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Abstract 
Drought is considered the most crucial among all abiotic stresses that limit the productivity of crops. 
Drought stress in plants is characterized by reduced leaf water potential and turgor pressure, stomatal 
closure, and decreased cell growth and enlargement. This study was carried out to look into the effects 
of water stress under varying conditions as they affect the germination and early seedling growth of 
selected varieties of spinach. The experiment was executed at a garden in the Department of plant 
Biology, Federal University Dutse, Jigawa State. The plants were subjected to three types of watering 
regimes to check their water stress tolerance watering once daily for intermediate drought stress 
condition, one day interval for severe drought stress and two times watering regime for non-stress 
condition which involves watering the plants everyday two times a day, morning and evening, and for 
the control three times a day for each variety. The results of the study indicate significant difference (p 
< 0.05) across all the treatments in which the improved variety under non stress condition had the 
highest performance in all the vegetative parameters taken with 20.1cm, 22.8cm, 71.1cm, and 81.1cm 
for plant height, 20.1cm, 22.8, 71.1, and 81.1 for number of leaves, 20.1cm, 22.8cm, 71.1cm, and 81.1cm   
for root length, 0.30cm, 0.40cm, 0.46cm, and 0.80cm for stem diameter at 2, 4, 6 and 8 weeks after 
planting. While the least in the vegetative growth parameters were the plants under severe water stress 
condition with 7.50cm, 8.70cm, 19.2cm and 42.1cm for plant height, 7.50, 8.70, 19.2 and 42.1 for 
number of leaves, 7.50cm, 8.70cm, 19.2cm and 42.1cm for root length at 2, 4, 6 and 8 weeks after 
planting. The result indicated that the intermediate and severe water stress conditions affect the growth 
of spinach more than the non-stress condition and as such growing spinach in such condition should 
be avoided.  
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INTRODUCTION 
Spinach (Amarathus Hybridus) is a flowering plant in the family Amaranthaceae. (Biemond et 
al., 1996).  It is of the order Caryophyllales, and subfamily Chenopodioideae. Spinach is a fast-
growing plant, maturing within 6-8 weeks under optimal conditions. It thrives in well-drained 
soil with a pH between 6.0 and 7.5 and requires moderate water and full to partial sun 
exposure to develop fully (Hanson & Yang, 2016). Spinach is a water-intensive crop, and its 
growth is significantly influenced by the quantity of water use for irrigation (Dicoteau, 2000; 
Swiader & Ware, 2000).  However, the effects of different quantity of water used on spinach 
growth and development are not well understood, the use of low quantity of water can lead 
to reduced crop yields, decreased nutritional value, and increased susceptibility to disease. 
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Drought is considered the most crucial among all abiotic stresses that limit the productivity 
of crops (Anjum et al., 2011; Danish et al., 2014; Danish and Zafar-ul-Hye et al., 2019). Every 
year, out of 75% useable irrigational water, only 10 to 30% is consumed while rest is wasted 
(Yu et al., 2013). Drought stress in plants is characterized by reduced leaf water potential and 
turgor pressure, stomatal closure, and decreased cell growth and enlargement (Farooq et al., 
2019).  
 
In Nigeria Drought is the most important abiotic factor limiting growth, adversely affect 
growth and crop production. Drought and stress are the most common environmental stresses 
that almost 25 percent of agricultural lands for agricultural farm products in the world is 
limited. Drought stress effects on a different physiological process in the plant tissue, it 
inhibits the absorption of K+ ion, increases absorption of Na+ ion, and reduced cell soluble 
protein contents. There are negative effects on plant growth at various morphological, 
physiological, and Molecular bases, it reduces photosynthesis, affects plant water relations, 
disturbs plant nutrient relations, and consequently decreases crop productivity. 
 
Drought stress affects crop productivity worldwide, it represents one of the major challenges 
to world food security. There is a need to investigate the plant ability to grow and produce 
yield under drought conditions. This research aims to evaluate the growth of selected spinach 
varieties under varying water stress conditions. And also the research was undertaken in 
order to investigate how water stress affect growth of spinach (Amaranthus caudatus) and also 
to determine the tolerance of the different cultivars of spinach to varying water stress 
conditions.The implication of this study indicated that improved variety of spinach had more 
tolerance to drought conditions more than the local variety and could therefore be used by 
farmers in vegetable growing areas that are mostly affected by moderate drought condition 
but not severe drought stress condition. 
 
MATERIALS AND METHODS 
Experimental Site  
The experiment was carried out at Federal University Dutse botanical garden beside the 
microbiology lab, located in Dutse, Jigawa state with coordinate between latitude 11.00̊ N to  
13.00̊ N and longitude  8.00̊ E to 10.15̊ E. 

 
 Collection of Seeds 
Spinach seeds were sourced from JASCO in Dutse, Jigawa State. Two varieties of spinach were     
used for the experiment, a local variety and an improved variety. 

 
Experimental Treatments and Design 
The experimental treatments were 2 types of watering regimes for drought stress i.e. watering 
once daily for intermediate water stress condition, 1 days interval for severe water stress and 
1 type of watering regime for non-stress condition which involves watering the plants 
everyday 2 times a day i.e. morning and evening. 

 
Planting of Seeds 
Polythene bags were used in this experiment. Soil was mixed with cow dung at 3:1 ratio and 
each of the polythene bags was filled with the soil and were allowed to stay for two days and 
watered well before planting and were placed in a Randomized complete block design 
(RCBD) Each of the treatments were replicated 10 times.  
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Data Collection 
Collection of data was done at 2, 4, 6 and 8 weeks after planting on some physiological 
parameters. The description of the procedure for each is given below: 
 
Vegetative Growth Parameters 
Plant Height in (cm)  
The height of the control and treated plants were measured from the ground level to the tip 
of the stem or terminal bud with the aid of a meter rule and thread and the measurements 
were recorded.  
 
Number of Leaves 
The number of leaves of the treated and control plants were counted and recorded  
 
Stem Diameter (cm) 
Stem girth of the treated and control plants were measured with micro-screw guage with zero 
error which is 9×0.01mm=0.09mm, so the corrected diameter for all the treatments were 
subtracted by 0.09mm, and reading for each treatment were converted into cm at the end. 

  
Root length in (cm) 
The root length of the control and measured plants were measured from the tip of the root to 
the terminal bud of the stem with the aid of a meter rule and thread and the measurements 
were recorded. 
 
Data analysis 
The data collected on vegetative growth was analyzed using analysis of variance and means 
with significant differences was further separated using least significant difference (LSD) test 
at P<0.05. 
 
RESULTS  
Effect of Different Water Stress Conditions on Plant Height 
Comparison between the treatments indicated that the control plants in the improved variety 
had the highest plant height; 21.8cm, 23.6cm, 71.8cm, and 81.0cm in all the weeks i.e. at 2, 4, 6 
and 8 weeks after planting respectively. Followed by those plants treated under improved 
non stress; 20.1cm, 22.8cm, 71.1cm, and 81.1cm  at  2,4,6 and 8 weeks after planting 
respectively, then followed by those plants under the improved intermediate; 14.1cm, 18.3cm, 
34.3cm, and 55.5cm, followed by improved severe (IPSV) treatments 13.4cm, 16.7cm, 22.3cm, 
and 53.2cm ,then followed by local control (LCC) treatment (12.5cm, 14.2cm, 34.1cm, and 
50.1cm), then local non stress; 11.5cm, 12.4cm, 34.1cm, and 49.4cm then local intermediate 
(LIM); 8.10cm, 10.1cm, 33.9cm, and 43.4cm, the least in plant height were those plants treated 
under local severe (LSV); 7.50cm, 8.70cm, 19.2cm and 42.1cm at 2,4,6 and 8 weeks after 
planting respectively (Table 1). 

 
Effect of Different Water Stress Conditions on Number of Leaves 
Results between the treatments has indicated that the control plants in the improved variety 
had more number of leaves than any of the treated plants; 21.8, 23.6, 71.8, and 81.0 in all the 
weeks i.e. at 2, 4, 6 and 8 weeks after planting respectively. Followed by those plants under 
the improved non stress;  20.1cm, 22.8, 71.1, and 81.1  at  2,4,6 and 8 weeks after planting 
respectively, then plants under improved intermediate;14.1cm, 18.3, 34.3, and 55.5, followed 
by plants under improved severe (IPSV) ; 13.4, 16.7, 22.3, and 53.2, then followed by the local 
control (LCC); 12.5, 14.2, 34.1, and 50.1, then local non stress; 11.5, 12.4, 34.1, and 49.4 then 
local intermediate (LIM); 8.10, 10.1, 33.9, and 43.4, the least in number of leaves were those 
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plants under  the local severe (LSV);  7.50, 8.70, 19.2 and 42.1 at 2,4,6 and 8 weeks after planting 
respectively (Table2). 

 
Effect of Different Water Stress Conditions on Root Length 
Comparison between the treatments shows that the control plants in the improved variety 
had the highest root length; 21.8cm, 23.6cm, 71.8cm, and 81.0cm at 2,4,6 and 8 weeks after 
planting respectively (Table 3). Followed  by improved non stress; 20.1cm, 22.8cm, 71.1cm, 
and 81.1cm  at  2,4,6 and 8 weeks after sowing respectively,  this was  followed by  treatment 
under improved intermediate; 14.1cm, 18.3cm, 34.3cm, and 55.5cm at  2,4,6 and 8 weeks after 
sowing respectively, then improved severe (IPSV) 13.4cm, 16.7cm, 22.3cm, 53.2cm),then 
followed by local control (LCC); 12.5cm, 14.2cm, 34.1cm, and 50.1cm, then local non stress; 
11.5cm, 12.4cm, 34.1cm, and 49.4cm then local intermediate (LIM) 8.10cm, 10.1cm, 33.9cm, and 
43.4cm, the least in root length were those plants treated under local severe (LSV); 7.50cm, 
8.70cm, 19.2cm and 42.1cm at 2,4,6 and 8 weeks after sowing respectively (Table 3). 
 
Effect of Different Water Stress Conditions on Stem Diameter 
The adopted control in the improved variety had stem diameter; 0.2cm, 0.40cm, 0.50cm, and 
0.90cm more than any of the treatment at 2, 4, 6 and 8 weeks after planting respectively (Table 
4). Followed by those plants treated under improved non stress; 0.30cm, 0.40cm, 0.46cm, and 
0.80cm  at  2,4,6 and 8 weeks after planting respectively, this was  followed by  treatment 
under improved local control; 0.26cm, 0.40cm, 0.42cm, and 0.64cm, at 2, 4, 6 and 8 weeks after 
planting respectively,  then improved intermediate (IPIM) treatments; 0.30cm, 0.30cm, 0.40cm, 
and 0.56cm, at 2, 4, 6 and 8 weeks after planting respectively, followed by improved severe  
(IPSV) treatment 0.24cm, 0.40cm, 0.50cm. and 0.60cm at 2, 4, 6 and 8 weeks after planting 
respectively then local severe 0.24cm, 0.40cm, 0.48cm, and 0.50cm, followed by  local non 
stress  (LNS);0.22cm, 0.32cm, 0.40cm, and 0.60cm, the least in plant height were those plants 
treated under local intermediate (LIM)  0.20cm, 0.30cm, 0.40cm, and 0.50cm at 2,4,6 and 8 
weeks. (Table 4). 
 
DISCUSSION 
Effect of Water Stress on Plant Height 
Findings from this study showed that plant under the improved non-stress condition had the 
highest height, while the plants treated under severe condition had the lowest or least plant 
height. This is in agreement with the assertion of Bravo et al., (2017), Water stress has also been 
reported to severely reduce germination and seedling height (Kaya et al., 2006). In a study on 
pea, drought stress impaired the germination and early seedling growth of five cultivars 
tested (Occur et al., 2008). Moreover, in alfalfa (Medic ago sativa), germination potential, 
hypocotyl length, and shoot and root fresh and dry weights were reduced by polyethylene 
glycol-induced water deficit, while the root length was increased (Zaid and Shaded, 2006).  
 
Effect of Water Stress on Number of Leaves 
The improved variety of spinach treated under non stress condition had the highest number 
of leaves than any of the treatments and the difference between them was significant (P=0.05). 
This is in accordance with the findings of El-Juhany and Aref, (2005) regarding their work 
with conocarpus erectus under drought stress. 
 
Effect of Water Stress on Root Length  
Plants under the improved non stress showed the highest root length among all the treatments 
and the least interms of root length were those plants under the local severe condition. This 
result also agrees with that of polania et al., 2012 where they observed that phenotypic 
evaluation of root traits under drought stress has shown the contribution of deep rooting to 
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access more water from deeper soil layers. Also in alfalfa (Medic ago sativa), germination 
potential, hypocotyl length, and shoot and root fresh and dry weights were reduced by water 
deficit, while the root length was increased (Zaid and Shaded, 2006)’ 
 
Effect of Water Stress on Stem Diameter 
The plants under the improved non stress had the highest value interms of stem diameter, 
this was followed by the plants under improved local control.  An evidence from another 
study showed a significant effect of water stress on stem diameter of maize hybrids observed 
by Yamaguchi and Shinozak 2004. 
 
Table 1:  Effect of different water stress conditions on plant height (cm). 

Treatments 2WAP  3WAP  6WAP  8WAP  

LCC 12.5e 14.2e 34.1b 50.1d 
LNS 11.5f 12.4f 34.1b 49.4e 
LIM 8.10g 10.1g 33.9b 43.4f 
LSV 7.50h 8.70h 19.2d 42.1g 
IPC 21.8a 23.6a 71.8a 81.0a 
IPNS 20.1b 22.8b 71.1a 81.1a 
IPIM 14.1c 18.3c 34.3b 55.5b 
IPSV 13.4d 16.7d 22.3c 53.2c 
LSD (P≤ 0.05)  0.43 0.33 0.70 0.50 

Key: LCC =Local Control, LNS=Local Non Stress, LIM=Local Intermediate, LSV=Local Severe, IPC=Improved 
Control, IPNS=Improved Non Stress, IPIM=Improved Intermediate, and IPSV=Improved Severe.  

 
Table 2:  Effect of different water stress conditions on number of leaves at different weeks  

Treatments 2WAP  3WAP  6WAP  8WAP  

LCC 5.80c 9.20c 15.4d 15.6c 
LNS 5.60c 7.40e 10.0f 14.8cd 
LIM 5.60c 7.60de 12.0e 14.2d 
LSV 3.40d 5.60f 9.40f 12.2e 
IPC 8.60a 13.0a 25.4a 29.0a 
IPNS 8.00ab 11.8b 21.2b 14.0d 
IPIM 7.80b 9.40c 16.6c 18.6b 
IPSV 5.60c 8.60cd 13e 13.6b 
LSD (P≤ 0.05)  0.78 1.00 1.06 1.02 

Key: LCC =Local Control, LNS=Local Non Stress, LIM=Local Intermediate, LSV=Local Severe, IPC=Improved 
Control, IPNS=Improved Non Stress, IPIM=Improved Intermediate, and IPSV=Improved Severe.  

 
Table 3:  Effect of different water stress conditions on root length at different weeks  

Treatments 2WAP  4WAP  6WAP 8WAP  

LCC 7.52a 7.54d 17.7f 30.4b 
LNS 6.768c 7.12e 17.2g 30.1c 
LIM 7.20b 6.16f 18.2e 27.2e 

LSV 6.20d 5.20g 11.2h 12.0f 
IPC 3.16f 9.64b 28.2a 31.3a 
IPNS 6.06d 9.04c 27.5b 30.3bc 
IPIM 3.40e 18.3a 27.1c 28.3d 
IPSV 2.92g 9.20c 20.7d 28.2d 
LSD (P≤ 0.05) 0.18 0.18 0.19 0.19 

Key: LCC =Local Control, LNS=Local Non Stress, LIM=Local Intermediate, LSV=Local Severe, IPC=Improved 
Control, IPNS=Improved Non Stress, IPIM=Improved Intermediate, and IPSV=Improved Severe.  
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Table 4:  Effect of different drought stress conditions on stem diameter at different weeks   
Treatments 2WAP  4WAP  6WAP 8WAP  

LCC 0.26bc 0.40a 0.42c 0.64c 
LNS 0.22cd 0.32b 0.40c 0.60d 
LIM 0.20d 0.30b 0.40c 0.50f 
LSV 0.24cd 0.40a 0.48ab 0.50f 
IPC 0.32a 0.40a 0.50a 0.90a 
IPNS 0.30ab 0.40a 0.46b 0.80b 
IPIM 0.30ab 0.30b 0.40c 0.56e 
IPSV 0.24cd 0.40a 0.50a 0.60d 
LSD (P≤ 0.05) 0.05 0.02 0.04 0.04 

 Key: LCC =Local Control, LNS=Local Non Stress, LIM=Local Intermediate, LSV=Local Severe, IPC=Improved 
Control, IPNS=Improved Non Stress, IPIM=Improved Intermediate, and IPSV=Improved Severe.  

  
CONCLUSION 
In conclusion, intermediate and severe water stress conditions affected the growth of spinach 
more than the non-stress condition and as such growing spinach in such condition should be 
avoided. Comparison between the varieties used for the experiment had shown that improved 
variety had more tolerance to drought conditions more than the local variety and could 
therefore be used by farmers in vegetable growing areas that are mostly affected by 
intermediate water stress condition but not extreme water stress condition. 
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