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ABSTRACT 
Water imbalance limits growth and antioxidant production in plants. This study assessed varying concentrations (1, 2, 3 and 
4 g/L) of glycine betanine (GB) on growth, nutritional contents, and antioxidant production in beniseed under drought 
conditions. Plant height (49.40 cm), number of leaves (27), leaf area (231.93 cm2), specific leaf area (57.98 m2kg-1), and leaf 
area index (0.62 m2m-2) were higher in beniseed treated with 4g/L GB compared with lower concentrations of the osmolyte. 
However, the well-watered treatment improved significantly the relative growth rate (0.06 mgg-1day-1) and net assimilation 
rate (0.02 gm-2day-1). Chlorophyll-a (3.38 mg/g), chlorophyll-b (3.81mg/g) and total chlorophyll (7.20 mg/g) showed a 
significant increase in the plant under 3g/LGB. Moisture (91.07%), fat (2.74%), ash (3.55%), crude fiber (3.51%), and crude 
protein (4.47%) were significantly higher (p<0.05) in the treatments grown under 4g/LGB. The observation was consistent in 
sodium, potassium, calcium and magnesium as well as vitamin A, vitamin B5 and vitamin C. Superoxide dismutase (SOD) 
(1.58 u/gt), APX (1.18 u/g), CAT (1.58 mg-1), GR (1.59 u/g), GST (14.07 mg-1) and SP (19.06 u/ml) were higher in the roots of 
beniseed grown under drought. Conclusively, beniseed grown under,3 and 4g/L GB improved growth attributes and 
nutritional contents while high antioxidant production was observed in the roots of beniseed droughted compared with other 
parts. 
Keywords: Osmolyte, Osmoregulation, Amelioration, Antioxidative enzymes, Water deficit, Drought-induced stress 

INTRODUCTION 
Sesame (Sesamum indicum L.) is an erect annual herb 
known as beniseed which belongs topedaliaceae family. 
It is one of the oldest and most traditional oilseed crops 
valued for quality seed oil. Studies have shown that 
beniseed cultivation was native to South Asia and spread 
west to Mesopotamia (Fuller, 2003; Scott et al., 2021; 
Purseglove, 2016). It is commonly used for food, 
ointments, medicine, sweets, and as bakery products or 
milled to get high-grade edible oil. Despite the economic 
relevance of the plant, the erratic nature of 
meteorological conditions has drastically reduced the 
production of the crop (Global Agrisystem, 2010).  

 
Studies have also proven that plants including beniseed 
are being faced with water limitation. The condition often 
results in water stress (Umair et al., 2020; Chaudhry et 
al., 2022) and results in a decline in the production 
potentials of plants due to their low water use efficiency 
(Kapoor et al., 2020). Gene pools of many plants 
including beniseed gradually being eroded and extricated 
rapidly due to irregularity being observed in rainfall 
patterns and its associated effects on the reproductive 
cycle of the crops(Monja-Mio et al., 2019). Also, lack of 
water or dehydration has been reported to contribute to 
desiccation, disruption of stable water configuration, 
changes in cell pH, increased concentration of cell sap, 
decrease in water potential, and modulation of 
biochemical activities of plants(Kumar et al., 2019; 
Wahab et al., 2022).  

 
In an attempt to withstand the resultant effects of water 
stress on plants including beniseed, many of them 
develop several natural mechanisms to cope with the 
conditions. Some of the mechanisms are the production 
of hydrophilic substances such as polyhydric alcohol, 

osmolytes, and antioxidative enzymes, desiccation 
postponement and desiccation tolerance, drought 
avoidance and drought tolerance, drought escape and 
hydropasive and hydroctive stomata closure among 
others (Zadehbagheri et al., 2014; Hussain et al., 2021). 
Sugars such as glycine batanine and sucrose are usually 
increased in drought conditions in such plants since their 
presence regulates the water potential of the cells (Chen 
et al., 2020). According to Kurepin et al. (2017), GB 
treatment modulated growth, survival, regulated 
metabolic processes, improved net CO2 assimilation rate, 
enzymes, and lipids of photosynthetic machinery of 
plants at various levels of water deficit. Despite the 
natural coping mechanisms displayed by plants against 
water stress, the condition is still being reported to 
account for 70% of crop failure (Zhang et al., 2019) 
therefore, there is a need to argument the water stress 
coping mechanisms of plants in order to protect plants 
from injury and maintain their food values even under 
abiotic stresses. In addition, only a few studies have 
been conducted on coping mechanisms of beniseed to 
water deficit therefore, this study investigated the effect 
of GB on growth, biochemical compositions, and anti-
oxidant activities in the roots and leaf of water-stressed 
beniseed. 
 
MATERIALS AND METHODS 
Study Site of Field Experiment  
This experiment was conducted at Botanical Garden, 
Lagos State University, Ojo Nigeria (Latitude 6.46663, N 
6027’59.8662’’, Longitude 3.20004, E 3012’0.14652’’) 
(F682+G27, Ojo 102101, Lagos, Nigeria) 
 
Seeds Collection  
Seeds of beniseed were purchased from Farmers’ 
market in Asero, Abeokuta Ogun State.  
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The seeds were identified at the Forest Herbarium 
Ibadan (FHI-38198) of Forestry Research 
Institute of Nigeria, Ibadan. 
 
Soil Collection and Nursery Preparation 
Top soil was randomly collected 500m apart at the 
Botanical Garden of the Department of Botany, of Lagos 
State University, Ojo-Lagos following the methods of 
Vijay et al. (2019), Ojewumi et al. (2022) and Ojewumi et 
al. (2023). The soil was poured into eighteen perforated 
buckets. Seedlings of the plant were raised in the 
greenhouse of the Department for three weeks. Uniform 
seedlings (13-14cm) were selected and transplanted into 
each planting bucket and thereafter watered for another 
week which facilitated the hardening of the seedlings on 
the planting bucket.  
 
Experimental Design and Preparation of Treatments 
The planting buckets (one seedling per bucket) were 
arranged in a completely randomized design of four 
replicates. Thereafter, 1 2, 3, and 4 g GB were measured 
separately and diluted in 1 liter of water. Hundred 
(100mL) of each treatment was applied once daily on the 
seedling exogenously according to Ojewumi et al. (2022). 
Drought-imposed vegetables (Droughted) were treated 
with 100 mL of distilled water once in a week using foliar 
application just to ensure their survival. The treatments 
were extended for eight weeks after which data were 
collated from the vegetable under each treatment before 
the flowering stage of the vegetable. 
 
Data Collection 
Plant height, number of leaves, leaf area, leaf 
concentrations, shoot, and root dry weight were 
measured according to methods of Ojewumi et al. (2023) 
 
Assessment of Growth Components in Beniseeds: 
The total leaf area was measured using a leaf area 
metre. Specific leaf area (SLA) and leaf area index (LAI), 
relative growth rate, net assimilation rate, and leaf area 
ratio of the plants were determined as shown below 
(Alireza et al., 2012). 
 

 

 

 

 
 

 
Where A1= Area of leaf at t1, A2= Area of leaf at t2, W1= 
first measured weight (g), W2= second measured weight 
(g), T1= initial time (weeks) and T2= final or second time 
(weeks) 
 

Determination of Photosynthetic Pigments in 
Beniseed Leaves 
Photosynthetic pigments such as chlorophyll a, 
chlorophyll b, and carotenoid were determined using a 
spectrophotometry method described in Metzner et al. 
(1965) and Dawood et al. (2014). 
 
Determination of Nutritional Contents in Beniseed 
Leaves  
Ash content: Five (5.0 g) of the samples were added to 
a known weight crucible, weighed and dried (932F) for 4 
hours and reweighed. Ash was determined as shown 
below (AOAC, 2000 cited in Ojewumi et al. (2021). 
 

Ash (%) =  

 
Crude Fat: Two grams of the beniseed sample were kept 
using a paper thimble in a weighed fat extractor. Ninety 
(90 mL) of C6H14 was further added, refluxed and 
weighed and crude fat was determined. 
 
Crude fat (%) = 

 

 
Moisture: moisture in the sample was calculated using 
the formula below: 
 
Moisture (%) = 

 
Crude fiber: Two grams each of the samples were boiled 
in 20ML of 1.25% H2SO4 for 30min, filtered, washed 
thoroughly in hot water, and boiled using 200ML of 
1.25% NaOH for 30 min. Spotless beaker was dried 
(100+5oC), cooled, and the weights of the contents were 
estimated. Spotless beakers with its content were dried 
at 9320F-11120F for 3 hours and weighed. Crude fiber 
was determined as shown below; 
Crude fibre (%) =  

 
Crude protein: The total nitrogen was determined using 
Micro-Kjeldahl (Ojewumi and Oyebanji (2020). Protein 
content (%) was determined as shown below 
Protein (%) = 

 
Determination of Mineral Elements and Vitamins in 
the Beniseed Leaves  
Elemental contents such as calcium, potassium, 
magnesium, zinc, phosphorus, and sodium in the 
samples were determined using an Atomic Absorption 
Spectrophotometer (Perkin-Elmer Model 2280) as 
reported by (Harborne, 1973). Vitamin A was measured 
using a Spectrophotometer (MetrohmSpectronic 21D 
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Model) at a wavelenght 328 nm according to the 
procedure of AOAC (2000). Vitamin B3 was determined 
as described by Iqbal et al. (2012). Vitamin B5; and 
Vitamin B6 were determined following the standard 
procedure of AOAC (2000). Ascorbic and vitamin E and 
vitamin K pantothenic acid absorbances were read at 760 
nm and 570 nm, respectively; whereas the absorbances 
of tocopherol, pyridoxine, and phylloquinone were read at 
470 nm, 415 nm, and 480 nm using Spectrophotometer 
(MetrohmSpectronic 21D Model). 

 
Determination of Antioxidant Activities in Roots and 
Leaves of Beniseed 
Catalase Activity (CAT) 
CAT was assayed by measuring the initial rate of 
disappearance of H2O2 (Hafez et al., 2012). Catalase 
reaction solution contained 50 mmolL−1sodium-potassium 
phosphate buffer (pH 7.0), 10 mmolL−1H2O2, and 20 μL 
enzyme extract in a final assay volume of 1 mL. The 
decrease in H2O2 was measured following the changes in 
the absorbance of the reaction solution at 240 nm. 
Extinction coefficient ε = 0.036 Lmmol−1cm−1 was used to 
calculate the concentration of CAT. One unit of CAT is 
defined as the enzymatic activity that catalyses the 
degradation of 1 μmol H2O2 per minute. 
 
Glutathione Reductase (GR)  
Glutathione reductase activity was determined using a 
reaction solution. The reaction solution contained 50 
mmolL−1sodiumphosphatebuffer (pH 7.5), 5 mmolL−1 
EDTA, 1 mmolL−1 NADPH, 1 mmolL−1 oxidized 
glutathione and 300 μl enzyme extract in a final assay 
volume of 1 mL. NADPH oxidation was determined at 
340 nm (Foyer et al., 1991). Activity of the enzyme was 
calculated using an extinction coefficient ε = 6.22 
Lmmol−1cm−1 for NADPH. One unit of GR is defined as 
the enzyme activity that oxidizes 1 μmol NADPH per min. 
 
Superoxide Dismutase (SOD) 
Superoxide dismutase activity in the root and leaves of 
the vegetable was determined by measuring its ability to 
inhibit the photochemical reduction of nitro-blue 
tetrazolium (NBT) to blue formazan by flavins under 
illumination. Superoxide dismutase reaction solution 
contained 50 mmolL−1 sodium-potassium phosphate 
buffer (pH8.0), 300 μmolL−1 methionine,1.5 mmol·L−1 
NBT, 120 μ molL−M1 riboflavin,100 mmolL−1 
Na2EDTA,300 μ molL−1 potassium cyanide and 100 μL 
enzyme extract in a final assay volume of 1 mL. The 
riboflavin was added last. The reaction was started by 
illuminating the test tubes under 4 fluorescent lamps for 
10 min. The absorbance was measured using 
spectrophotometry at 560 nm. One unit of SOD activity 
was regarded as the amount of enzyme that inhibited 
50% of NBT photo-reduction versus a blank cell 
containing no enzymatic extract 

 
Superoxide Peroxidase (SP) 
The peroxidase activity was determined using 4-
methylcatechol as substrate. The increase in the 
absorption caused by oxidation of 4-methylcatechol by 
H2O2 was measured at 420 nm spectrophotometrically. 
The reaction mixture contained 100 mM sodium 
phosphate buffer (pH 7.0), 5 mM 4-methylcatechol, 5 mM 
H2O2 and 500 µL of crude extract in a total volume of 3.0 
mL at room temperature. One unit of enzyme activity was 
defined as 0.001 change in absorbance per min, under 
assay conditions. 
 
Glutathione S-Transferase 
Glutathione S-transferase (GST) activity was assayed 
with 1 mM 1-chloro-2,4-dinitrobenzene and 1 mM 
reduced GSH in 1 mL phosphate buffer (pH 6.5). The 
reaction was monitored and an increase in OD340 was 
measured. Also, activities on other substrates were 
assayed according to Hafez et al. (2020). 
 
Statistical Analysis  
A one-way analysis of variance (ANOVA) was performed 
using a statistical analysis system. The means were 
determined and separated using Duncan’s Multiple 
Range Test (DMRT) at p < 0.05.  
 
RESULTS 
Effects of inclusion of varying concentrations of glycine 
batanine (GB) on morphological characters of water-
stressed beniseed is presented in Figures1-2. Plant 
height and number of leaf length of the beniseed were 
influenced by inclusion of varying concentrations of GB 
from 2 through 8 weeks after treatment (WAT). Highest 
plant height (49.40cm) and number of leaf (27.0) were 
observed in beniseed treated with 100 mL of 4g/l GB 
compared with other treatments. 
 
Physiological indices such as leaf area, specific leaf area, 
and leaf area index on the leaves of beniseed were 
significantly modulated by varying concentrations of GB. 
Highest LA (231.93cm2), Leaf area index (0.62 m2m-2), 
and specific leaf area (57.98 m2kg-1) were observed in 
the leaves of beniseed treated with 100 ml of 4g/l GB 
followed by well-watered while least of the parameters 
were recorded in droughted. A similar observation was 
noticed in leaf area ratio (0.10 gm-2day-1), net assimilation 
rate (0.02 gm-2day-1) and relative growth rate (0.06gm-

2day-1) of well-watered (Table 1). Although all the 
treatments produced effects on the physiological 
attributes of the plant, however, 100 ml of 4g/L GB was 
more impactful on the improvement of the physiological 
attributes of the plant.  
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Figure 1: Effects of varying concentrations of glycine batanine on heights of beniseed 

Differences in lowercase letters on bars indicate significant differences among treatments at p<0.05 

 
Figure 2: Effects of varying concentrations of glycine batanine on number of leaf of beniseed. 

Differences in lowercase letters on bars in each week indicate significant differences among treatments at p<0.05 
 
The pigment and its types were significantly higher in the 
leaves of the; plant treated with 100ml of 3g/l GB. 
Highest chlorophyll a (3.38 μgcm2), chlorophyll b (3.81 
μgcm2) and total chlorophyll (7.20) were recorded in the 
leaves of the plant treated with 100ml of 3g/l GB, 
followed by 100 ml of 4g/l GB while least value of them 
was observed in the leaves of beniseed droughted (Table 
2). 
 
Moisture (91.07%), dry matter (91.07 %) and fat (2.74%) 
were significantly higher (p<0.05) in the leaves of 
beniseed treated with 100ml of 3 g/L GB. Similar 
significant increase was obtained in ash (3.55 %), crude 
fiber (3.51%), and crude protein (4.47%) in the leaves of 
the plant treated with 4g/LGB (Table 3). In addition, 
sodium (15.15 mg/100g), potassium (398mg/100g), 
calcium (124.89 mg/100g), magnesium (64.89mg/100g), 
phosphorous (98.88 mg/100g) and zinc (2.55 mg/100g) 

were higher(P<0.05) in the leaves of the plant treated 
with 100ml of 4g/l GB followed by well-watered while 
lowest of the parameters were noticed in the droughted 
(Table 4). 
 
In the same vein, Vitamin A (49.68 mg/100g), Vitamin B5 
(0.15 mg/100g), vitamin B6 (0.69 mg/100g) vitamin C 
(16.03 mg/100g) vitamin E (1.75 mg/100g) and vitamin K 
(62.92 mg/100g) were significantly higher in the leaves of 
the plants treated with 100 ml of 4g/l GB compared with 
other treatments (Table 5). The treatment produced 
significant effects on quantities and variations of the 
antioxidative enzymes in the leaves and roots of the 
vegetable. SOD (1.58 u/g), APX (1.18 u/g), CAT (1.58 
mg-1), GR (1.591 u/g), GST (14.07 mg-1) and SP (19.06 
u/ml) were recorded in the roots of beniseed droughted 
while higher proline (2.47 mm/l) was recorded in the roots 
of beniseed treated with 4 g/l GB (Table 6). 
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Table 1: Effects of varying concentrations of glycine batanine on the physiological parameters of beniseed 

GLYCINE (g/L) LA LAI (m2m-2) SLA (m2kg-1) NAR (gm-2day-1) LAR (gm-2day-1) RGR (mgg-1day-1) 

1 216.96±5.79c 0.61±0.10ab 54.24±13.94b 0.01±0.01a 0.08±0.04a 0.04±0.003a 

2 157.00±1.61d 0.34±0.07d 34.45±24.38cd 0.01±0.01a 0.06±0.01a 0.06±0.014a 

3 231.93±4.57a 0.56±0.14b 56.58±25.04b 0.01±0.01a 0.02±0.01a 0.05±0.007a 

4 226.33±1.15b 0.62±0.26a 57.98±10.14a 0.01±0.01a 0.05±0.008a 0.04±0.008a 

Well-Watered 137.83±9.53c 0.14±0.04c 39.25±4.65c 0.02±0.01a 0.10±0.03a 0.06±0.006a 

Droughted 130.86±3.38f 0.36±0.25d 32.71±7.59d 0.01±0.01a 0.06±0.01a 0.078±0.02a 

Means ± standard errors in columns with different superscripts are significantly different at p<0.05 using Duncans Multiple Range Test (DMRT). WAT= weeks of treatment, 
LA= Leaf area, SLA=Specific leaf area, LAI=Leaf area index, RGR= Relative growth rate, NAR=Net assimilation rate, LAR=Leaf area ratio 

 
Table 2: Effects of varying concentrations of glycine betanine on levels of chlorophyll contents in the leaves of water-stressed beniseed 

CHLOROPHYLL (μgcm2) 

GLYCINE (g/L) CHLOROPHYLL-a CHLOROPHYLL-b TOTAL CHLOROPHYLL 

1 2.98±0.00c 2.59±0.01c 5.58±0.01cd 

2 3.00±0.01bc 2.60±0.01c 5.61±0.01c 

3 3.38±0.03a 3.81±0.03a 7.20±0.06a 

4 3.08±0.03b 2.68±0.01b 5.77±0.04b 

Well-Watered 2.95±.01c 2.52±0.01d 5.48±0.01d 

Droughted 1.55±0.03d 1.16±0.01e 2.69±0.02e 

Means ± standard errors in columns with different superscripts are significantly different at p<0.05 using Duncans Multiple Range Test (DMRT). 
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Based on the findings of this study, 100 ml of 3-4g/L GB 
improved growth attributes and physiological parameters, 
chlorophyll and nutrition contents of beniseed therefore 
the use of the osmolytes is recommended for cultivation 
of the plants, especially during water deficit conditions.  
 
DISCUSSION  
Drought stress is one of the restrictive factors hindering 
sustainable production of agricultural products. It has a 
devastating influence on morphological and physiological 
activities as well as the production efficiency of plants 
(Guidi et al., 2013). Significant increase observed in 
height and number of leaf of beniseed treated with 100 
ml of 4g/L GB indicates that the application of the 
osmolyte can alleviate the negative effects of water 
stress on the morphology of beniseed (Oloyede et al., 
2021). Also, the substantial increase observed in 
biomass of beniseed modulated by exogenous 
application of GB may be attributed to the roles of the 
osmolytes in osmotic adjustment, enhancement of turgor 
pressure and water potential for water translocation and 
nutrient uptake and channelization of metabolites to 
improve the morphological characters of the plant (Yan et 
al., 2011). 
 
Higher leaf area recorded in the plant treated with 100 ml 
of 4g/l GB may suggest that the treatment enhanced the 
leaf surface area of the plant for light energy absorption 
and photosynthetic efficiency (Serapicos et al.,2022). 
This is consistent with the findings of Khodary and 
Moussa (2013) which posited that GB improved leaf area 
in sesame plants under water stress conditions. The 
significant effect the treatment exerted on the leaf area 
index may be proof of the contributions of the treatments 
toward the active photosynthetic area of the plant 
(Ahmed et al., 2019). High specific leaf area recorded in 
the plant under 100 ml of the treatments may indicate 
roles of the osmolyte in nutrients and dry mass indices 
formation in the leaves, a unit of biomass production, and 
as an estimation of nutrient balance for growth of the 
plant (Farooq et al., 2019). The leaf area ratio being 
significantly induced by the application of 100ml 4g/L GB 
could signify the modulation influence of the treatment on 
the photosynthetic capacity of the leaves of the plant. 
This observation informs that the treatment-modulated 
leaf area ratio of the plant could be a predictor of 
competitiveness, rate of resource acquisition, and level of 
mineralization of photosynthetic products (Gupta et al., 
2021). 
 
High chlorophyll a, chlorophyll b, and total chlorophyll 
recorded in the leaves of the plant treated with 100ml 3g/l 
GB may indicate that the treatment can be used to 
predict the health status of thylakoid and nutrition level, 
for the production of pigments and as a measure of 

photosynthetic capacity the plant. This submission is in 
agreement with the submissions of Dawood et al. (2014) 
and Tari et al., (2016) who opined that among different 
biochemical attributes, leaf chlorophyll is the most 
important attribute that reflects the health status of plants. 
However, the reduction observed in the pigments in 
beniseed droughted may denote a level of 
disorganization in thylakoid membranes, with more 
degradation than synthesis of chlorophyll via the 
formation of proteolytic enzymes such as chlorophyllase 
(Dawood et al., 2014, Jaleel et al., 2008; Mafakheri et al., 
2009). High chlorophyll contents determined in the plants 
treated with 100 ml of 3 and 4g/L GB may be precursors 
for the production of secondary metabolites such as 
proximate, minerals and vitamins as products of 
photosynthesis (Bratosin et al., 2021). Reverse was the 
case in droughted plants where lower chlorophyll 
recorded might have accounted for reduced 
photosynthates as the plant experienced a hydroactive 
situation (Bratosin et al., 2021). It has been reported that 
in plants, a rise in lack of water due to heat slows down 
chlorophyll production, photosynthesis, and nutrient 
channelization but when some coonhounds such as 
osmolyte are added the process is restarted 
 
Moreover, the treatment also significantly influenced the 
antioxidative enzymes in the leaves and roots of 
beniseed. High SOD, APX, CAT, GR, GST, and SP 
recorded in the roots of the droughted plant could 
indicate that although plants lose water through their 
leaves by stomata opening; however, during water 
stress, antioxidative enzymes are produced more in roots 
compared with leaves as means of regulating water 
exchange with the environment via root hair or lenticels. 
It may also signify the activation of defense mechanisms 
of roots of droughts against oxidative damage caused by 
water deficit. The GB may act as an antitranspirant by 
allowing plants to absorb more water for a long period to 
facilitate metabolic activities. These attributes may make 
the application of GB an economically feasible approach 
to counteract the adverse effects of environmental 
stresses on the production of S. indicum in unfavorable 
environmental conditions. This observation suggests that 
GB at 100 ml of 4g/L plays a role in osmotic adjustment 
against dehydration (Yan et al., 2011). 
 
CONCLUSION 
Based on the results of this study, 100 mL of 3-4g/L GB 
improved growth and physiological attributes as well as 
nutritional contents in glycine betanine-treated-beniseed 
while beniseed droughted followed by 4g/LGB enhanced 
production of antioxidants against water stress. The use 
of the osmolyte is recommended for the cultivation of the 
plants most especially during water deficit conditions.  
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Table 3: Effects of varying concentrations of glycine betanine on proximate contents in the leaves of water stressed beniseed 

GLYCINE 
(g/L) 

PROXIMATE (%) 
MOISTURE  DRY MATTER FAT  ASH 

CONTENT 
CRUDE 
FIBER  

CRUDE 
PROTEIN  

CARBON HYDRATE  

1 82.21±0.46c 8.00±0.51c 2.58±0.04abc 3.37±0.07b 3.29±0.07b 4.14±0.01bc 4.88±0.14a 
2 81.61±0.03cd 8.57±0.02bc 2.48±0.03bc 3.19±0.02c 3.41±0.02ab 4.31±0.13ab 5.03±0.02a 
3 91.07±0.39a 9.70±0.33a 2.74±0.04a 3.530±.04ab 3.07±0.02c 3.91±0.03c 5.33±0.58a 
4 80.82±0.02d 9.31±0.02ab 2.69±0.01ab 3.55±0.03a 3.51±0.01a 4.47±0.02a 5.34±0.05a 
Well-Watered 82.55±0.57bc 8.58±0.02bc 2.46±0.13c 3.40±0.01cb 3.37±0.01d 4.24±0.01ab 5.19±0.01a 
Droughted 83.54±0.62b 6.70±0.05d 0.77±0.02d 1.57±0.01d 1.49±0.01ab 2.43±0.02d 3.20±0.02b 

Means ± standard errors in columns with different superscripts are significantly different at p<0.05 using Duncan’s Multiple Range Test (DMRT). 
 

Table 4: Effects of varying concentrations of glycine betanine on levels of mineral contents in the leaves of water stressed beniseed 

MINERAL (mg/100g) 
GLYCINE (mg/L) SODIUM  POTASSIUM  CALCIUM  MAGNESIUM  PHOSPHOROUS ZINC 

1 12.41±0.06d 309.18±0.03e 106.01±0.03e 50.95±0.03d 78.87±0.03c 2.42±.03b 

2 13.18±0.03c 324.32±0.01d 114.29±0.00d 52.85±0.01c 81.27±0.03d 2.51±.03ab 

3 13.20±0.02c 353.65±0.02c 115.46±0.01c 53.05±0.01c 82.75±0.07c 2.54±.03a 

4 15.15±0.01a 398.88±0.06a 124.86±0.05a 64.89±0.29a 98.88±0.02a 2.55±.01a 

Well-Watered 13.62±0.02b 368.41±0.03b 116.19±0.10b 54.32±0.05b 84.23±0.33b 2.52±.01ab 
Droughted 12.03±0.04e 298.92±0.03f 101.51±0.04f 50.30±0.04e 79.54±0.03e 2.43±.03b 

Means ± standard errors in columns with different superscripts are significantly different at p<0.05 using Duncan’s Multiple Range Test (DMRT). 
 

Table 5: Effect of varying concentrations of glycine betanine on levels of vitamin contents in the leaves of water stressed beniseed 

VITAMINS (mg/100g) 

GLYCINE (g/l) Vitamin A Vitamin B3  Vitamin B5 Vitamin B6 Vitamin C Vitamin E Vitamin K 

1 175.25±0.03d 2.55±0.30ab 0.10±0.00bc 0.66±0.03b 14.00±0.01d 1.58±0.11b 60.05±0.06c 

2 78.68±0.39c 2.62±0.04a 0.10±0.01bc 0.65±0.00b 15.17±0.03c 1.59±0.00b 61.54±0.02b 

3 84.49±0.03b 2.64±0.03a 0.12±0.00b 0.64±0.01c 15.93±0.03b 1.69±0.09ab 61.71±0.01b 

4 49.68±0.31a 2.66±0.03a 0.15±0.99a 0.69±0.00a 16.03±0.05a 1.75±0.05a 62.92±0.02a 

Well-Watered 57.25±0.04e 2.49±0.04b 0.11±0.01ab 0.65±0.03c 13.24±0.03e 1.55±0.05c 58.48±0.04d 

Droughted 51.87±0.25f 2.27±0.02c 0.09±0.00c 0.60±0.03d 11.95±0.04f 1.47±0.07d 48.03±0.32e 

Means ± standard errors in columns with different superscripts are significantly different at; p<0.05 using Duncan’s Multiple Range Test (DMRT) 
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Table 6: Effects of varying concentrations of glycine betanine on levels of antioxidative enzymes in the leaves of water 
stressed beniseed 

 ANTIOXIDATIVE ENZYMES 
Glycine (g/l) SOD (u/g) APX(u/g) CAT (mg-1) GR(u/g) GST (mg-1) SP(u/ml) 

1 Leaf 0.93±0.02g 1.29±0.01f 1.09±0.01g 0.96±0.02gh 6.47±0.03j 14.28±0.05i 
2 Leaf 1.13±0.02e 1.36±0.00e 1.17±0.02f 1.19±0.00f 7.70±0.03i 17.11±0.02g 
3 Leaf 1.18±0.00de 1.43±0.02d 1.19±0.01ef 1.26±0.02e 8.07±0.03h 18.24±0.03f 
4 Leaf 1.23±0.02cd 1.45±0.00d 1.26±0.01d 1.29±0.00e 8.52±0.02f 20.04±0.04c 
Well-Watered Leaf 0.77±0.01h 0.98±0.00g 1.10±0.03g 0.93±0.03h 6.01±0.14k 8.08±0.00k 
Droughted Leaf 1.37±0.032b 1.66±.02b 1.42±0.03b 1.46±0.02b 9.94±0.10c 18.24±0.08f 
1 Root 1.06±0.008f 1.37±0.03d 1.28±0.00d 1.07±0.01h 8.33±0.00g 16.92±0.01h 
2 Root 1.21±0.033cd 1.44±0.00d 1.36±0.02c 1.26±0.01e 9.04±0.03e 18.45±0.02f 
3 Root 1.25±0.015c 1.52±0.020c 1.38±0.00bc 1.31±0.00d 9.51±0.02d 20.44±0.02b 
4 Root 1.37±0.01b 1.62±0.02b 1.39±0.02bc 1.36±0.01c 10.21±0.01b 21.91±0.01f 
Well-Watered Root 0.81±0.00h 1.01±0.00g 1.24±0.01d 1.00±0.00h 7.95±0.06h 10.11±0.02g 
Droughted Root 1.58±0.010a 1.81±0.02a 1.58±0.03a 1.59±0.01a 14.07±0.03a 19.06±1.00a 

Means ± standard errors in columns with different superscripts are significantly different at p<0.05 using Duncan’s Multiple 
Range Test (DMRT). CAT=catalase, SOD= Superoxide Dismutase, APX= Ascorbate Peroxide, GPX= Glutathione 
Peroxidase 
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