatment in the study area. Treatments used had significantly (P<0.05) influenced the yield 
and its parameters of maize crop as shown in Table 4.11. The maximum cob length and cob 
diameter were recorded with moringa leaves 23 cm, and 18.3 cm, respectively. Closely 
followed by groundnut haulm with 20.3 cm, and 17.6 cm respectively. While the least cob 
length and cob diameter of the grain were observed in groundnut haulm and control 
lysimeter. Similarly, highest number of cobs per plant of 4 were found with moringa leaves 
and it was closely followed by groundnut haulm, while, the least was recorded in control plot. 
The findings is in line with Zhang et al. (2005).  In addition, treatments had also significantly 
induced the grain yield of the maize crop. Highest grain yield 5.1 t/ha with (578) total 
number of seed per cob was achieved from moringa leaves, closely followed by groundnut 
haulm with corresponding yield and number of seed per cobs of 4.7 t/ha and 3.5 t/ha and 
511 and 437, respectively. While the least grain yield was harvested in control lysimeter. 
This could be attributed to the nutrient content of the organic materials which have 
apparently boosted growth and development of the plant.  The findings tallied with Zhang et 
al. (2008) who observed highest grain yield of maize while using weighing lysimeter with 
the used of straw as treatment than control plot.  
 
Table 3:  Influence of organic materials on yield and yield parameters of maize  
Treatmen
t  

Cob/panicl
e 
length  
 (cm) 

Cob/panicl
e diameter  
(cm) 

Number of  
cob/panicl
e per plant 
 

Number 
seed per 
cob/panicl
e  
 
                      

  Cob 
weight 
  (Kg)    

Yield 
 
(kg/ha
) 

Maize       

Moringa 
leave 

23.0a 18.3a 4a 578a 0.8333
a 5.146a 

G. haulm 18.9c 16.5c 3ab 437bc 0.3736
c 3.540c 

Control 17.1d 16.0c 2c 324c 0.2833
c 2.591d 

SE±0.567 1.250 2.3149 1.997 59.152 0.128     
191.73 

 

3.4   Regression Studies (Sensitivity Coefficient)  
Table 4.  Shows the regression analysis on maize grain yield and its attributes to determine 
R2 relation, as well as the most sensitive coefficient among the dependent variables that 
influences the maize grain yield. maize crop exhibited R2 of 0.98%indicating high positive 
relationship, the highest regression coefficient value of 506.4069 was influenced by cob 
length, closely followed by number of seed per cobs with regression of 0.990536, while cob 
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diameter exhibited negative regression of -222.818 which indicated less influence on the 
yield of the maize. 
 
Table 4. Multiple regression analysis among the yield and growth parameters. 

Regression Coefficients 

Independent  
Variables 

 
Maize crop 

Intercept -2890.3 
Cob /panicle length 506.4069 
Cob/panicle diameter -222.818c 
Number of seed per cobs/panicle 0.990536 

R-square 0.98% 

Multiple R2 0.57% 

Adjusted  R2 0.13% 

Standard error  1.24 

 
3.5 Conclusion and Recommendations 
3.5.1: Conclusion: 
The research analyzed the influence of organic materials on crop evapotranspiration of 
maize, to determine its influence on the crop. The study employed statistical technics 
including analysis of variance (ANOVA) and Nash- Sutcliffe efficiency (NSE) and concluded 
as follows: 

(i) Analysis of variance (ANOVA) showed a significant difference between the 
treatments used (organic materials). Moringa Olifera has the highest influence ETC of 
all crops experimented 

(ii) The highest grain yield of 5.1t/ha, respectively for maize was recorded with moringa 
olifera leaves. Equally regression analysis revealed that panicle length and number 
of seed per cobs/panicle is the highest   independent variable influencing the yield of 
the maize than any other yield parameter and most often was influenced by moringa 
than other treatment.  
 

3.5.2 Recommendations 
      (i) Since this experiment is season study in a single environment, further research over 
seasons         are required so as to develop reliable values. 
       (ii) The experiment should be repeated in similar agro-climatic condition in order to 
confirm  the findings. 
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