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The effects of different temperature regimes of irrigation water on the growth rate of Spinacia oleracea 
L. were determined in the greenhouse for 8 weeks. The spinach seedlings were irrigated with water 
heated to various temperatures (24, 26 and 28°C) via pumps connected to 4 sets of water tanks each 
maintained at the experimental temperatures using Dolphin aquarium heaters. Unheated water from the 
tap supplied from the fourth tank served as control. All the plants were supplied with a mixture of 
Ocean HYDROGRO and Ocean HORTICAL nutrient solutions containing all essential elements. After 8 
weeks of growth, results showed that leaf length (mm), leaf number and total fresh and dry weights (g 
per plant) was higher in plants grown at elevated temperatures compared with the control plants with 
optimum growth being recorded at 28°C. These results suggest that controlled production of spinach 
during winter seasons is possible by irrigation with heated water in a greenhouse. 
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INTRODUCTION 
 
Spinacea oleracea L (Chenopodiaceae) is an annual 
herb with deep tap root and shallow secondary root 
(Nonnecke, 1989). Commonly called spinach (English), 
the crop is mainly a winter vegetable crop which survives 
low temperatures (Nonnecke, 1989). The crop can how-
ever, be successfully grown under partial shade in 
summer provided there is sufficient moisture at the root 
zone (Klein, 2007). Spinach is considered to be a popular 
salad ingredient rich in iron content and a good source of 
folic acid (Roy and Chakrabarti, 2003). “Spinach salad” 
flavour is best when cooked compared with being eaten 
raw (Lavelle, 2005).  

Spinach can be grown hydroponically in greenhouse 
production (Rosik- Dulewska and Grabda, 2002) even 
though greenhouse vegetable production is an intensive 
system mainly used in commercial farming (Larson et al., 
1996). Its cultivation in greenhouses during winter can 
possibly be achieved by modifying irrigation water to 
optimum levels through increasing water temperatures.  

Heating of water used in greenhouse production has 
shown success in other parts of the world in  a  variety  of  
 
 
 
*Corresponding author. E-mail: NdakidemiP@cput.ac.za. Tel: 
+27214603196. Fax: +27214603193. 

crops (Kozai, 2006; Moorby and Graves, 1980; Rivera, 
 2005; Sethi and Sharma, 2007). 

In order to expand production during winter, heat is 
required to increase growth (Moorby and Graves, 1980; 
Sethi and Sharma, 2007). Root zone heating has been 
practiced elsewhere to increase plant growth (Chen and 
Katan, 1980; Moorby and Graves, 1980; Rovira, 2005). 
For instance, bottom heat applied on deciduous apple, 
pear and plum rootstocks have proved successful in 
increasing their rooting percentages (Bite and Lepsis, 
2004). Conventional bottom heating or root zone heating 
also contribute to fuel savings compared with heating the 
complete propagating structures (Laubscher and 
Ndakidemi, 2008). 

In addition to temperature, water is a necessary 
requirement for plants to complete their life cycle (He et 
al., 2002). Bubel (2007) recommended that different 
plants can thrive well under different temperature 
regimes. When water temperature drops below the opti-
mum levels needed for crop growth, various modifications 
to the growth medium are essential to sustain the plant 
growth (Santarius, 2004). This can be achieved by 
installing a heating device that will supply heated water of 
the required temperature to the plant roots (Rosk- 
Dulewska and Grabda, 2002). In spinach, temperature 
below between 15 - 10°C is regarded  as  low  (Yamori et 



 
 
 
 
al., 2006). 

The high demand for fresh salad crops, including 
spinach throughout the season has increased. However, 
production levels during winter are much lower than in 
summer because of the lowered temperature expe-
rienced by commercial growers during winter (Olivier, 
1974; Mills et al., 1990). This study was therefore 
designed to investigate the possibility of increasing pro-
duction to meet optimum growth during the winter season 
through the determination of various water temperature 
levels required for maximum growth in a hydroponics 
system. 
 
 
MATERIALS AND METHODS 
 
Site location and description 
 
The experiment was conducted at the greenhouse of the Cape 
Peninsula University of Technology, Cape Town, South Africa. A 
steel table (2.5  x 1 m) used as a flat surface, fish tank, leca clay 
pebbles were supplied by the Horticultural Department of Cape 
Peninsula University of Technology (CPUT), Cape Town, South 
Africa. Four plastic gutters (2  x 0.6 m), 4 pumps, 20 ml black plastic 
pipe, cable ties and 3 Dolphin aquarium heaters were purchased 
from Builders Warehouse, spinach seedlings from St.Omer Farm 
Wholesale Nursery, and mixture of Ocean HYDROGRO and Ocean 
HORTICAL nutrient solution Hortical from Stark Ayres all in Cape 
Town, South Africa. 
 
 
Experimental  
 
The randomised complete block design experimentation was used 
(Steel and Torrie, 1980). Four white plastic gutters (2 x 0.6 m) filled 
with leca clay pebbles were placed on a steel table (2.5 x 1 m). 
Water was supplied to the leca pebbles through pumps projecting 
from 4 sets of fish tanks placed beneath the table. The water in 
each of the 3 tanks was heated and maintained at 24°C (A), 26°C 
(B) and 28°C (C) respectively using Dolphin aquarium heaters. 
Spinach seedlings were planted in each gutter (20 seedlings per 
gutter) and supplied with nutrient solution prepared according to 
Ocean HYDROGRO (2009) and Ocean HORTICAL (2009) 
respectively. The nutrient solution was supplied to the seedlings 
immediately after transplantation. Nutrient solution supplied from 
the pumps was re-circulated to the fish tanks through a 20 ml black 
plastic pipe and the plants were left to grow for the period of 8 
weeks. To prevent accumulation of salts in the clay pebbles due to 
evaporation of nutrient solution, water was drained from the gutters 
and refreshed after every 2 weeks.  
 
 
Collection and analysis of data 
 
After two weeks of transplantation, rate of spinach growth was 
determined by measurements of plant height and leaf length (mm) 
and enumeration of leaf numbers. And after 8 weeks each plant 
was harvested and the total fresh and dry root and shoot mass (g) 
was determined. Statistical analysis was carried out as one way 
analysis of variance (ANOVA) using the STASTICA Software 
Programme version 2009 (StatSoft Inc., Tulsa, OK, USA). Where F-
value was found to be significant, Fisher’s least significant 
difference (LSD) was used to compare the means at P � 0.05 level 
of significance (Steel and Torrie, 1980).  
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RESULTS 
 
Table 1 shows the effect of four different temperature 
treatments in leaf numbers of spinach. Results showed 
that increasing the water temperature from 24 - 28°C 
significantly (P � 0.01) increased the leaf number. Result 
also showed that all the three sets of plants supplied with 
heated water had significantly (P � 0.01) higher number 
of leaves than those of the control (unheated water) set. 
However, as the temperature was increased to 28°C 
there was an insignificant reduction in the number of 
leaves of the plants. 

The effect of temperature on leaf length is shown in 
Table 2. Results showed that leaf length of the plants 
increased significantly (P ≤ 0.01) with increase in tem-
perature with maximum leaf length (371 mm) recorded at 
26°C. Results also showed that the leaf length of the 
control treatment did not increase significantly compared 
with the heat treatment from other plants.  

Figures 1 and 2 shows the influence of various tem-
perature treatments on fresh and dry weights of roots and 
shoots of spinach. Results showed that increasing water 
temperature to 28°C did not significantly improve the 
fresh and dry root weight as compared with the control 
treatment. However, fresh and dry shoot weights were 
significantly (P � 0.001) increased at elevated water 
temperatures (24 - 28°C). Maximum fresh shoot (31.2 g) 
and dry shoot weights (3.22 g) were recorded at 28°C 
compared with that of the control treatment and 24°C. 
Water temperatures of 26 and 28°C were significantly 
superior in stimulating the fresh and dry shoot weights. 
Generally, in this study increasing temperature promoted 
the rooting of spinach. The total fresh and dry weights 
also showed significant improvement (P � 0.001) at water 
temperature of 28°C compared with that of the unheated 
water (control). 
 
 
DISCUSSION 
 
Results of this study showed that increasing the tem-
perature of water supplied to spinach during winter 
improved growth and yield of the crop. It has been 
reported that in hydroponics, root temperature can be 
controlled by warming the nutrient solution and thus 
providing the heat energy requirements for optimum plant 
growth and development (Calatayud et al., 2008; Dielman 
et al., 1998; Moorby and Graves, 1980; Moss and 
Dalgleish, 1984). Improving temperature in the hydro-
ponic culture might have induced water and nutrient 
uptakes, speeding metabolic processes and hence shoot 
growth (Dong et al., 2001; Moorby and Graves, 1980). It 
is also possible that the increased temperature facilitated 
solubility of mineral nutrient uptake since the rate of dis-
solving of solutes increases with increase in temperature 
(Moorby and Graves, 1980; Xu and Huang, 2006). Thus, 
it is  well  established  that  nutrient  solution  temperature 
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Table 1. Effects of variation in water temperatures on leaf number of S. olearacea. Values presented are means ± SE.   
 

Treatment Temperature (ºC) 
Leaf numbers 

Measurements taken 2 weeks 
after transplanting 

Measurements taken 8 week 
after transplanting 

Control 
A 
B 
C 

10 
24 
26 
28 

4.5 
4.6 
4.9 
4.6 

±0.24a 
±0.34a 
±0.23a 
±0.19a 

4.9 
6.5 
6.4 
5.7 

±0.21c* 
±0.24a 

±0.34ab 
±0.40bc 

F Statistic  0.61 ns 5.91** 
 

** = significant at P � 0.01. 
*Means followed by the same letter are not significantly different from each other at P � 0.05. 

 
 
 

Table 2. Effects of variation in water temperatures on leaf length of S. olearacea. Values presented are means ± SE.   
 
 
Treatment 

 
Temperature (ºC) 

Leaf length (mm) 
Measurements taken 2 weeks 

after transplanting 
Measurements taken 8 weeks after 

transplanting 
Control 
A 
B 
C 

10 
24 
26 
28 

68.3 
70.7 
73.1 
74.2 

±4.22a 
±3.23a 
±3.29a 
±2.64a 

280 
347 
371 
356 

±11.06b* 
±11.2a 
±9.2a 

±10.7a 
F Statistic  0.62 ns 14.7*** 

 

*** = significant at P � 0.001. 
*Means followed by the same letter are not significantly different from each other at P � 0.05. 

 
 

 
 
Figure 1. Effects of changing water temperature on fresh weight per plants (g) of Spinacia olearacea. (A = 
24°C; B = 26°C; C = 28°C). Measurements were taken at 8 weeks after transplanting. *Means followed by the 
same letter are not significantly different from each other at P � 0.05. 
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Figure 2. Effects of variation in water temperature on dry matter yield per plant (g) of Spinacia oleracea. (A = 
24°C; B = 26°C; C = 28°C). Measurements were taken at 8 weeks after transplanting  *Means followed by the 
same letter are not significantly different from each other at P � 0.05. 

 
 
 
tends to determine the concentration of nutrients 
absorbed by the plant, as more nutrients are dissolved at 
higher temperatures and less at lower temperatures, 
consequently influencing the efficiency of the photo-
synthetic apparatus (Calatavud et al., 2004; Santarius, 
2004 Yamori et al., 2006, 2008). This in turn exerts 
pronounced effects on shoot growth of a number of plant 
species (Bowen, 1991). Low temperatures such as those 
experienced by plants in the control treatment in this 
study were subjected to the lowering rate of several 
physiological processes and hence, the observed poor 
shoot growth (Calatavud et al., 2004).  

Our results clearly showed the importance of increasing 
temperature in the solution, since the leaf number, leaf 
length and total fresh and dry weight per plant was higher 
in the plants grown in elevated temperatures in the solu-
tion as compared with the control. This is an indication 
that, increasing water temperature during cold season 
could potentially increase the yield of oleraceae L. The 
results from the experiment concur with other studies 
which reported that increasing water temperature to 
optimum levels, improved the growth rate of plants 
(Malauf and Breese, 1977). Other studies have also 
shown that, increasing water temperature during cold 
season produced good growth result in the production of 
vegetables (Bender, 1984; Rosik-Dulewska  et  al.,  2002;  

Sethi and Sharma, 2007).  
  
 
Conclusion 
 
In this study the rate of growth of S. oleracea L. and bio-
mass increased with increased water temperature, an 
indication for possible increase in yield when grown at 
higher temperatures during winter in controlled settings. 
Pilot studies for possible local cultivation in commercial 
green houses at controlled temperatures should be 
considered. In addition, nutrient, electrical conductivity 
(EC) and pH requirements in the hydroponic media on 
the growth of S. oleraceae L. need to be investigated. 
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