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Abstract 

Crop growth simulation models are important tools for evaluating the effects of water deficiency on 

the productivity and yield of crops. One of these models is the AquaCrop model. These models 

simulate productivity, water requirement and water use efficiency under conditions of water 

limitation. This research was carried out in order to simulate some parameters of crop growth under 

conditions of different water regimes on Potato (Solanum tuberosum L.) in Jos, Plateau State, Nigeria. 

The experiment was laid out in a Randomised Complete Block Design (RCBD), replicated three times. 

Three deficit treatments of 75, 50 and 25% were applied to the crops and no deficit treatment of 100% 

water application was used as the control. Seed tubers were planted at 10cm depth with a spacing of 

0.7 x 0.30m between rows and plant respectively in plot size of 3 x 3m having 4 rows each, a plot has 

40 stands and the experiment was designed in such a way that a single treatment was not subjected to 

one level of water deficit for the whole growing stages. Soil and plant characteristics with crop 

cultivation management are major inputs for the model. place situation, climatic data, soil results and 

management data are necessary for the information of running the model of Aqua crop. The model 

accurately simulated biomass (RMSE = 0.7102t/ha, N-RMSE = 6.7278%, E = 0.9925) and potato yields 

(RMSE = 0.6479t/ha, N-RMSE = 4.550%, E = 0.9966). Overall results showed that the Aquacrop model 

could predict relatively good tuber yields, above-ground dry biomass, water use efficiency and water 

requirement values for Potato (Solanum tuberosum L.) under Jos-Plateau conditions.   
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Introduction 

Potato (Solanum tuberosum L.) is one of the 

most important crops known to civilization in 

terms of production, potato is the fourth most 

important food crop after maize, rice and wheat. 

The current production of 306 million tones 

represents a modest increase worldwide of 

15.5% since the early 1960s (FAOSTAT, 2003). 

Such global statistic however, mark the much 

greater expansion of Potato production that has 

taken place in developing countries versus 

developed countries during the past 40 years 

(FAOSTAT., 2003). Potato (Solanum tuberosum 

L.) was first introduced in Nigeria in the later 

part of the 19th century and early 20th century 

the Europeans, notably, the tin miners in Jos-

Plateau and the Germans in the Cameroons 

(Stanton, 1960., Ifenkwe, 1981). Although 

importation of potato might have been done 

earlier into the country but records concentrated 

on the importation and multiplication of the 

crops to feeds the British service men during the 

World War II (Williams, 1962). Potatoes are 

important staple food worldwide and climate 

change will adversely affect potato production 

primarily in warm, dry climates. About 95% of 

Irish potato produced in Nigeria comes from Jos 

Plateau which has near temperate climatic 

conditions that favour Irish potato production 

(NRCRI, 2005). According to Okonkwo et al. 

(1995), Irish potato can be grown on the Obudu 

Highlands, Mambilla Plateau and Biu Plateau in 

Cross River, Taraba and Borno States, 

respectively. Research also revealed that during 

the cold harmattan periods of November to 

February, Irish Potato can also be grown under 

irrigation in most Northern States of Nigeria 

(NRCRI, 2005). 

A modeling study by the International Potato 

Center (Hijmans, 2003) using the AquaCrop 
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model indicates that temperature change would 

lead to significant potato yield declines in many 

potato-producing countries.  

Defining crop response to water is a crucial part 

of decision-making for agricultural water 

management. Simulation models that quantify 

the effects of water on yield at the farm level can 

be valuable tools in water and irrigation 

management. Crop growth simulation models 

are important tools for evaluating effects of 

water deficiency on productivity and yield of 

crops. One of such models is the AquaCrop 

model (FAO, 2011). AquaCrop is a crop-growth 

model predicting biomass and yield response to 

water under any climatic and soil conditions. 

AquaCrop can be applied to any field condition 

worldwide (once calibrated, it can be 

extrapolated in space and time). The “field-plot” 

scale should be the most appropriate spatial 

scale, while the daily time-step is the time scale 

(Hsiao et al., 2009). 

Materials and Methods 

Study Area  

Kuru in Jos-South Local Government Area is 

located on the Jos Plateau in north-central 

Nigeria commonly referred to as the middle belt 

region of Nigeria. The population of Kuru is 

estimated at 306,716 (2006 census). The study 

location lies between latitudes 090 46’N and 090 

48’N and between longitudes 08046’E and 

08048’E with an altitude of 1293.2m above sea 

level. Jos-South Local government area is one of 

the seventeen Local government areas in Plateau 

state of Nigeria which comprise of four districts: 

Vwang, Du, Gyel and Kuru (NRCRI, 2015). The 

area has a near temperate climate though located 

in the tropics, with an average monthly 

temperature of 18-27oC, an altitude of 1,500 

meters above mean sea level and an annual 

rainfall of 1317.5 to 1500mm range per annum 

(Haruna et al., 2007). Plateau State could simply 

be tagged the home of Irish potatoes in Nigeria 

because of the favorable weather conditions it 

has for the cultivation of the root crop. 

Experimental Design and Planting of Crops 

An experimental farm was located at the 

National Root Crop Research Institute (NRCRI) 

Kuru, in Jos-South area of Plateau State. The 

experiment was conducted during the dry season 

farming from 17th November, 2016 to 22nd 

February, 2017. The Marabel Irish potato variety 

was selected for the study. The crop variety was 

selected for its good adaptability and as one of 

most commonly used in the study area.  

Soil and Crop Data 

Sampling was done using Auger method and 

USSD (United States Department of 

Agriculture) soil textural triangle was used to 

determine the soil texture. The soil physical 

characteristics such as field capacity, permanent 

wilting point, bulk density, volumetric water 

content at saturation (θsat) and textural classes 

of the soil at the experimental site were analyzed 

at the Soil Laboratory of the Federal College of 

Land Resources Technology Kuru-Jos. Crop 

data that include days to emergence, maximum 

canopy cover, canopy senescence, maximum 

rooting depth, tuber initiation and days to 

maturity, plant height, dry biomass and harvest 

index were measured and recorded. For 

sampling techniques of biomass and tuber yield; 

the plants were uprooted randomly every 10 

days interval from the rows excluding the border 

and two middle rows (the two middle rows were 

reserved for final tuber harvest whereas the 

border rows are left for protection). Dry weights 

were measured after oven drying at 65oC for 72 

hours. The fresh and dry mass of each part were 

then weighed and recorded. 

Performance Evaluation of Aquacrop Model 

in the Simulation 

Fitness of Aquacrop model for biomass (B), 

yield (Y) and water use efficiency (WUE) were 

done by comparing simulated outputs against the 

observed data collected from the field using the 

following statistical techniques. 

i. Root Mean Square Error (RMSE) 

Root mean square error (RMSE) were calculated 

according to Loague and Green (1991): 

            RMSE =  �∑ (�����)	�
� �
	    

     (i) 
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where, si = simulated value, ��= observed value, 

N = number of observations. 

The RMSE represents a measure of the overall 

mean deviation between observed and simulated 

values, that is, a synthetic indicator of the 

absolute model uncertainty. The closer the value 

is to zero, the better the model simulation 

performance.  

ii. Normalized RMSE gives a measure (%) 

of the relative difference of simulated versus 

observed data. The normalized RMSE expressed 

in percent Equation (ii), was calculated 

according to Loague and Green (1991). 

        RMSE =  
�∑ (�����)	�
� �
	 � × ����   

     (ii) 

where, Si= simulated value Oi= observed value, 

N = number of observations and M is the mean 

of the observed variable. 

The simulation is considered: 

 

Excellent if NRMSE ˂ 10%,  

Good if 10% ˂ NRMSE ˂ 20%,  

Fair if 20% ˂ NRMSE ˂ 30%, and  

Poor if NRMSE ˃30%.  

 

iii. Coefficient of Efficiency (Ec) 

Coefficient of efficiency, E was calculated using 

Equation (iii). 

                      E = � − ∑ (�����)	�
� �
∑ (��������)	�
� �  

  (iii) 

The coefficient of efficiency (Nash and Sutcliffe, 

1970) expresses how much the overall deviation 

between observed and simulated values departs 

from the overall deviation between observed 

values (Oi) and their mean value (Ōi). The added 

value of this statistical indicator (E) as compared 

to RMSE is in its ability to capture how well the 

model performs over the whole simulation span. 

E expresses an efficiency of the model 

performance, that is, the smaller the departure 

from (Oi-Ōi), the higher the performing 

efficiency of the model. The E is dimensionless 

and may assume values ranging from –∞ to +1, 

with better model simulation efficiency when 

values are closer to +1. 

Results and Discussion 

The Potato crop data presented in Table 1 

provided the required information for estimating 

crop evapotranspiration and the irrigation 

requirements for the initial, crop development, 

mid and end season stages. The information 

includes number of growing days for each stage 

totaling 98 days. The crop heights and rooting 

depths were taken at the mid-stages when the 

crops were well developed. The crop heights 

were introduced in CROPWAT 8.0 in order to 

allow for the adjustment of crop coefficient 

values under non-standard conditions, 

particularly, because the values of relative 

humidity differ considerably from 45 % and the 

wind speed were higher than 11.5 m/s (Dukes, 

2006). Crop coefficients (Kc) for the various 

crop stages show varying values across the 

growing season with the mid stages having 

particularly higher values (1.15). Yield response 

factors (Ky) for the crop also vary across 

growing stages but is relatively constant between 

the crop development and the mid stages (0.8). 

The critical depletion factor (p-factor) expresses 

the fraction of the soil water that can be 

extracted at the potential rate by the roots and is 

highest in the late growing stage (0.5).  

Emergence time; In AquaCrop, emergence time 

is taken as the date when 90% emergence has 

occurred, and on this date the crop canopy is 

assumed to start development. The rationale for 

this approach is based on the time of attainment 

of autotrophy by the seedlings, as explained in 

Steduto et al. (2009) and Hsiao et al. (2009). 

Because different researchers use different 

criteria for determining the time of emergence, 

the date for 90% emergence was estimated by 

judging the number of days to be added to the 

stated emergence time until a good agreement 

between simulated very early Canopy Cover 
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(CC) agrees with the measured. In this study the 

dates range from 14 to 16 days after sowing in 

most cases. 

Tuber initiation date; is the date when swollen 

portion at the top of the stolon is seen, and is 

between the periods of 40 – 45 days from 

planting date. 

Days of maturity; average of 81 days. This is the 

number of days from planting to the stage when 

majority of plants in a unit plot has changed 

colour from green to yellow. 

Time to reach maximum Canopy Cover; the time 

to reach maximum percentage area cover by the 

leaves of the crops was between 68 to 70 days 

and it was 85.07 %.  

Canopy senescence; canopy senescence occurred 

between 68 days to 80 days from planting, this 

defines the time at which the leaves of the crop 

started flowering, signifying physiological 

maturity. Starting time of senescence is assumed 

to be the time when CC declined below a value 

corresponding to the Leaf Area Index (LAI) 

value of 4 (Hsiao et al., 2009). Maximum time to 

reach rooting depth/rooting length; the time for 

roots to reach maximum depth was about to be 

the same as that of starting of canopy senescence 

under non-stress conditions. The maximum 

rooting depths for the three locations were taken 

from the respective references as mentioned 

earlier.  The average rooting depth was 15.00cm 

and above. Dry weight of biomass, tuber yield 

and harvest index; biomass is the measure of dry 

stems, leaves, tuber stolen. Tuber yield are 

gotten from dry weight after air-drying the fresh 

samples and further oven dried at 65oC for 72 

hours. The average dry biomass was 42.56 t/ha, 

while the average total dry tuber yield was 22.22 

t/ha resulting in a harvest index of 52.2. Plant 

height; is the length in height of a potato plant 

measured at every ten days interval from five 

tagged plants in a unit plot. The plants have an 

average height of 34.26 cm 

 

 

Table 1: Potato Crop Data for CropWat Irrigation Simulation. 

Variables                                  Initial    Crop Development Mid-Season Late-Season 

Crop growth (days)                       23            25                    35                           15 

Rooting depth (m)                      0.30                 0.30                   0.60               0.60 

Crop Factor (Kc)                      0.50          0.50                   1.15               0.75 

Crop Yield Response Factor (Ky)   0.45          0.80                   0.80               0.30 

Critical Depletion Factor (p)          0.25          0.25                   0.30               0.50 

Potato yield  

The analysis of Variance (ANOVA) Table 2, 

shows that above ground biomass of the 

treatments resulted non-significant differences at 

95 % and 99 % probability levels, the statistical 

levels of significance was particularly high 

across treatments ( Fcal = 139.39 > Ftab = 3.49) 

have important implications for managing water 

use potato production (Table 2). The water used 

under different irrigation indicated better 

response of Potato plant growth in its response it 

has important implications of managing water 

use for Potato production with direct response to 

its yields as indicated in Table 2, where the Fcal 

and Ftab showed highly significant difference at 

5% and 1% level of probability, this agreed with 

the findings of Smith (2000) that sustainable 

food production depends on judicious use of 

water resources as fresh water for human 

consumption and Agriculture become 

increasingly scarce. To meet future food 

demands and growing competition for clean 

water a more effective use of water in both 

irrigated and rainfed will be essential. Options to 

increase water use efficiency include harvesting 

rainfall, reducing irrigation water losses, and 

adopting cultural practices production per unit of 
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water. From the results obtained however, 

irrigation is an option to increase and stabilize 

crop production. Major investments have been 

made in irrigation over the past 30years by 

diverting surface water (FAO, 1993). 

A major constraint to the understanding of the 

use of water is the difficulty associated with its 

measurement and qualification. Measurement 

and data collection of discharge in canals is 

difficult and fraught with potential errors (Perry, 

1995).  Pairwise comparison of means utilizing 

Fisher’s Least Significant Difference (F-LSD) 

was used to separate the significant means as 

revealed in Table 3. 

The full irrigation treatments mean (100 % = 

17.37 t/ha) showed no significant different from 

the moderately high (75 % = 15.41 t/ha) and 

moderate (50 % = 12.74 t/ha), which shows that 

there is no effect on yield.  However, the severe 

irrigation condition (25 % = 9.74 t/ha) had 

significant difference when compared with F-

LSD = 2.92), this indicates clearly, deficit 

irrigation of 25 % had positive effect on yield.  

The simulated potato yield Table 4, showed a 

relatively good agreement with measured potato 

yield for all the treatments. The maximum mean 

values at 100 % water levels are; 17.80 t/ha, 

17.37 t/ha and minimum mean values at 25 % 

water stress level are; 9.73 t/ha, 9.74 t/ha 

respectively. The AquaCrop model revealed that 

potato yield was increased with increasing water 

consumption. Comparing the measured and the 

simulated mean values; it showed that the 

AquaCrop model was able to predict values 

close to the measured mean values. 

 

Table 2: Analysis of Variance (ANOVA) for Potato Yields under Different Irrigation 

Treatments. 

Source of Variance  DF SS MS FCal       FTab 

   
 

Trt  3 117.10 39.03 139.39 3.49*,  5.95** 

Rep  2 3.288 1.64 5.86 3.89*,  6.93** 

Error 6 1.67 0.28   

Total  11     

 

Treatment = Fcal > Ftab : Highly significant difference among the treatments 

Replication = Fcal > Ftab : There is significant difference among the replications 

* 5% significant  

** 1% significant  
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Table 3: Comparison of Measured and Simulated Potato Yields (t/ha) under Deficit Irrigation". 

Treatment (%) Measured Potato yield (t/ha)  Simulated Potato yield (t/ha)  

 R1 R2  R3    Mean           R1      R2           R3Mean 

      100 18.56 16.12   17.44                     17.37a 17.62 17.18 18.61 17.80 a 

        75 16.20 15.11   15.72                     15.41a 16.52 14.41 15.72 15.55 a 

        50 12.22 12.89   13.11                     12.74 a 13.40 12.41 12.39 12.73 a 

        25 9.78 9.33  10.11                      9.74 b 8.62 10.17 10.39  9.73 b 

[a, b] = Means with the same small letters along same column are not significantly different from each 

other 

 

Table 4: Comparison of Measured and Simulated Potato Yields (t/ha) under Deficit Irrigation. 

Treatment 

(%) 

Measured Potato yield (t/ha)  Simulated Potato yield (t/ha)  

R1 R2 R3 Mean R1 R2 R3 Mean 

100 18.56 16.12 17.44 17.37a 17.62 17.18 18.61 17.80 a 

75 16.20 15.11 15.72 15.41a 16.52 14.41 15.72 15.55 a 

50 12.22 12.89 13.11 12.74 a 13.40 12.41 12.39 12.73 a 

25 9.78 9.33 10.11 9.74 b 8.62 10.17 10.39 9.73 b 

 

[a, b] = Means with the same small letters along same column are not significantly different from each 

other. 

Conclusion  

Results of statistical parameters showed that Aquacrop model was able to simulates biomass relatively 

well (RMSE = 0.7102 t/ha, N-RMSE = 6.7278 % and E = 0.9925), Potato yields (RMSE = 0.6479 

t/ha, N-RMSE = 4.550 % and E = 0.9966), and Water Use Efficiency (RMSE = 0.47967 t/ha, N-

RMSE =9.8525 % and E = 0.5846). The overall results showed that the Aquacrop model can predict 

relatively good tuber yields, above ground dry biomass, water use efficiency and water requirement 

values of potatoes under deficit irrigation conditions. From the trial conducted there was limitation in 

the measurement of water supplied to the plant and also technical know-how on the irrigation systems 

such as blockage of the nozzles and breakage of pipes while carried out the trials. I therefore, 

recommend that another experiment has to be conducted on proper measurement of the water supplied 

to the Potato plant and use of proper irrigation equipment’s for further studies. 

 

  



 

Tropical Journal of Agricultural Research Volume 6 Number 1 (2025) ISSN 2636-6232  7 
 

REFERENCES 

     Dukes, M. D (2006). Effect of wind speed and 

Pressure on linear Move Irrigation 

System Uniformity Applied Engineering 

in Agriculture American Society od 

Agricultural and biological Engineers. 

Pg. 0883 – 8542. 

FAO, (1993). AGROSTAT. PC, Computerized 

Information Series, FAO Publications 

Division, Food and Agriculture 

Organization of the United Nations, 

Rome. 

FAO, (2003). Agriculture, food, and water, United 

Nations. Food and Agriculture 

Organization of the United Nations, 

Rome Italy. 

 

FAO, (2011). FAO and Emergencies. Rome: 

Food and Agriculture Organization 

URL:http://www.fao.org/emergencies/co

untry_information/list/africa_emergencie

s/burkinafaso/en/Accessed 06/05/2014 

Haruna, U., Jibril, S.A., Kalla, D.J.U. and 

Suleiman, H. (2007). Evaluation of Egg 

Production in Jos North Local 

Government Area, Plateau State, Nigeria, 

International Journal of Poultry Science, 

6 (8): 604-607. 

Hijmans, R.J. (2003). The effect of climate 

change on global potato production. 

American Journal of Potato Research, 

80(4): 271–279. 

Hsiao, T. C., Heng, L. K., Steduto, P., Rojas-

Lara, B., Raes, D.and Fereres, E. (2009). 

AquaCrop — the FAO crop model to 

simulate yield response to water III 

parameterization and testing for maize. 

Agronomy Journal, 101: 448 – 459. 

Ifenkwe, O. P. (1981). A Review of the status of 

Potato production in Plateau State of 

Nigeria. Bulletin No. 1 National Root 

Crops Research Institute, Umudike, Pp. 

98-100. 

 

 

Loague, K. and Green, R.E. (1991). Statistical 

and graphical methods for evaluating 

solute transport models; overview and 

application.  Journal, Contaminated 

Hydrology, 7: 51–73. 

Okonkwo, J.C., Ene, L.S.O. and Okoli, O.O. 

(1995). Potato production in Nigeria. 

National Root Crops Research Institute, 

Umudike, Umuahia, Abia State, Nigeria 

Pp 1-109. 

Perry, C.J. (1995). Determinants of function and 

dysfunction in irrigation performance, 

and implications for performance 

improvement. International Journal, 

Water Resource Development, 11: 25-38. 

Smith, M. (2000). The application of climatic 

data for planning and management of 

sustainable rainfed and irrigated crop 

production. Land and Water 

Development Division. FAO. Rome 

Italy. 

Stanton, W. R. (1962). Potato culture in 

Northern Nigeria. Newsletter No. 17. 

Steduto, P., Hsiao, T.C., Raes, D. and Fereres, E. 

(2009). AquaCrop—the FAO Crop 

Model to Simulate Yield Response to 

Water: I. Concepts and Underlying 

Principles. Agronomy Journal, 101: 426-

437. 

Williams, G. G. (1962). Potato Growing in 

Plateau Province. Samaru Agricultural 

Research Journal, Samaru, Zaria. 


