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was planted on 3 May 2017. Plants were spaced 2x3m 

(row x line) in holes with dimensions of 60cm width x 

60cm length x 60 cm deep with a density of 1666 plants 

ha-1. Two plants were maintained per hole comprising of 

a mother (cycle 1) and daughter (cycle 2). 

 

Methodology  

Experimental trial and treatments allocation 

The experimental design was blocked but could not 

abide by normal Randomized Complete Block Design 

(RCBD) due to the nature of the layout of drip lines. 

However, it comprised of 2 blocks each with 5 rows of 

15 plants spaced at 3m x 2m. Block 1 was allocated 

with Deficit irrigation (DI) treatment and block 2 Full 

irrigation (FI) respectively. Individual blocks of HG 

with five rows of 15 plants/row were split to three 

plots with a total of 25 plants within which three 

replications (rows) of nine plants (3x3). The central 

nine plants (3x3) of plants belonging to two split plots 

were used for continuous data collection throughout 

the entire time of the experimental time frame. The 

remaining plants were used as a borderline (Fig. 1).  

 

 
Fig. 1. Part of experimental layout showing continuous 

sampling plants (Green) and border line in (Grey). 

 

Irrigation system 

Drip irrigation pipes were installed together with 

water flow meters reading irrigation amounts per 2 

driplines. The drip system comprised of two driplines 

per banana row, with 4 emitters plant-l, each 

dispensing 4 l h-1 at 110 kPa pressure. Daily, soil 

moisture remained checked by Time Domain 

Reflectometry (TDR). Every day, continuous 

measurement plot where plant data were collected, 

was fitted with two in-house built 30cm long TDR 

probes installed vertically, reading soil moisture at 

two soil depths, one at the outermost layer of soil (0-

30m) and another at the soil under the topsoil (30-

60cm). Every morning before irrigation, TDR-probes 

were read out individually by a TDR-200 (Campbell 

Scientific, Inc). Based on TDR volumetric water 

contents, the need for irrigation by the plant was 

determined. Before splitting plots into respective 

treatments FI and DI, all plants were irrigated until four 

months after planting (MAP). The plot allocated with 

treatment FI received water when a critical moisture 

level reached 25% total available water (TAW) in the first 

(0-30cm) or (30-60cm) depth. This corresponded to 

37.5% and 41% volumetric water content (VWC). No 

water was applied in the DI plots until plants showed 

visible signs of water stress like petiole collapse and leaf 

wilting, after which irrigation was supplied.  

 

Experimental management 

Apart from irrigation, plants received both mineral 

and organic fertilizers. Mineral fertilizers were 

applied in splits both in the rainy season and dry 

season. Mineral fertilizers composed of Urea (46% N) 

at the rate of 333kg ha-1 yr-1, Muriate of potash (MOP) 

(60%K) (416kg ha-1 yr-1, Mg, and S as MgS (16% MgO, 

32% SO3) (200kg ha-1 yr-1). During the rainy season, 

mineral fertilizers were applied every month and 

every 2 months in the dry season, while TSP (46% 

P2O5) (200 kg ha-1yr-1) was applied every five months. 

The fertilizer materials were placed in a ring at 0.4-

0.5m a distance from the base of the pseudostem 

during the wet season while during dry season 

fertilizers were placed within the wetted zone by the 

drippers. Organic fertilizer was applied twice yearly 

right at the onset of the rainy season.  
 

The type of organic fertilizer applied was farmyard 

manure at the rate of 20L per plant hole. The 

emerged suckers were left to grow until four months 

after planting (MAP) when all suckers were pruned 

except for one sucker of 30cm height situated at the 

south side of the plant. Afterwards, sucker 

assortment and removal of unselected ones were 

carried out monthly. Removal of dead leaves was 

performed every month and regular weeding 

manually using a hand hoe. 
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Effects of water of irrigation regimes on the bunch 

yield (weight) and aboveground biomass 

Variations of bunch weight and aboveground 

biomass between plants across treatments 

The weight of bunch in FI 28.3± 1.75kg plant-1 and DI 

19.06±0.97kg plant-1 was significantly different 

p<0.001 (Table 3 and Fig. 3). AGB in FI 78.81±2.61kg 

plant-1 and DI 59.23±1.06kg plant-1 was also 

significantly different p<0.001 (Fig. 3).  

Test for equality of bunch weight and biomass 

variances and means between treatments 

Bunch weights and ABG in FI varied more than bunch 

weights in DI (t-test<0.001) respectively. The means 

for bunch weights and AGB were statistically different 

between FI and DI (p<0.001). The variances for 

bunch weights were different between FI and DI 

(p<0.011) whereas, the variances for AGB were not 

different between FI and DI (p>0.05).  

 

Table 2. The Pearson correlation coefficient (r) values of Bunch mass (MB) and Aboveground biomass (AGB) in 

association with the allometric growth parameters of the banana plant.  

AGB Girth Girth Girth Height LA LAI MB Volume base 1m mid 
AGB         
Girth base 0.52***        
Girth1m 0.53*** 0.71***       
Girth mid 0.50*** 0.67*** 0.56***      
Height 0.45*** 0.61*** 0.76*** 0.68***     
LA 0.23ns 0.51*** 0.32* 0.40*** 0.38**    
LAI 0.23ns 0.58*** 0.34* 0.41*** 0.32* 0.86***   
MB 0.74*** 0.48*** 0.38* 0.51** 0.47*** 0.32* 0.29*  
Volume 0.14ns 0.68*** 0.41*** 0.49*** 0.51*** 0.86*** 0.80*** 0.38** 

Key: AGB: Above ground biomass; LA: Leaf area; LAI: Leaf area index; MB: Mass of the bunch; Girth of 

pseudostem, Volume of pseudostem*** asterisks connote significant at p =0.001;**= significant at p =0.01 ;*= 

significant at p= 0.05 and ns non- significant. 

 

Table 3. Bunch yield and yield attributing components differences between treatments and their correlation with 

bunch yield. 

Bunch components Yield between treatments Mean Correlation 
 (mean ±SE) difference coefficient(r) 

(FI) (DI) (p-value) (p-value) 
Bunch weight (kg) 28.30±1.75 19.06±0.97*** <0.001   
Fruits/bunch (kg) 56.26±3.67 38.76±2.65*** <0.001 0.40** 0.004 
Fruit girth (cm) 124.5±2.03 113.2±3.48** 0.008 0.50*** 0.0000 
Fruit/hand (nr) 18.00±0.34 16.37±0.76ns 0.058 0.30* 0.0253 
Fruits length (cm) 270.5±21.30 244.9 ±6.39** 0.002 0.42*** 0.0028  
Fruit weight (kg) 0.18±0.006 0.12±0.007*** <0.001 0.45*** 0.0013 
Hand weight (kg) 3.07±0.16 2.41±0.14** 0.003 0.30* 0.0256 
Hands/bunch (nr) 9.37(±0.34) 9.19(±0.18) 0.630-0.11ns 0.7635  
Two tailed t -test summary 
Variable µ1- µ2 Sed t-value p-value 
Bunch weight (kg) 9.246 1.998 4.63 <0.001  
Fruits/bunch (kg) 23.704 9.201 2.58 0.014  
Fruit girth (cm) 11.259 4.030 2.79 0.008  
Fruit/hand (nr) 1.630 0.832 1.95 0.058  
Fruits length (cm) 25.630 7.587 3.38 0.002  
Fruit weight (kg) 0.044 0.009 4.51 <0.001  
Hand weight (kg) 2.238 0.144 15.50 < 0.001  
Hands/bunch (nr) 0.185 0.382 0.48 0.630  

 

Test of null hypotheses that means of DI variables are equal to means of FI variables 

Key: The results of values presented are means with Standard error of (means ±SE); µ1- µ2; estimate for mean 

difference; Sed=Standard error of difference; *** asterisks connote significant at p =0.001; **= significant at p 

=0.01; *= Significant at p= 0.05 and ns non- significant and FI=Full irrigation, DI=Deficit irrigation=number. 
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(a) Plant girth at harvest. 

 
(b) Plant height at harvest. 

 
(c) Plant leaf length at harvest. 

 
(d) Plant leaf width at harvest. 

 
(e) Plant leaf weight at harvest. 

 
(f) Plant petiole weight at harvest. 

 
(g) Plant pseudostem weight at harvest. 

 
(h) Plant peduncle weight at harvest. 

 
(i) Plant aboveground biomass. 










