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ABSTRACT  
This study assesses the nutrient accumulation efficiency of Solanum lycopersicum and 

Solanum melongena at vegetative, flowering, and fruiting growth stages under drought 

conditions, with a view to identifying their critical growth stages to drought and provide 

a reliable and more efficient approach to drought stress research. The experiment was 

conducted within a screen house to keep extraneous factor at the barest minimum and a 

randomized complete block design with six replicates was employed. The experiment 

includes four treatments which includes W1: exposed to drought at vegetative growth 

stage; W2: exposed to drought at flowering growth stage; W3: exposed to drought at 

fruiting growth stage; and Control which was exposed to drought at all the growth 

stages. Analysis of nutrient accumulation levels in plants’ tissues followed standard 
procedures. The study showed variation in levels of nitrogen, phosphorus, potassium, 

magnesium and iron, indicating that drought affects these essential elements differently 

across growth stages, with the effect of drought most profound at flowering stage in both 

species. This study provides valuable insights for breeding drought-tolerant cultivars, 

by targeting growth stages in irrigation scheduling, and optimizing water and fertilizer 

management practices for sustainable crop production in drought-prone agricultural 

systems. 
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INTRODUCTION 

Abiotic stress is the biggest cause of crop loss around the world, with most major 
crop species' average yields falling significantly annually in recent times (Kopecká, 
2023). Among abiotic stressors, drought is a global issue that severely limits global food 
production and quality, and recent global climate change has exacerbated the problem. 
It might deteriorate even more in the near future as desertification accelerates, and the 

current annual loss of arable land as a result of global warming could triple by the end 
of the century (Evans, 2005; Vinocur and Altman, 2005). Drought stress has an impact 
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on plant development, dry matter, harvestable output and nutrient use efficiency. 
Drought also inhibits the potential of various physiological processes such as leaf 
development, stomatal conductance, rate of photosynthesis, and nitrogen metabolism. 
(Heidaiy and Moaveni, 2009). 

Plants respond to drought in a number of ways including acclimation, avoidance, 
resistance, changes in gene expression and cellular metabolism to changes in growth and 
productivity. Timing, duration, severity, and stage of development all play important 
factors in how a plant adapts to droughts (Demirevska et al., 2009; Adejumo et al., 

2025). Many abiotic stressors cause phenotypic damages, and the expression of defense 
is influenced by the type of abiotic stress involved (Mauchi-Mani et al., 2014). The 
degree of damage or susceptibility of plants to drought varies depending on factors such 
as stress degree, plant species, and developmental or growth phases of plants 
(Demirevska et al., 2009; Olowolaju et al., 2023; Adejumo et al., 2025). It is suggested 
that selection efficiency in breeding for water stress resistance may be improved if 
specific physiological qualities such as nutrient use efficiency could be found and used 

as selection criteria in addition to standard plant breeding (Acevedo et al., 1991). 
S. lycopersicum and S. melongena both belongs to Solanaceae family and are 

among the world’s most cultivated and economically important vegetable crops of high 
nutritional values. Cultivating these crops is of both economic and social significance in 
places all over the world as they adapt to a variety of climatic conditions (Neves et al., 
2013), but abiotic stress, including drought, is one of the most serious issues that these 
crops face which limit their productivity (Morales et al., 2015). These crops are 
vulnerable to several environmental stressors such as heat, drought, salinity, and 

pollution. Thus, there is a need to produce cultivars that can tolerate these stressors or 
develop a practical and reliable means of mitigating their effects (Durst and 
Bayasgalanbat, 2014). 

Owing to the fact that vegetables crops are widely cultivated in semi-arid zones 
where drought is frequent, understanding nutrient accumulation or nutrient use 
efficiency at different growth stages of these crops under drought condition will help 
identify their critical growth stages to drought, provide a practical and reliable means of 

researching drought stress tolerance in plants and of utmost importance for water and 
fertilizer management, irrigation scheduling research, and sustainable production in 
drought-prone areas. 
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MATERIALS AND METHODS 

Experimental plants. Seeds of S. lycopersicum (var. Ibadan local) and S. 

melongena (var. Gilo) were supplied by the National Centre for Genetic Resources and 
Biotechnology (NACGRAB), Ibadan, Oyo state, Nigeria. 

Experimental design. The experiment was laid out in a Randomized Complete 
Block Design (RCBD) with six replicates. 

Experimental treatments. There were four treatments, indicating different 
water regimes as follows; 
W1: - subjected to drought at vegetative stage. 

W2: - subjected to drought at flowering stage. 
W3: - subjected to drought at fruiting stage. 
Control: - subjected to drought at all the three stages. 

Experimental site. The study was carried out within a screenhouse at the 
Department of Botany, Obafemi Awolowo University, Ile-Ife, Nigeria. 

Phosphorus, iron and magnesium accumulation. Iron, magnesium and 
phosphorus in the leaf extract of tomatoes and eggplants was determined using an 
Atomic Absorption Spectroscopy (AAS) as described by Jaleel et al. (2009), using 

Analyst 400 Atomic Absorption Spectrophotometer model. Two grams of the dried 
sample was digested using ten millilitres of concentrated H2SO4 and five millilitres of 
concentrated HNO3. The samples were then cautiously heated at 250 0C until vigorous 
reaction subsides. Heating was continued at 450 0C for three hours.  The digested 
samples were filtered through a Whatman No. 40 filter paper into a 100 mL flat-bottom 
flask and contents was topped up to the mark with distilled water. One milliliter of 10% 
w/v of chloride salt was added to each sample and was then run into an Atomic 

Absorption Spectrophotometer (AAS).  Concentrations of the minerals were obtained 
from calibration curves made from standards of the elements. Sodium, Iron, Magnesium 
and Zinc were measured using atomic colometric assay. 

Determination of potassium. Determination of potassium was done using the 
procedures described by Jaleel et al. (2009). Dried and ground samples weighing 0.5 g 
were digested in 100 mL of Kjeldahl flask using 15 mL of concentrated nitric acid, 0.5 
mL of 60% perchloric acid and 0.5 mL of concentrated sulphuric acid. Digestion 

continued until the nitric and perchloric acids were dried. The ionic residue was cooled, 
diluted with 15 mL of distilled water and then filtered through Whatmann Number 42 
filter paper. The filtrate was diluted to a final volume of 50 mL with distilled water, 
which was then used for estimating calcium and potassium concentrations using a flame 
photometer. 
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Determination of nitrogen. The nitrogen was determined by Kjeldahl’s 
digestion-distillation method as described by Jackson (1973). In this method, leaves of 
the sample were dried to 105 0C until their weight was stable and they were finely ground 
to homogenize the material and to assure good digestion. 0.5 g of powdered sample was 
digested with Conc.H2SO4 in presence of digestion mixture (K2SO4:CuSO4.5H2O:Se) in 
the proportion of (100:20:1) and distilled under alkaline medium. The liberated NH3 was 
trapped in 25.0 mL of 4.0% (w/v) boric acid containing mixed indicator and titrated 
against standard H2SO4. 

Statistical analysis. Data obtained were analysed using one-way analysis of 
variance (One-way ANOVA). Fisher’s LSD was to separate means that are significantly 
different. 
 

RESULTS AND DISCUSSIONS 

Effect of drought on nutrient accumulation in S. lycopersicum at different 

growth stages: The results show that the nitrogen content of S. lycopersicum was highest 
in W2, phosphorus, magnesium, and potassium contents were all accumulated the most 
in W3. Iron content on the other hand was highest in W2. All the mineral composition 

of S. lycopersicum analysed in this study were lowest in the control except iron which 
was lowest in W2. There was significant difference in nutrient accumulation in the 
tissues of S. lycopersicum among the treatments at p ≤ 0.05 (Table 1). 

 
TABLE 1: Nutrient accumulation levels of S. lycopersicum under drought at different growth stages 

Treatment Nitrogen Phosphorus Magnesium Potassium Iron 

W1 b2.288 b0.358 c1.358 b1.550 a3.843 

W2 a2.424 c0.331 b1.512 c1.486 d3.260 

W3 c2.174 a0.432 a1.521 a1.603 b3.640 

Control d1.534 d0.322 d1.284 d1.437 c3.584 

LSD 0.00 62E-11 0.00 0.00 0.00 

Means with the same letter along the same columns are not significantly different at p ≤ 0.05. 

W1 = treatment subjected to drought at vegetative stage; W2 = treatment subjected to drought at flowering stage; W3 = 

treatment subjected to drought at fruiting stage; Control = treatment subjected to drought throughout 
 

Effect of drought on nutrient accumulation in S. melongena at different 

growth stages: The results show that nitrogen, phosphorus, and potassium content of S. 
melongena was highest in W3. Magnesium content on the other hand was accumulated 
the most in W2, while W1 had the highest Iron content. All the mineral composition of 
S. melongena analysed in this study were lowest in control except for potassium content 
which was lowest in W2. There was significant difference in mineral composition in the 
tissues of S. melongena among the treatments at p ≤ 0.05. 



Annals of West University of Timişoara, ser. Biology, 2025, vol. 28 (1), pp.59-64 

  63 

 

TABLE 2: Nutrient accumulation levels of S. melongena under drought at different growth stages 
Treatment Nitrogen Phosphorus Magnesium Potassium Iron 

W1 c2.955 b0.566 a1.501 c2.761 a3.987 

W2 b3.033 c0.533 c1.020 d2.500 c3.537 

W3 a3.056 a0.606 b1.500 a3.688 b3.789 

Control d1.603 d0.393 d0.893 b2.785 d2.789 

LSD 29E-9 14E-10 15E-9 0.00 0.00 

Means with the same letter along the same columns are not significantly different at p ≤ 0.05. 

W1 = treatment subjected to drought at vegetative stage; W2 = treatment subjected to drought at flowering stage; W3 = 

treatment subjected to drought at fruiting stage; Control = treatment subjected to drought throughout 

 
Mineral elements such as nitrogen phosphorus, magnesium, potassium, and iron 

have the potential to activate stress-related genes, detoxify reacting oxygen species, and 
protect photosynthetic machinery, as well as maintain structures of proteins by acting as 
molecular chaperones under stressed conditions (Gupta et al., 2024). In the current study, 
drought influence in the levels of accumulation vary in nitrogen phosphorus, magnesium 
and iron at vegetative, flowering and fruiting stages in both studied plant species across 

among the treatments, and they are generally lowest in the control. The results indicate 
that drought has significant impacts in inhibiting nutrient use efficiency in these plants. 
The impairment in accumulation of these elemental composition observed in in 
accordance with the findings of Bisla et al., (2018) who found similar trend in drought 
sensitive and tolerant grasses under drought and this might be attributed to decrease in 
root nutrient uptake protein, decrease in nutrient uptake kinetics of roots, decrease in soil 
microbial activities of microbes and reduced activities of enzymes that are involved in 
nutrient uptakes. 

 
CONCLUSIONS 

This study concludes that drought stress significantly alters nutrient 
accumulation in S. lycopersicum and S. melongena across all growth stages, with 
flowering stage being the most critical. This finding provides a valuable insight into 
drought tolerance in plants and water and fertilizer management, and sustainable 
production of these crops in drought-prone areas. It also underscores the necessity of 
targeted irrigation strategies and the selection of growth-stage-specific drought-tolerant 

cultivars for improved crop resilience. 
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