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Abstract 

Water is essential in raising seedlings but needs to be efficiently utilized since it is a scarce resource. Hardening off of 
nursery seedlings through reduction of watering regime leads to better survival. Watering interval is not well 
determined and this can vary with species type and locality. An experiment was set up in dry season to determine the 
most appropriate watering interval for African stinkwood (Prunus africana) seedlings in Egerton University, Kenya. The 
experiment was laid down as a Completely Randomized Design with 4 treatments replicated 3 times. Treatments 
comprised of different watering intervals, which were as follows; twice daily, once daily, 2 days and 4 days, which were 
applied for 2 months on seedlings during January to March 2018. ANOVA was used to determine treatment differences 
while SED was used to determine the significantly different treatment means at p ≤ 0.05. Results showed that watering 
twice daily gives the best growth of Prunus seedlings but encourages succulent foliage growth which is not favourable 
for planting out seedlings. Therefore two days watering interval is the most ideal for hardening off seedlings that are 
non-succulent in the highlands since it reduces foliage growth and encourages woodiness. The recommended interval 
is 2 days since it showed good growth with minimal water use equivalent to 25% of the water used by seedling watered 
twice daily. The results can be applied in the Kenyan highlands for non-succulent species. Further studies needs to be 
done for different pot sizes and soil mixtures. 
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1. Introduction

Water is a vital component in living organisms since it is involved in biochemical processes which are essential for 
growth. Water stress decreases the growth of plants in terms of stem height, leaf number, leaf area, biomass weight and 
stomata conductance (Qaderi et al., 2012). Efficient use and availability of quality water sources has been a major 
concern in the nursery industry for many years (Zhu et al., 2005). Due to lack of scientific methods that guides watering 
practices, many tree nurseries often apply water to plants without knowing how much water is lost.  

Prunus Africana belonging to the family Rosaceae is a highly valued tree in the highlands for herbal medicine. The 
species is common for its bark whose extract is used for prostrate cancer treatment and timber. It’s listed to be 
threatened by extinction in the IUCN red list, hence a very important plant. Plants have wide diversity in their response 
to watering intervals depending on the soil and climate. Variation in water availability can influence seedling resource 
allocation (Blain and Kellman, 1991) which further affect water uptake and food manufacture, hence plant growth.  
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Water being a scarce resource there is need to produce seedlings efficiently and to reduce the amount of water used. 
According to Ochoa et al. (2002), regulating the amount of water available to plants resulted in stocky, stress-resistant 
seedlings able to withstand environmental stresses after transplanting to the field. Restricting the water supply has 
been also used as a technique to avoid excessive vegetative growth in many species (Cameron et al., 2006). Increasing 
the understanding of morphological and physiological shoot and root responses of seedlings to water management is 
critical for optimizing the production of high quality seedlings. Other studies by Bañon et al. (2006) stated that deficit 
irrigation is the most commonly used pre-conditioning technique to produce high quality seedlings. 

Despite the need to control amount of water used, plants cannot be allowed to be water stressed, since this has a great 
effect on plants and may lead to losses in the nursery. Water stress led to substantial losses in dry weight, leaf area, root 
dry weight and length (Bañon et al., 2006). The limited osmotic adjustment reached by the plants may not maintain leaf 
turgor and growth. Therefore it’s appropriate to ensure a balance between efficient water use and production of quality 
seedlings.  

Hardening off is very important operation in the nursery, it involves controlling the amount of water applied to seedling 
before transplanting into the field. Changes in water availability can affect seedling resource allocation which 
subsequently affect water uptake and photosynthesis thus modifying growth and survival of planted seedlings (Blain 
and Kellman, 1991).  

2. Material and methods 

2.1 Study site  

The study was conducted at Agroforestry tree nursery, Egerton University, Njoro, Kenya, within the Mau water 
catchment. The University is located in Njoro, a small community approximately 25 kilometres southwest of the town 
of Nakuru. This is located approximately 182 kilometres, by road, northwest of Nairobi. The study site lies on a latitude 
0°22'11.0"S, Longitude 35°55'58.0"E and an altitude of 2238 m above sea level.  

The area falls in agro ecological zone Lower Highland 3. The experimental site receives mean annual rainfall of 1200 
mm. The distribution of rain is bimodal with long rains between April and August and short rains between October and 
December yearly. The temperatures in the field lie between 10.2 and 22.0°C (Ngetich et al., 2014). Soils at the site are 
mollicandosols (Kinyanjui, 1979).  

2.2 Experimental design  

The experiment was laid down as a complete randomized design (CRD) with 4 treatments replicated 3 times. 
Treatments comprised of different watering intervals, which were as follows: twice daily, once daily, 2 days and 4 days 
intervals. These treatments were applied for 2 months on 8 months old seedlings during January to March 2018. 

The variables measured included; survival %, height, root collar diameter, 3rd internode length, number of leaves and 
branches, leaf length and width, root length, shoot, root and total biomass.  

2.3 Data analysis 

Analysis of variance (ANOVA) of the measured variables was done using Genstat statistical package (2013) while the 
means were separated at P< 0.05 using Standard error deviation (SED).  

3. Results  

3.1 Watering interval effect on shoot growth and survival of Prunus Africana seedlings 

Results showed that four days watering interval had significantly (p<0.05) lower survival (93%) compared with all the 
other treatments which showed 100% survival (Table 1). Watering interval for twice and once daily showed 
significantly (p<0.01) higher shoot and total fresh plant biomass compared with two and four days interval.  

Watering twice daily was also significantly higher in height compared with all the other treatment. Similarly, watering 
twice daily showed significantly superior seedling shoot volume (4.72 cm3) compared with two (2.31 cm3) and four 
days interval (2.89 cm3). Watering twice and once daily was similar in all the shoot variables except height. This shows 
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that watering once daily is more preferred compared with twice daily since it will save 50% of the water used in the 
latter. 

Table 1 Effect of watering interval on survival and shoot growth of Prunus africana seedlings at Egerton University, 
Kenya  

Watering 
interval 

Survival 
% 

Height 
(cm) 

Shoot biomass 
(g) 

Total fresh plant 
biomass (g) 

Seedling shoot 
volume (cm3) 

Twice daily 100a 37.04a 6.19a 8.52a 4.72a 

Once daily 100a 33.1b 6.02a 7.97a 4.17ab 

Two days 100a 29.85b 3.96b 5.22b 2.31c 

Four days 93b 32.7b 3.53b 4.92b 2.89bc 

P value 0.05 0.01 0.01 0.01 0.05 

SED 2.04 1.38 0.53 0.62 0.61 

% CV 2.9 5.1 13.2 11.5 21.2 

Means with the same letter(s) in each column are not significantly different to each other using SED at p<0.01 and p<0.05 

3.2 Watering interval effect on root growth of Prunus africana seedlings 

Results on root variables showed that watering twice and once daily showed significantly (p<0.05) higher root collar 
diameter (4.9 mm) compared with two (3.8 mm) and four days interval (4.1 mm) (Table 2). A similar trend was repeated 
for root biomass although in this case watering once daily showed significantly lower root biomass (1.95 g) compared 
with watering twice daily (2.33 g).  

Table 2 Effect of watering interval on root growth of Prunus africana seedlings at Egerton University, Kenya 

Watering 
interval 

Root collar 
diameter (mm) 

Root length 
(cm) 

Root 
biomass (g) 

Root: shoot 
ratio 

Seedling 
sturdiness 
quotient 

Twice daily 4.9a 13.0 2.33a 0.38 7.69ab 

Once daily 4.9a 12.42 1.95b 0.32 6.77b 

Two days 3.8b 11.66 1.26c 0.32 7.82ab 

Four days 4.1b 12.62 1.39c 0.4 7.99a 

P value 0.05 0.33 0.001 0.26 0.05 

SED 0.3 0.68 0.15 0.43 0.5 

% CV 8.4 6.7 10.8 14.9 8.1 

Means with the same letter(s) in each column are not significantly different to each other using SED at p<0.001 and p<0.05 

Four days watering interval showed significantly superior seedling sturdiness quotient (7.99) compared with watering 
interval of once daily (6.77). These results shows that four days watering interval could be the best for field survival, 
however, this watering interval compromised greatly growth in root collar diameter and root biomass as compared to 
frequent watering. 

3.3 Watering interval effect on foliage growth of Prunus africana seedlings 

Results on foliage variables showed that watering interval of twice daily had significantly (p<0.05) higher leaf length 
(9.04 cm), single leaf area (23.4 cm2) and total leaf area (291.3 cm2) compared with four days watering interval (6.82 
cm, 11.94 cm2 and 114.5 cm2 respectively) (Table 3). 

Similarly, watering twice daily showed significantly higher leaf width compared with all the other treatments. On the 
other hand, watering once daily and also two days interval showed significantly superior leaf width and single leaf area 
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compared with four days interval. These results shows that four day watering interval compromised foliage growth and 
therefore should not be encouraged since it also leads to low survival of seedlings in the nursery. However, the best 
hardening off watering interval was two days since it does not compromise growth but reduces succulent foliage 
growth. 

Table 3 Effect of watering interval on foliage growth of Prunus africana seedlings at Egerton University, Kenya 

Watering 
interval 

Leaf length 
(cm) 

Leaf width 
(cm) 

Number of 
leaves 

Single leaf area 
(cm2) 

Total leaf area 
(cm2) 

Twice daily 9.04a 3.76a 12.52 23.4a 291.3a 

Once daily 8.29ab 3.16b 8.76 19.09a 168.1ab 

Two days 8.14ab 3.07b 8.81 18.52a 163.3ab 

Four days 6.82b 2.43c 9.57 11.94b 114.5b 

P value 0.05 0.05 0.56 0.05 0.05 

SED 0.77 0.21 2.87 2.52 58.29 

% CV 11.7 8.3 35.7 16.9 38.7 

Means with the same letter(s) in each column are not significantly different to each other using SED at p<0.05. 

4. Discussion 

4.1 Watering interval effect on shoot growth and survival of Prunus africana seedlings 

Environmental conditions and propagation methods used in the nursery can produce different hardening degrees in 
seedling. Results showed that four days watering interval was significantly lower in survival compared with all the other 
treatments. This is in line with the findings of Jones (2004) and Tambussi et al. (2007) who reported that plants exhibit 
different strategies for survival and growth under limited water supply. These plants that receive less water are the 
ones that are more likely to survive in the field. Earlier studies by Franco et al. (2001, 2002) argued that plants receiving 
the least amount of water best adapt to post planting stress. Reduced watering leads to less shoot growth and more 
sturdy plants which are better preferred for planting out (Inoti, 2018; Inoti, 2020). 

4.2 Watering interval effect on root growth of Prunus africana seedlings 

There was significance difference in the root biomass with exception of two days and four days intervals. This may have 
been attributed to the high amount of water in the soil substrate absorbed by the roots making them turgid. This is 
supported by earlier findings by Bañon et al. (2004) who stated that deficit irrigation reduced root dry weight and 
volume by 53–62% and 88–91%, respectively. 

The study showed that there was no significance difference in growth estimates for the different watering intervals. 
Seedling sturdiness quotient postulates higher value than the recommended (Jaenicke, 1999), there was significant 
difference found in mean sturdiness quotient. This means that the seedlings might have a lower chance of survival in 
the field, since they are tall and thin with exception of those which were watered once daily especially in windy or dry 
areas.  

According to earlier studies by Takoutsing et al. (2014), a small quotient (<6) indicates sturdy plants with greater 
chance of survival. Seedlings with quality indicators out of acceptable ranges are likely not to perform well once they 
leave the nursery (Zida et al., 2008; Bayala et al., 2009). This notwithstanding, (Zida et al., 2008) mentioned that other 
factors like degree of disturbance to the root system during lifting, transportation and planting can result to low survival 
in the field especially in drought prone areas. This is further supported by the findings of Bayala et al. (2009) who stated 
that it is difficult to define morphological attributes which can predict field performance. Other studies show that after 
eighteen months of planting out, seedling survival and growth were not affected by initial seedling size based on the 
root to shoot ratio rather due to other factors like drought stress and herbivory (Zida et al., 2008). Therefore the result 
of this study shows that the plant will survive in the field if handled and planted in the right manner. 
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4.3 Watering interval effect on foliage growth of Prunus africana seedlings 

Watering twice daily was significant higher in most of the foliage characteristics compared with four days watering 
interval. This could have been attributed to the more water the plant was receiving in twice daily which promoted 
growth. These findings corroborate with the earlier findings by Bañon et al. (2004) who stated that deficit irrigation 
strongly reduced the aerial part and root in plants and that leaf area was higher in well irrigated plants. Where high 
amount of water was maintained, it resulted to higher relative growth rate of leaf and root biomass, as well as leaf area 
than when the water supply was low (Ky-Dembele et al., 2010). 

5. Conclusion 

Results show that twice daily watering gives the best growth of Prunus seedlings, however, since it encourages 
succulent foliage growth, it is therefore not preferred for planting out seedlings due to its low field survival. Therefore, 
two days watering interval is the most ideal for hardening off seedlings that are non-succulent in the highlands since it 
reduces foliage growth and encourages woodiness for better field survival. 
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