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Research Objectives 

The project aims at increasing the resilience of banana production in drought stressed 

environments through adapting the AquaCrop model for banana. The model will serve as a 

decision-support system for implementing management and irrigation schedules in banana 

plantations to cope with drought. 

Following research questions were to be addressed in several work packages (WP): 

- Objective 1: devise a methodology to measure canopy cover (CC) for homogenous banana 

groups in a field (WP1). 

- Objective 2: determine the most sensitive stages of different banana varieties (AA and 

AAA) to drought stress by applying drought stress at different development stages 

(vegetative and flowering) (WP2). Additionally, use data from WP2 as a database for 

AquaCrop calibration. 

- Objective 3: determine the timing and development of banana phenology (growth stages) in 

response to temperature (accumulated heat units) and soil moisture (WP3). 

- Objective 4: develop an AquaCrop model for the banana plant. By using data from WP2 

and WP3 the heterogeneous banana population structure will be incorporated in AquaCrop 

through ‘cohort population dynamics’ developed by Tixier et al. 2004 (WP4). 

- Objective 5: test and use the AquaCrop growth model to assess the effect of management 

practices and irrigation schedules on water use and yield of banana plantations to create 

guidelines for plantation management (WP5). 
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Achievements 

➢ Data collection and analysis 

o Data necessary in WP1 through WP3 will be collected fully by April 2020.  

o WP1: data on Canopy cover evolution is analysed, and a paper is submitted 

o WP2: data on effect of soil moisture on vegetative and generative growth for 

2 cultivars is analysed, and allometric relationships were developed for 

biomass and harvest prediction.  

o WP3: timing of phenological events “flowering” and “harvest” is determined 

for 2 cycles in different moisture treatments. These events appear to follow 

log-normal curves as described by Tixier. et al. (2004), and will be included in 

the AquaCrop growth model.  

o WP4: started building the AquaCrop growth model based on data collected 

from WP1 – WP3. Still ongoing.  

➢ PhD-Thesis writing 

o Chapter 1 and 2 written 

➢ Articles: 

o Article 1: “Canopy Evolution of Banana Plantations” submitted to journal 

o Article 2: data analysis in process, writing in process (data needed for second 

banana growth cycle which is still being collected).  

o Article 3: “AquaCrop model for banana”. Data analysis in process, writing in 

process. All data is nearly collected “April 2020”, and necessary R-scripts are 

being prepared. 

➢ Gave a poster presentation on “Canopy cover evolution” at Tropentag 2019 in 

Kassel Germany 

➢ Gave a Scientific Seminar at KULeuven, Leuven on “Canopy cover evolution in 

Banana plantations”.  

➢ MSc. Thesis supervision of 3 students, and BSc. project supervision of 2 students.  
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Background/introduction 

With a production of 145 million metric tons worldwide in 2013 (€39.2 billion), banana 

(Musa spp.) is the most important staple food crop after rice, maize and wheat, and the 

world’s most popular fruit.  

The biggest abiotic threat to banana production today is water stress, as they require a large 

water supply given their large leaf area, evergreen canopy and shallow rooting system. 

Depending on the prevailing climate, annual water use ranges from 1112 to 2690 mm, with 

severe yield losses (65%) when annual rainfall drops below 1100 mm. Since bananas are long 

cycle crops (10-12 months), dry spells always occur in banana producing regions. When soil 

water drops below a critical threshold, leafs close their stomata in response to accumulation 

of abscisic acid (ABA) in the stomatal guard cells. As drought increases, stomata are closed 

for longer periods resulting in inhibited transpiration, assimilation and yield losses. In dry 

soils, banana leaves remain hydrated through root pressure and ‘mask’ that they are drought 

stressed. Hence, leaf water status (together with other physiological responses) cannot be 

used to guide irrigation. On a global scale, 69% of freshwater abstractions are already used 

for agriculture, and this is only expected to rise due to soil degradation, climate change, 

population increases and a rising welfare. Increasing temperatures due to climate change will 

also speed up development of banana and increase water use by 12 – 15%. Water resources 

are therefore limited, and Black Sigatoka and Fusarium Wilt, the economically most 

damaging diseases, thrive in moist climates highlighting the need to produce in dryer 

circumstances. The only way forward is a more efficient use of water resources at field level 

and there are 2 complementary approaches to achieve this. In the genetic approach, genotypes 

with a superior resistance to stress are selected for breeding. Musa cultivars result from 

hybridization between diploid ancestors: Musa acuminata (A genome) and Musa balbisiana 

(B genome), and the level of ploidy and contribution of the A or B genome are used to 

classify genotypes. The level of ploidy has an effect on physiology of banana varieties. 

Diploid varieties (AA) have more erect leaves and a shallower rooting system than triploid 

varieties (AAA), and this may affect water uptake, transpiration, radiation interception and 

CO2 assimilation. Most commercial varieties are triploid AAA varieties as the East African 

highland banana (EAHB-AAA) used in this study and the export variety (Cavendish). 

Changing to drought tolerant varieties is therefore an option. Another approach is the 

management approach, which strives to limit water loss via guiding and storing more water in 

the root zone (e.g. reducing runoff with soil bunds, increasing infiltration and reducing 
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evaporation through mulching or changing planting dates such that roots are present when 

soils are wet). Choosing the best strategy to address water stress, entails a better insight in 

plant-water relations and in location specific yield responses to stress. Crop modelling offers 

a solution as a well-calibrated model can run yield simulations over a range of genotypes, 

climates, soils and management conditions, where field experiments take years. Yield 

modelling is a critical tool for understanding production constraints and projecting impacts of 

future climates. Dozens of models exist for major cereal crops as maize and wheat, but little 

to no work has been carried out for tropical crops like bananas (e.g. the international 

Agricultural Model Intercomparison Project (AgMIP) has not modelled banana). With 

EcoCrop, the influence of climate change has been investigated for several (sub)tropical 

regions, based on current and projected future climates but these studies only estimated future 

climatic suitability and did not model yields. 

Taulya showed the promise of modelling as he created a model (LINTUL2) to simulate 

water-limited production of banana. The model is based on light use efficiencies of incoming 

radiation and assumed a banana plantation where banana mats, composed of a motherplant: 

cycle 1, daughterplant: cycle 2 and granddaughter plant: cycle 3, are synchronized. In reality, 

mats are not synchronized and plants of different ages co-exist at the same time. From now 

on, we will call this “heterogeneous” stands. 

Our goal is to adapt the AquaCrop model for heterogeneous banana stands, consisting of 

asynchronous mats containing plants of different phenological ages. The model is calibrated 

for over 15 important crops but not for banana, and multiple studies highlight its good yield 

predictions in response to soil water contents. It was developed by the FAO in collaboration 

with the Soil and Water division at KU Leuven, and simulates and links the soil water 

balance with canopy cover, transpiration, crop biomass and yield. AquaCrop uses a small 

amount of input data (climate, soil, management and crop) making it more suitable for 

practical applications unlike other production models (DSSAT, STICS) using complicated 

input data rarely present outside of research institutions. We will be the first to adapt the 

model to heterogeneous stands and create a decision-support tool to guide water use of 

banana plantations. 

Summary of the study 

Most smallholder farmers operate in stress-prone, low-input, rainfed systems characterized by 

unreliable water supplies. Yields fluctuate around 9% of their maximum capacity, for a 
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multitude of reasons including drought, a lack of soil nutrients, diseases and pests. The 

biggest abiotic threat to banana production today is water stress, as bananas require a large 

water supply given their large leaf area, evergreen canopy and shallow rooting system. Since 

bananas are long cycle crops (10-12 months), dry spells always occur in banana producing 

regions. When soil water drops below a critical threshold, leafs close their stomata in 

response to accumulation of abscisic acid (ABA) in the stomatal guard cells. As drought 

increases, stomata are closed for longer periods resulting in inhibited transpiration, 

assimilation and yield losses.  

The overall objective of the doctoral research is to increase the resilience of banana-based 

cropping systems to water stress in smallholder’s fields growing banana (Musa spp.) as a 

food crop. Choosing the best strategy to address water stress, entails a better insight in plant-

water relations and in location specific yield responses to stress. Crop modelling offers a 

solution as a well-calibrated model can run yield simulations over a range of genotypes, 

climates, soils and management conditions, where field experiments take years. Yield 

modelling is a critical tool for understanding production constraints and projecting impacts of 

future climates. Dozens of models exist for major cereal crops as maize and wheat, but little 

to no work has been carried out for tropical crops like bananas.  

The research goal is to adapt the AquaCrop computer simulation model to enable 

modelling of heterogeneous banana stands in response to climate, soil and management 

practices.  

A field trial was performed together with IITA and the Nelson Mandela Institution of science 

and technology in Arusha, Tanzania from 2017 to 2020. Data on growth of ‘Grande Naine’ 

and ‘Mchare’ cultivars was collected over two crop cycles. Soil data was gathered in 2014 

making detailed analyses of the soil present. Arusha is characterised by two distinct dry 

seasons: a dry stretch from January to February (14 days) and a dry season from June to 

November (121 days). The field is equipped with a drip irrigation system and the cultivars 

were subjected to 2 different soil moisture regimes: 1 full irrigation ‘IR’ schedule and a 

rainfed schedule ’RF’ (no irrigation).  

During the trial, following parameters were measured:  

- Reference evapotranspiration (ET0) is measured following the FAO 56 Penmann-

Monteith procedure, which serves as the standard for computing ET0. Necessary climatic 
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data (rainfall, temperature, radiation, relative humidity, wind speed) are collected with a 

weather station on site (Decagon Services).  

- Soil moisture is measured daily with Time Domain Reflectometry. Sensors were at 

different soil depths (0-30cm  and 30-60cm) to determine the soil moisture in the 

measurement plots. Monthly gravimetric soil moisture measurements (0-30, 30-60 and 60-

90cm) provide a control.  

- Banana growth parameters were measured monthly on the central 3x3 plants in each plot. 

Parameters include: timing of new shoots, flowers and harvestable bunches; leaf emergency 

rate, length and width of each leaf, area of 3th leaf and CC (methods used in WP1); 

pseudostem height and girth at base. At harvest fresh bunch weight (FBW), number of hands 

and fingers, middle finger girth and length, and dry bunch weight (DBW in kg) are measured. 

FBW is determined with a mobile scale (resolution 100 g) on the field. After oven drying 

(60°C), DBW is measured. Plant biomass is estimated from these data based on allometric 

relations by Nyombi et al. which are adapted for our varieties through destructive sampling of 

border plants.  

- Rooting pattern is determined through trenching methods for 6 plants per cv-tr 

combination at 4 months, 8 months and 12 months to determine maximum rooting depth and 

growth.  

 

As AquaCrop bases its simulation process of transpiration and biomass accumulation of a 

crop on the development of canopy cover (CC), a reliable determination of CC is of critical 

importance for calibrating the model for banana. We devised a methodology to determine CC 

on a plantation scale for banana (WP1), and related the banana CC to their LAI to obtain a 

functional CC-LAI curve. Furthermore, diurnal patterns in CC evolution were found that 

reflect the evaporative demand of the atmosphere and the banana’s soil water status. 

Secondly, by applying different stress levels (soil moisture) at different times (vegetative and 

flowering stage) the impact of ‘severity’ and ‘timing’ of drought on yield was determined. By 

determining these sensitive stages, irrigation schedules can be developed to maximize yields 

with limited amounts of water by only irrigating when needed (deficit irrigation).  

Timing of phenological stages (new shoots, flowering and harvest) in AquaCrop is expressed 

by the accumulation of heat units (growing degree days, GDD in °C day). After accumulation 

of a certain amount of heat units (heat unit threshold), banana plants reach certain 

phenological stages (e.g. sucker emergence, flowering and harvest). The collection of data on 



7 
 

emergence of flowers and harvest readiness, allowed us to devise log-normal distributions for 

these events to be used in AquaCrop calibration.  

With data collected in WP1, WP2 and WP3, AquaCrop will be calibrated (WP4). Firstly, a 

plantation will be modelled that simulates optimal yield under non-stressed conditions. 

Secondly, water stress is introduced in the model via stress coefficients to adapt the potential 

yield to attainable yield for homogenous plantations. Thirdly, and finally, heterogeneous 

stands are modelled using the ‘cohort population dynamics’ concept from Tixier et al. (2004) 

calibrated with data obtained in WP3. Tixier et al.( 2004) determined the amount of newly 

emerged shoots, flowers and harvestable bunches in a given week based on heat unit 

thresholds and log-normal distributions, and as such were able to divide all plants from a 

heterogeneous stand in homogenous groups (cohorts).  

The overall output of the project is an operational AquaCrop model for banana which acts as 

a decision-support tool for growers that enables the creation of management packages that 

address water stress and practical irrigation guidelines to give water at exactly the right time. 

Conclusion / next steps 

In the overall project, data collection for the calibration of the AquaCrop model is almost 

done and is expected to be finished by April 2020. Already, insights in the CC pattern of 

plantations were found, and relationships of CC with LAI, and weather and soil moisture 

were determined in WP1. Secondly, plant growth in the field already exposed the effects of 

water stress at different periods (vegetative vs. flowering) for the different banana cultivars, 

and as such, provides insights necessary for the effect of water on growth and yields (WP2). 

In WP3, phenological distributions on flowering and harvest were found to be spread over a 

few months depending on the growth cycle and soil moisture regime. The spread of these 

phenological distributions will have an effect on crop modelling, as this is currently not yet 

built in the AquaCrop growth model.  

All in all, the data for AquaCrop growth modelling is almost present for 2 crop cycles, and 

therefore model building and modelling efforts can commence. The next step will therefore 

be to use the data from the field trials, the insights they provide in banana physiology and 

propose adaptations to the AquaCrop growth model to better incorporate the banana cropping 

structure.  


