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Abstract: Soil moisture balance from okra (abelmoschus esculentus) field was performed on experimental plot of the Department of  Agricultural  and  Environmental  Engineering,  Joseph  Sanwuan  Tarka  University  Makurdi  -Nigeria.  Field  and  laboratory experiments  were  conducted  on  four  okra  cultivars  planted  and  irrigated  by  drip  system  at  different  levels  (80%  (I1), 60%  (I2), 45%  (I3),  and  15%  (I4))  according  to  the  agronomic  practices  of  okra.    Decision  Support  System  for  agro  technology  Transfer (DSSAT)  model  for  the  Crop  Environment  Resource  Synthesis  (CERES)  was  used  to  model  soil  moisture  balance  by  linear regression (multivariate analysis of variance, (MANOVA)) and validated. The soil was sandy loam with high field capacity (FC) at I4 and nearly uniform drainage (D) except for I4.. Runoff (R) decreases from 35.71 for I1 to 0.07 for I4 implying that R, D and change in water storage (∆S) are functions of the amount and duration of irrigation. The models reported an acceptable deviation from the  ideal line  of the  R  and ∆S  at  higher values confirming degree of the  correlation between the  observed and predicted dataset but experienced difficulties with estimating lower values due to lower magnitudes in irrigation. From the foregoing it is concluded that decreasing water application results in an increase in irrigation and the reverse is also true.
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Imbalance  in  water  demand  and  supply  for  agriculture  has  drawn  many  attentions  on  model  technologies  and  management innovations that can maximize irrigation water use [1] [2], [3], [4]. In the contemporary social, economic, institutional, climatic, soil and other environmental variables, plant growth and development has been influenced by the presence of adequate moisture, warmth  and  aeration  in  the  soil  [5].  Hence;  soil  moisture  as  a  matter  of  fact  integrates  the  water  balance  components  of  land surface hydrology [6], [7], and over time to develop antecedent hydrologic fluxes  [8]. It can be used to determine soil moisture balance  components  (SMBCs)  from  a  hydrologic  balance  which  relates  soil  moisture  losses  to  a  dryness  index,  describing  the partitioning of precipitation  into evapotranspiration, runoff, and deep infiltration [9]. Climate, soil, and vegetation conditions of any ecology  nurtured soil  moisture dynamics and plant  water stress in field experiments on ecosystem response to shifts  in the rainfall  regime,  showing  that  plant  crucially  depends  not  only  on  the  total  rainfall  during  the  growing  season  but  also  on  the intermittency and magnitude of the rainfall events [10], [11]. 

Reducing  the  vulnerability  of  agriculture  to  climate  change,  and  ultimately  decreasing  the  risks  associated  to  food  security, requires  integrated  and  sustainable  water  management,  adaptation  of  cropping  systems  and  management  practices,  adopting  an efficient  use  of  both  rainfall  and  irrigation  water.  This  is  critical  considering  the  steady  increase  of  global  population  and  the limitations  on  availability  of  natural  resources,  particularly  in  vulnerable  agricultural  areas  with  water  scarcity  [12],  [13],  [2],

[14]. Although, soil water balance model for many crops exist, however the water balance application for okra field has not been investigated.  Thus,  most  farmers  do  not  know  when  to  irrigate  and  what  quantities  of  water  to  be  used  for  irrigation  and  also when to apply the drainage system in their farm, this is because they do not have the knowledge of soil moisture behavior. Hence this study has generated set of data from the field and was used to model SMBFO by DSSAT model II. Materials and Method 


The Study Area 

Based on Koppen’s Scheme  of Classification, Makurdi  –Nigeria lies within the  AW  Climate (Tropical Savannah Climate) and experiences two distinct seasons, the wet/rainy season and the dry/summer season. The rainy season lasts from April to October with annual rainfall in the range of 100-200mm [15]. The dry season begins in November and ends in March. Temperatures  in Makurdi fluctuate between 23  – 40 degrees Celsius [16]. The vegetation of the Makurdi consists of rain forests which have tall trees, tall grasses and oil palm trees with mixed grasses and trees that are generally of average height. The topography is mainly undulating  plains  with  occasional  elevations  of  between  1,500  m  and  3,000m  above  sea  level  according  to  [16].  The  main geological  formations  are  sandy-loam  shelf  basement  complex  and  alluvial  plains.  These  together  with  its  location  in  the transition belt between the north and south ecologies and a favourable rainfall pattern account for its support for a wide variety of crops [17]
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Makurdi metropolitan is located in central Nigeria along the Benue River trough and lies between Latitudes 70 and 80N as well as Longitude 80 and 90 E. with average relief of 120 m [18]. The relative humidity ranges between 50 % and 80 % and are season dependent.  The  highest  relative  humidity  occurs  between  June  and  September  while  the  lowest  is  December  to  February  [18].

Rich  agricultural produce  within Makurdi include  yams, rice, beans, cassava, potatoes,  maize, soya beans, sorghum,  millet and cocoyam. Makurdi also hosts one of the longest stretches of river systems in the country with great potential for a viable fishing industry, dry season farming through irrigation and for an inland water highway [19].

Field Experiment 

A 4 irrigation levels plot replicated by 3 cultivars of okra making a total of 12 experimental plots measuring 1m by 1m each were developed  for  contributing  very  good  surface  runoff  to  the  downstream  (Plate  1).  Paving  of  the  slope  with  burnt  bricks  was adopted to stabilize the slopping side in the boundary. A transverse 0.2 % non-erosive bed slope was adopted for the downstream portion of the plots in accordance with [20].

 

Plate 1: Experimental Plots Planted with Okra

The  field  capacity  (Fc)  at  the  experimental  site  was  determined  as  the  moisture  content  of  the  soil  sample  when  drained completely (usually within 24 to 48 hrs) in accordance with the method described by  [21], [21]. Field capacity was computed as in equation (1),

(θ

FC  =

fc−  θd)

 

(1)

θd

where;

 

θfc Is the weight of wet soil + Crucible

θd  Is the weight of oven dry soil + Crucible

Permanent  wilting  point  (PWP)  for  the  experimental  field  is  the  lowest  water  content  of  soil  measured  after  plant  has  stopped extracting water and were at or near premature death or became dormant as a result of water stress [22]. To determine the PWP

under field conditions, an okra plant  with a  well-developed tap root system at their  maximum  vegetative  growth  was identified from each cultivar, water was withheld at the end of the experiment and the plant allowed wilting. The soil moisture at that point was determined by oven dry method at 105 – 110 oC as the PWP.

Deep drainage water was determined according to [23]as follows

FC

D = Amount of moisture above

 

(2)

2PWP

where:

D = Drainage (mm)

FC = Field capacity (mm)

PWP = permanent wilting point (mm).

The runoffs from the plots were conveyed through a pipe into a plastic sump for measurement at the end of every irrigation (Plate 1).

Change in soil water storage (∆S) was estimated according to [24] as difference between the amount of water added (precipitation

+ Irrigation amount), and the amount of water lost (drainage + unsaturated flow or runoff + soil evaporation + root water uptake).

For non-rainy period

∆S i = IT – Ii

 

 

 

(3)

where;
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IT is the total amount of water irrigated on each plot

Ii is the amount of water irrigated to each plot at ith level


Model Description 

The  water  model  in  the  Decision  Support  System  for  Agro  technology  Transfer (DSSAT)  was  represented  by  one-dimensional and linear water model below was adopted:

∆S = P + I – T – E – R – D 

(4)

where:

∆S = Change soil water storage

P = Precipitation

I = Irrigation

T = Transpiration

E = Evaporation

R = Runoff

D = Drainage

The  one-dimensional  and  linear  water  model  computes  the  daily  changes  in  soil  moisture  due  to  precipitation  (P),  irrigation infiltration (I), vertical drainage (D), unsaturated flow or runoff (R) and evapotranspiration as sets of data.


Estimation of Model Parameters 

The  DSSAT  requires  information  to  calculate  processes  such  as  root  uptake  (T),  drainage  (D),  and  soil  water  evaporation  (E).

However, due to lack of instrumentation, already established maximum root water uptake (0.03 cm3) of water cm-1 of root day-1 , by [25], [26] for okra was applied. The set of data from the parameters were modeled by generalize MANOVA using Minitab 20 computer software.

The soil moisture balance for okra (SMBFO) was developed from water (DSSAT) for the Crop Environment Resource Synthesis (CERES) using the set of data from the field experiments and Minitab 16 statistical package.


Model Validation  

To  validate  the  water  balance  models,  the  predicted  (p)  results  of  components  of  water  balance,  such  as  soil  water  storage, evapotranspiration, deep percolation from root zone to buffer zone were compared with the observed (o) by plotting.

III. Results 


Data set for modeling 

Table 1   is the result (data sets) for the model imputes parameters (I, R, D, E, T ∆S) generated from the field experiment From  Table  1,  the  change  in  ∆S  was  nearly  uniform  irrespective  of  the  okra  cultivar.  However,  cultivar  P2  demonstrates  the highest  ∆S2  meaning  that  the  particular  species  does  not  demand  much  water  during  this  period  in  Makurdi  agro  climate.  P4

consequently has very low ∆S4 meaning that the amount of water taken by the plant nearly equal the amount of water supplied in as much as evapotranspiration, runoff and deperculation remain constant. 


Modeling SMBFO 

The data set for impute parameters in Table 1 were tested on the DSSAT model by multivariate analysis of variance (MANOVA) using general linear MANOVA by MINITAB software and the result shown in Table 2. We can see from Table 2 that ∆S1 has a statistically significant effect on I, R, D, E, T (F (1, 2) = 4.77; p < .005; ∆S2 (F (1, 2) = 3.56; p < .005; ∆S3 (F (1, 2) = 5.39; p <

.005.and ∆S4 (F (1, 2) = 4.83; p < .005. The results for between subject effects for the model input (Table 1) show coefficient of determination (R2) been 0.705; 0.640, 0.729 and 0.708 for ∆S1, ∆S2, ∆S3, and ∆S4 respectively for the corrected model. The total output is the sum of the individual output which is 1 and the corrected total (rest of the output) which is 3. 

Table 1: Soil Moisture Balance Parameter for Surface Drip (SD) Irrigation during 2021 and 2022

 

I1 (80%)

Irrigation  amount  Runoff (mm)

Drainage

E

T

Change  in  soil

(mm)

(mm)

moisture

P1

I1 (80%)

160

35.00

2.50

8.678

0.03

113.5

I2 (60%)

90

13.51

1.41

8.678

0.03

115.3
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I3 (45%)

30

5.60

1.65

8.678

0.03

116.15

I4 (15%)

13

0.53

2.0

8.678

0.03

114.93

P2

I1(80%)

160

30

1.47

8.678

0.03

66.01

I2 (60%)

90

34.76

2.58

8.678

0.03

74.86

I3 (45%)

30

16.19

5.62

8.678

0.03

64.97

I4 (15%)

13

5.71

2.83

8.678

0.03

66.77

P3

I1 (80%)

160

35.10

0.85

8.678

0.03

13.77

I2 (60%)

90

15.71

2.57

8.678

0.03

13.79

I3 (45%)

30

4.40

3.21

8.678

0.03

13.73

I4 (15%)

13

0.63

2.83

8.678

0.03

15.41

P4

I1 (80%)

160

35.71

3.18

8.678

0.03

1.49

I2 (60%)

90

10.95

4.73

8.678

0.03

2.35

I3 (45%)

30

5.71

3.18

8.678

0.03

2.80

I4 (15%)

13

0.07

2.91

8.678

0.03

1.95

Table 2: ANOVA for Test of Between Subject Effects for Water Balance Model Imputes Source

Dependent Variable

Type III Sum

Df

Mean Square

F

Sig. D

of Squares

Corrected

∆S1

5600.016a

1

5600.016

4.771

0.161

Model

∆S2

5414.501b

1

5414.501

3.563

0.200

∆S3

5938.525c

1

5938.525

5.390

0.146

∆S4

5661.970d

1

5661.970

4.839

0.159

Intercept

∆S1

14824.161

1

14824.161

12.629

0.071

∆S2

15906.801

1

15906.801

10.467

0.084

∆S3

15404.750

1

15404.750

13.983

0.065

∆S4

15331.031

1

15331.031

13.102

0.069

Error

∆S1

2347.549

2

1173.774

 

 

∆S2

3039.373

2

1519.686

 

 

∆S3

2203.370

2

1101.685

 

 

∆S4

2340.218

2

1170.109

 

 

Total

∆S1

17431.403

4

 

 

 

∆S2

19093.796

4

 

 

 

∆S3

17908.276

4

 

 

 

∆S4

17908.408

4

 

 

 

Corrected Total

∆S1

7947.565

3

 

 

 

∆S2

8453.874

3

 

 

 

∆S3

8141.896

3

 

 

 

∆S4

8002.187

3
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a. R Squared = .705 (Adjusted R Squared = .557)

b. R Squared = .640 (Adjusted R Squared = .461)

c. R Squared = .729 (Adjusted R Squared = .594)

d. R Squared = .708 (Adjusted R Squared = .561)

Table 3 is the multivariate test design of intercept and ∆S parameters for the different levels of irrigations. The results were exact for Wilks' Lambda, at 0.05 level of significance The multivariate tests table is an attestation to the actual result of the one-way MANOVA. To determine whether the one-way MANOVA was statistically significant we looked at the "Sig.D"  column. From Table  2  the  " Sig. "  value  was  .000,  which  means p <  .005.  Therefore,  we  can  conclude  that  the  model  impute  variable  were significantly dependent on amount of irrigation (p < .005).

The general estimable function is unity as the estimated marginal means increases gradually for I and R with increasing ∆S. The trend however fluctuates in D with the highest value of 5.5 at ∆S  of 13, and 70 (Figure 1 - 5).  The trends were uniform for E and T for all values of ∆S. This shows that the mean for I, R, D, E, T were statistically significantly different between ∆S (p < .005) Mean  values  were  statistically  significantly  different  between  ∆S  (p <  .005),  These  differences  can  be  easily  visualized  by  the plots generated by this procedure, as shown in Figure 1- 5:

Table 3: The Multivariate Test Design of Intercept and water balance parameters Multivariate Testsa

Effect

Value

F

Hypothesis

Error df

Sig.

df

Intercept

Wilks' Lambda

.019

26.274b

2.000

1.000

0.137

I1

Wilks' Lambda

1.000

.b

.000

1.500

0.000

I2

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

I3

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

I4

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

R1

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

R2

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

R3

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

R4

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

D1

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

D2

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

D3

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

D4

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

E

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

T

Wilks' Lambda

1.000

.b

.000

1.500

0.000.

a. Design: Intercept + I1 + I2 + I3 + I4 + R1+ R2 + R3 + R4 + D1 + D2 + D3+ D4 + E + T

b. Exact statistic


Model validation 

The results for validation of the new model are demonstrated by the plot of the observed vs the predicted as can be seen in Figure 6 - 8. From the plots there were linear correlation and nonlinear correlation between predicted and observed model parameters at different levels of irrigations.
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∆S

Fig 1:  Estimated Marginal Means for I

 

∆S

Fig 2:  Estimated Marginal Means for runoff (R)

 

 

∆S

Fig 3:  Estimated Marginal Means for  (D)

 

∆S

Fig 4:  Estimated Marginal Means for (E)
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∆S

Figure 5:  Estimated Marginal Means for T

 

Fig 6:  Residual Plots for R

 

Fig 7: Residual Plots for drainage (D)

 

Figure 8:  Residual Plots for irrigation (I)
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IV. Discussion 


Parameter estimation for prediction 

The soil moisture balance parameters considered in the experiment were P, I, R, D, E and T. No rainfall was recorded because the study  period  coincides  with  the  dry  season,  the  irrigation  were  scheduled  for  160,  90,  30  and  13  mm  as  I1,  I2,  I3  and  I4, respectively. The results indicated a decreasing order of D, R, and ∆S from I1 to I4 as attested to by the plot in Figure 9 (P1- P2).

ETc and Kc were nearly uniform from their plots indicating that it does not depend largely on the amount of irrigation however to an extent on the prevailing climatic variables and the nature of the soil. Runoff decreases from 35.71 for I1 schedule to 0.07 for I4.

This implies that runoff D and ∆S are functions of the amount and duration of irrigation in as much as other factor and the  soil conditions remain the same.
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P4 
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I1

I2

I3

I4

 

Figure 9(P1- P2). Response of ∆S and Kc to irrigations level for Okra cultivars There  is  no  relationship  between  D  and  the  irrigation  levels  as  it  is  purely  a  function  of  the  soil  characteristics  and  the  plant characteristics. Crop root uptake of the okra was based on the maximum 8.678 established for the plant from previous research while the evapotranspiration was calculated as 0.03 from pan experiment at the site.


Modeling and Model 

The modeling process was based on already established  DSSAT model for the CERES. The DSSAT provided for net irrigation for the entire plot throughout the season (December - February) which is off-rainy season.

The  corrected  or  modified  SMBFO  provided  for  components  like  irrigation  (I)  runoff  (R),  drainage  (D)  and  evapotranspiration (ET) for evaluation of change in water storage (∆S). ∆S is defined as the amount of water readily available for crop for extraction from its root zone [27] and depends on  soil types, depth and distribution of roots  within the  soil  mass [28]. Though  the  model outputs  were  similar  in  trend,  however  they  were  contrary  to  the  findings  of  [29]  who  reported  higher  values  than  the  values www.ijltemas.in                                                                                                                                                                  Page  127
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obtained from this study. The model recorded ∆S which varied from 5600.016 mm in I2 to 5661.970.18 mm in I4. This shows a significant correlation between irrigation and ∆S with Sig.d between 0.161 and 0.159 from I1 to I4


V. Conclussion 

Makurdi agro-ecological zones of Nigeria experiences variation in available soil moisture under different irrigation schedule. The SMBFO model has proved that I, R, and D were positively significant implying that they are the major contributors to ∆S while E

and  T  are  dependent  on  the  prevailing  climatic  condition  of  the  study  area.  Most  significant  from  the  interaction  of  the  model parameters is I followed with R then D. Plot of observed vs predicted reported an acceptable deviation from the ideal line of the R

and ∆S  at  higher values, this is confirming degree of the  correlation between the  observed and predicted dataset. However, in some cases, the low values of the R, ∆S, D and ETc failed to be simulated accurately using the standalone predictive models. Yet, the developed hybrid models revealed better degree of correlation as it can be observed for the models. The values presented here belong  to  the  predicted/observed  values  of  all  growth  stages  putted  together.  It  is  therefore  recommended  that  this  study  be extended to;

1

Different soils locations of Nigeria

2

Different climate location in Nigeria


Reference 

1.  Pereira F.L.    Gash J.H.C., David J.S., David T.S., Monteiro P.R.  Valente F(2009)  Modelling  interception  loss  from evergreen  oak  Mediterranean  savannas:  Application  of  a  tree-based  modelling  approach  Agricultural  and  Forest 

Meteorology Volume 149, Issues 3–4,  11 March 2009, Pages 680-688

2.  Pereira  L.S  (2017). Water,  Agriculture  and  Food:  Challenges  and  Issues,"  Water  Resources  Management:  An 

International  Journal,  Published  for  the  European  Water  Resources  Association  (EWRA),   Springer;  European  Water Resources Association (EWRA), vol. 31(10), pages 2985-2999, DOI 10.1007/s11269-017-1664Porporato, 2005

3. Jovanovic  N.,   Musvoto C.,  de Clercq W. P, Pienaar C.,  Petja B.,   Zairi A.,  Hanafi S.,  Ajmi T.,   Mailhol J.C,  Cheviron 

B.,  Albasha R.,  Solomon H., Yazew E,  Kifle M., Yohannes D.F.,   Aregay G.,   Habtegebreal K.,  Gebrekiros A.,  Woldu 

V  and    Froebrich  J  (2018)  A  Comparative  Analysis  of  Yield  Gaps  and  Water  Productivity  on  Smallholder  Farms  in Ethiopia, South Africa and Tunisia: Comparative Analysis of Yield Gaps and Water Productivity March 2018  Irrigation 

and Drainage 69(2) DOI: 10.1002/ird.2238 

4.  Mallareddy M., Thirumalai kumar R., Balasubramanian P., Naseeruddin R. Nithya N., Mariadoss A., Eazhilkrishna N., Choudhary  A.K.,  Deiveegan  M,  Subramanian  E.,  Padmaja  B and.  Vijayakumar  S  (2023)  Maximizing  Water  Use Efficiency  in  Rice  Farming:  A  Comprehensive  Review  of  Innovative  Irrigation  Management  Technologies.

Water 2023, 15(10), 1802;  https://doi.org/10.3390/w15101802 

5.  Gavrilescu  M.  (2021).  Water,  Soil,  and  Plants  Interactions  in  a  Threatened  Environment.  Water 2021, 13(19), 2746;  https://doi.org/10.3390/w13192746 

6.  Rodriguez-Iturbe  I,  and  Porporato  A.  (2005).  Ecohydrology  of  Water-Controlled  Ecosystems.  Cambridge  University Press, pp: 460.

7.  Lesk  C.,  Anderson W., Rigden  A.,  Coast O., Jägermeyr J., McDermid S., Davis F.F and Konar M (2022). Compound heat  and  moisture  extreme  impacts  on  global  cropyields  under  climate  change    Nature  Reviews  Earth  &  Environment 

Nature Reviews Earth & Environment 3(12):872–889 DOI: 10.1038/s43017-022-00368-8 

8.  Costa-Cabral M.C, Richey J E, Goteti G, Lettenmaier DP, Feldkotter C, Snidvongs A. (2008). Landscape structure and use, climate, and water 489 movement in the Mekong River basin. Hydrological Processes, 22: 1731-1746.

9.  Naorem N., Jayaraman. S, Dang Y.P.,   Dalal R.C., Sinha N.K., Rao Ch. S and Patra A.K (2023) Soil Constraints in an Arid

Environment—Challenges,

Prospects,

and

Implications.

Agronomy 2023, 13(1),

220;  https://doi.org/10.3390/agronomy13010220 

10.  Amilcare P, Edoardo D, and Ignacio  R, (2004) Soil Water Balance and Ecosystem  Response to Climate  Change.  Am.

Nat. 2004. Vol. 164, pp. 625–632.

11. Ridolfi  L.,   D'Odorico P.,   Porporato A. and  Rodriguez-Iturbe I. (2000) Impact of climate variability on the vegetation water stress Journal of Geophysical Research Atmospheres 105(D14):18013-18026 DOI: 10.1029/2000JD900206 

12.  Smith,  M.  (2000)  Optimizing  Crop  Production  and  Crop  Water  Management  under  Reduced  Water  Supply.  Food  and Agricultural Organization, Rome, 20 p;

13.  Foley  J.A., Ramankutty  N., Brauman  K.A., Cassidy  E.S., Gerber  J.S.    Johnston  M., Mueller  N.D., O’Connell  C., Ray D.K., West P.C., Balzer C., Bennett E.M., Carpenter S.R., Hill J. ,  Monfreda C. ,  Polasky S. ,  Rockström J.,  Sheehan J.,   Siebert  S. ,   Tilman  D. ,   Zaks  D.P.M. (2011).  Solutions  for  a  cultivated  planet,  Nature, 478 (2011),  pp. 337-342,  10.1038/nature10452 

14.  Stringer

C., Fraser E.D.G., Harris D., Lyon C.,

Pereira L., Ward C.F.M.  Simelton E.

(2020).

Adaptation

and

development  pathways  for  different  types  of  farmers,   Environmental  Science  &  Policy  Volume  104,  February  2020, Pages 174-189

15. Mobolade  T.D.  and    Pourvahidi  P    (2022)  Bioclimatic  Approach  for  Climate  Classification  of  Nigeria.

Sustainability 12(10):4192 DOI:  10.3390/su12104192 

www.ijltemas.in                                                                                                                                                                  Page  128

[image: Image 19]

INTERNATIONAL JOURNAL OF LATEST TECHNOLOGY IN ENGINEERING, 

MANAGEMENT & APPLIED SCIENCE (IJLTEMAS) 

ISSN 2278-2540 | DOI: 10.51583/IJLTEMAS | Volume XIII, Issue VII, July 2024

16.  Ologunorisa E.T and Tor T. (2006). The Changing Rainfall Pattern and Its Implication for Flood Frequency in Makurdi, Northern Nigeria. J. Appl. Sci. Environ. Manage. 10 (3): 97 – 102.

17.  Abah R C. (2013) An application of Geographic Information System in mapping flood risk zones in a north central city in  Nigeria.  African  Journal  of  Environmental  Science  and  Technology  Vol.  7(6),  pp.  365-371,  June  2013  DOI: 10.5897/AJEST12.182 ISSN 1996-0786 © 2013 Academic Journals http://www.academicjournals.org/AJEST 

18.  Adaikwu, A. O., Obi, M. E., and Ali, A. (2012). Assessment of degradation Status of Soils in Selected areas of Benue State, Southern Guinea Savanna of Nigeria. Nigerian Journal of Soil Science, 22 (1):171-180.

19.  Stocker, T.F., D. Qin, G.K. Plattner, M. Tignor, S. K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.  (2024)].  Projected  Climatic  Trends  and  their  Environmental  Impact  on  Agriculture  Productivity  in  Makurdi Nigeria. Available from. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, Pp. 2  –

33.[22] BN [accessed Jun 24 2024].

20.  Walstra, J., Heyvaert, V. M. A. and Verkinderen, P. (2007), Mapping the alluvial landscapes of Lower Khuzestan (SW

Iran),  in  Smith,  M.  J.,  Paron,  P.  and  Griffi  th,  J.  S.  (eds.),  Geomorphological  mapping:  a  professional  handbook  of techniques and applications, Elsevier, Amsterdam.

21.  Mbah,  C.N.  (2012)  Determining  the  Field  Capacity,  Wilting  point  and  Available  Water  Capacity  of  some  Southeast Nigerian  Soils  using  Soil  Saturation  from  Capillary  Rise.  Nig  J.  Biotech.  Vol.  24  (2012)  41-47  ISSN:  0189  17131

Available online at www.biotechsocietynigeria.org. 

22.  Tolk, J.A. Soils, permanent wilting points. Water Sci. 2003, 92, 927–929. [Google Scholar]

23.  Simalenga  TE  (ed)  (1994).  Participatory  Research  and  Development  of  Agricultural  Engineering  Technologies.

Proceedings of AGROTEC Onfarm Trials regional workshop held in Embu, Kenya 24.  Hillel D (2004) Introduction to  environmental soil physics. Elsevier Academic Press, Amsterdam/ Boston/ Heidelberg/

London/New York/Oxford/Paris/San Diego/San Francisco/Singapore/Sydney/Tokyo 25.  Tiwari  K  N,  Mal  P  K,  Singh  R  M  and  Chattopadhyay  A.  (1998).  Response  of  okra  (Abelmoschus  esculentus  (L.) Moench.) to drip irrigation under mulch and non-mulch conditions. Agricultural Water Management 38: 91–10

26.  Bahadur  A,  Singh  K  P,  Rai  A,  Verma  J  and  Rai  M  (2009)  Physiological  and  yield  response  of  okra  (Abelmoschus esculentus)  to  irrigation  scheduling  and  organic  mulching.  Available  from:  Indian  Journal  of  Agricultural  Sciences  79

(10): 813–15, October 2009 https://www.researchgate.net/publication/215925787 [accessed Jul 09 2024].

27.  Steduto, P., Hsiao, T.C., Fereres, E. and Raes, D., (2012). Crop yield response to water (Vol. 1028, p. 99). Rome, Italy: FAO.

28.  Carr  M.K.V.  (2011).  The  water  realtion  and  irrigation  requirements  of  oil  palm  (elaeis  gueneenisis):  A  Review.

Experimental Agriculture, 47(4); 629-652. Doi;10.1017/s0014479711000494

29. Hashim M.A.A., Naima Siam., Ali A Aldosari  K.A. Al-Gaadi, V.C. Patil, Elkamil Tola, Rangaswamy Madugundu and

M.S. Samdani (2012) Determination of Water Requirement and Crop water productivity of Crops Grown in the Makkah Region of Saudi Arabia Australian Journal Of Basic And Applied Sciences 6(9):196-206

 

 

 

 

 

 

 

 

 

 

 

 

 

 

www.ijltemas.in                                                                                                                                                                  Page  129

 




index-6_3.png
Estimated Marginal Means of R

Hi16as

F1530

Fi1ags

H13s0

Frazs

Fes7

Fesot

Feasr

st

H37s

Harr

373

feao

Feas

s

Frae

4000
3000
2000
1000

oo

sueely [euiBieiy perewsa





index-7_5.png
Predicted Observed

Std. Residual

° o@o
8 o® ©
&
o -
= = @
o e
. .
s 8. 8
8, 8|k 8
8 g
Observed Predicted Std. Residual

Model: Intercept + irig






index-1_1.jpg





index-5_1.jpg





index-9_1.jpg





index-6_5.png
Estimated Marginal Means

Estimated Marginal Means of E

8.63000000000005

8.63000000000004

8.63000000000003

8.63000000000002

8.63000000000001

8.63000000000000-

5.67999999999999

or

B

sz

sz

eren]

e

sz

wei|

e

wes|

e

gy

oseLH

envLL

oesiH

srauH






index-3_1.jpg





index-6_4.png
Estimated Marginal Means of D

suealy eubiep pareussa

1515

=)

s

o

=

B





index-7_3.png
Predicted Observed

Std. Residual

Dependent Variable: R

o ®0
©
8 o ©
Ll oo
° ©
° ®o
o o o ®
® °co
o ©
8 8
° 8 ° 2
& © 8 ® @ e
° o
Observed Predicted Std. Residual

Model: Intercept + irig






index-10_1.jpg





index-7_4.png
Predicted Observed

Std. Residual

Dependent Variable: D

. .
. .
8 8 o o &
89 S| 0%
B B
oo oo
. .
.
$o g o
o, 8 ® ®
; 3
Observed Predicted Std. Residual

Model: Intercept + irig






index-8_1.jpg





index-2_1.jpg





index-7_1.jpg





index-6_1.jpg





index-6_2.png
Estimated Marginal Means of |

Fi161s

Fi1530

bi1ags

Hi1350

Frazs

Fes77

Fesot

Feasr

st

378

377

[SEXE]

Fea0

Feas

bres

Fae

20000
15000
10000
000
oo

sueajy [euiBuely pajewnsy





index-4_1.jpg





index-2_2.jpg





index-7_2.png
Estimated Marginal Means

Estimated Marginal Means of T

03000000000000024

03000000000000020-

03000000000000015

03000000000000010

03000000000000005

03000000000000000

or

B

sz

o8z

eren]

e

sz

wsi

e

wes|

oa

oz

oseLH

envLH

oesiL

srauk






