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1. Introduction
Abiotic stresses drastically affect crops by minimizing yield. 
Plants face many distinctive abiotic stresses at different 
stages of plant growth and development. Among these 
stresses, salinity is prejudicious, limiting plant growth 
and productivity. Salt stress causes various deleterious 
effects on morphological, physiological, biochemical, and 
nutritional attributes. The formation of reactive oxygen 
species (ROS) is the significant consequence of salt stress. 
The major ROS comprise hydroxyl (.OH), superoxide 
(O2

.–), and hydrogen peroxide (H2O2). The high ratios of 
ROS are responsible for lipid peroxidation (LPO) of tissues 
and cause deterioration of proteins, green pigments, and 
DNA (Schutzendubel and Polle, 2002). However, nature 
has equipped all vegetations with a defensive antioxidant 
system to counter the oxidative damage caused by ROS 
(Apel and Hirt, 2004). Plant growth under saline conditions 

is highly associated with its antioxidant activities, i.e. 
superoxide peroxidase (SOD), peroxidase (POD), catalase 
(CAT), ascorbate peroxidase (APX), guaiacol peroxidase 
(GPX), and glutathione reductase (GTR) activities. High 
antioxidant activities will inhibit LPO by eliminating the 
ROS.

Silicon (Si) is an excellent growth promoting agent. 
Silicon is reported to increase plant growth and stimulate 
productivity in various crop plants. Si application 
strengthened the plant biomass, height, and productivity 
under different stressed conditions (Ahmad et al., 2007). It 
also triggers growth by providing strength and extensibility 
to plant cells. It strengthens the endoderm of the mature 
basal cells and improves the extensibility of apical cells of 
the roots; thus Si contributes to a strong, extensive, and 
deep root system. However, it is also a vital element that has 
an excellent tolerance enhancing potential against abiotic 
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stresses, i.e. salinity, cold, drought, heavy metals, and 
disease (Mateos-Naranjo et al., 2013). It contributes highly 
in efficient water utilization of plants by improving the leaf 
water potential, transpirational rate, and photosynthesis 
under abiotic stressed conditions (Shen et al., 2010). It 
is also highly associated with osmotic adjustment and 
inhibition of ROS, because it accelerates the accumulation 
of various organic and inorganic osmolytes like proline 
and glycinebetaine (GB), and antioxidant activities in 
plants subjected to stressed environments (Ahmad and 
Haddad, 2011).

Plants are the natural source of various bioactive 
compounds and secondary metabolites like nitriles, 
flavonoids, alkaloids, and phenolic compounds that act 
as antifungal, insecticidal, herbicidal, and antioxidant 
agents (Ahmed et al., 2012). Melia azedarchta (MA) (L.) 
comprises various bioactives of agriculture use (Rao et al., 
2012). MA is a plant of high medicinal importance due 
to high antioxidant (Nahak and Sahu, 2010), insecticidal 
(Rachokarn et al., 2008), and antifungal properties (Neycee 
et al., 2012). Its extracts have been successfully applied 
against various fungal diseases, insect pests, and ROS 
in animals but no work has been done regarding its role 
against plant abiotic stresses. Similarly, sugar beet (Beta 
vulgaris L.) roots contain high amounts of sucrose and 
are enriched with various compounds like GB and ferulic 
acid (Abbas et al., 2010), which can improve agricultural 
production. GB is a naturally occurring amino acid, present 
in many microorganisms, plants, and animals (Zwart et 
al., 2003; Makela, 2004). Physiologically, GB is involved 
in osmoregulation and maintains the performance of 
photosystem II protein complexes by protecting regulatory 
extrinsic proteins against denaturation. It protects these 
macromolecules during abiotic stresses, thus attaining 
the name of osmoprotectants. Plants subjected to abiotic 
stresses like salinity and drought accumulate high GB 
contents in their chloroplasts, which is the indication of 
osmotic adjustment potential, and resultantly improved 
plant growth under stressed conditions. Synthetic pure 
GB has been extensively used to alleviate the drastic effects 
of abiotic stresses (Khan et al., 2012). However, there are 
few reports in which direct plant-extract-based (natural 
source) GB has been used. Likewise, ferulic acid present in 
sugar beet has high antioxidant action.

The phyto-extracts of various plant species including 
MA and sugar beet contain various nutrients and organic 
and inorganic compounds such as potassium, calcium, 
sulfur, magnesium, phosphorus, vitamins, and amino 
acids. Therefore, it is thought that phyto-extracts can give 
more efficient effects as compared to the synthetically 
manufactured chemicals. Generation of ROS is the main 
consequence of salt stress; therefore, in this study we 
evaluated the ameliorating role of Si in combination 

with MA and sugar beet extract against ROS. MA leaf-
extract (MAE) and sugar beet root-extract (SBE) have 
highly antioxidant and osmotic adjustment potential 
and so we hypothesized that exogenous application of 
Si in combination with phyto-extracts of MA leaves and 
sugar beet roots could effectively mitigate salinity-induced 
detrimental effects on growth and productivity of Pisum 
sativum by altering antioxidant activities. Thus, the two 
main objective of this investigation were to examine: (i) 
whether or not foliar application of three additives (Si, 
MAE, SBE) alone or in any combination with the other 
two additives could improve salinity tolerance ability of 
Pisum sativum, and (ii) whether exogenous application of 
phyto-extracts supplemented with a potential nutrient, Si, 
can better improve growth and the principal physiological 
mechanism associated with salt-tolerance than their 
application without Si supplementation.     

2. Materials and methods
The seeds of pea (Pisum sativum L. cv. Olympia) were 
obtained from the Vegetable Research Section, Ayyub 
Agriculture Research Institute, Faisalabad, Pakistan. 
Healthy and vigorous seeds of uniform size were disinfected 
with sodium hypochlorite solution, and rinsed five times 
with double distilled water. The sterilized seeds were sown 
in plastic pots having fine sand as growth medium. The 
sand had pH of 6.0–6.5, with field capacity 7.09%, and 
incipient wilting at 1.22% (volume basis). There were five 
pots in each replication (total 25 pots per treatment) and 12 
seeds were sown in each pot, but after the emergence of the 
first true leaves (15 days after germination), the number of 
plants per pot was adjusted to seven, by thinning out weak 
and less vigorous ones. Salinity treatments were applied at 
30 days after germination (DAG). The plants were supplied 
with half-strength Hoagland solution as nutritional 
source. Overall, approximately 400 mL of distilled water 
having Hoagland solution (30 mL per liter of distilled 
water) was applied to each pot on alternate days. Si, MA, 
SB, and ethanol extract were used in various combinations 
(Si, MA, SBE, Si + MA, Si + SBE, MA + SBE, Si + MA 
+ SBE) for foliar spray. First, an optimization experiment 
was carried out in plastic pots, and the best doses of Si, 
MA, and SB extract were identified on root length, shoot 
length, and plant fresh and dry biomass basis under saline 
conditions (data not shown). Potassium silicate (M. wt. = 
154.28) of Sigma-Aldrich, Japan, was used as Si source. 
The optimized doses of Si (150 mg L–1), MA (6.5 g L–1), 
and sugar beet (3.5 g L–1) were applied as foliar spray (each 
as alone, combination of two, and combination of three) at 
5 and 10 days after salinity induction. Regarding the NaCl 
(salinity) level, concentrations above 8 dS m–1 proved highly 
drastic at the true leaf-stage; therefore the concentration (6 
dS m–1) below the lethal level was used in the study. The 
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pots were placed in a growth room adjusted to 26/16 °C 
day/night, relative humidity 85%, light intensity 62,200 
lux from fluorescent tubes. Physiological and antioxidant 
aspects were evaluated 15 days after foliar spray, while 
morphological, plant biomass, and yield related attributes 
were measured at the end of the experiment (90 DAG).
2.1. Extraction 
Fresh mature leaves of MA were harvested from a 10-year-
old tree. The leaves were washed with distilled water and 
dried under shade. The dried leaves were powdered with 
an electric grinder (Moulinex, AR1044, Tokyo, Japan) 
and powdery material was extracted in ethanol through 
a Soxhlet apparatus (Sigma-Aldrich, Aldrich-Z556203, 
Tokyo, Japan) at 58 °C for 18 h. The ethanol extract thus 
obtained was kept in vacuum desiccators for complete 
separation of solvent, and to get extract in solid form. 
Similarly, pulp of locally procured sugar beet roots was 
prepared by an electric grinder (Moulinex, AR1044, 
Tokyo, Japan), and ethanol extract was taken by a Soxhlet 
apparatus.
2.2. Plant growth and yield attributes 
The plant growth and yield related attributes, i.e. plant 
fresh and dry biomass, leaf area, number of pods per plant, 
number of seeds per pod, and 1000 seed weight, were 
recorded at the end of the experiment (90 DAG). Leaf area 
was evaluated by using a leaf area meter (Ll-3100; LICOR, 
Inc., Lincoln, NE, USA). Two plants per pot were selected 
for leaf area measurement and nine leaves from the two 
plants (3 + 3 + 3 from the top, middle, and basal portions, 
respectively) were used. However, for the estimation of 
fresh plant biomass (root and shoot fresh weight), two 
plants per pot (excluding pods) were harvested, washed, 
dried with filter paper, and then cut into separate root and 
shoot portions. The fresh weight of roots and shoots was 
measured individually by a digital balance. After that, both 
roots and shoots were placed in an oven (Memmert-110, 
Schawabach, Germany) at 65 °C for 1 week to record the 
dry biomass. The remaining 15 plants per replication (three 
from each pot) were used to evaluate yield attributes.
2.3. Photosynthesis, chlorophyll, and gas exchange 
attributes
For the measurement of photosynthetic activity (Pn), 
stomatal conductance (gs), transpiration rate (E), 
and water use efficiency (WUE), three young, fully 
developed, and healthy leaves per plant (three plants 
from each pot) were selected and placed individually in 
the chamber of a portable Infrared Gas Analyzer (IRGA) 
(Analytical Development Company, Hoddesdon, UK). 
All measurements were taken at times between 1000 to 
1200 with the following conditions: molar air flow per 
unit leaf area 375.1 mmol m–2 s–1; atmospheric pressure 
95.2 kPa; water vapor pressure in the chamber ranging 
from 6.1 to 7.9 mbar; photosynthetic active radiation 

(PAR) at the leaf surface maximum 1587 µmol m–2 s–1; 
leaf temperature ranging from 26.3 to 29.4 °C; ambient 
temperature ranging from 20.9 to 25.7 °C; ambient CO2 
concentration 380 ppm. However, the numbers of stomata 
was counted by separating a very thin abaxial layer (2 
× 2 mm) from the lower epidermis of the leaf. This dry 
film was carefully separated, placed on a microscope slide 
under a coverslip, adjusted on the stage of a Nikon EFD-3 
microscope (F-601, Type-104, Tokyo, Japan) and observed 
at various magnifications. The numbers of stomata were 
counted under a magnification of 40 × 10 on the full 
screen. The lengths and widths of stomata were measured 
in microns (Moya et al., 2003). The chlorophyll contents 
were estimated by the protocol of Arnon (1949).
2.4. Lipid peroxidation, membrane stability index, 
electrolyte leakage, total phenolic content, and H2O2
LPO was estimated by measuring the concentration of 
malondialdehyde (MDA) and thiobarbituric acid (TBA) 
as described by Heath and Packer (1968). Total phenolics 
were determined by the protocol of Julkenen-Titto (1985). 
For the estimation of membrane stability index (MSI), 
plant material (leaf 250 mg per tube) was taken in test 
tubes filled with 10 cm3 of double distilled water. One set 
of these test tubes was heated at 40 °C for 30 min in a water 
bath, and the electrical conductivity (Ec) of the solution 
was recorded on a conductivity bridge (C1) (Yellow 
Springs, YSI-31, OH, USA). The second set of test tubes 
was heated at 100 °C on a boiling water bath for 10 min, 
and conductivity was measured on a conductivity bridge 
(C2). Finally, MSI was calculated by the formula

MSI =[1-(C1/C2)] × 100

The total inorganic ions leaked out in the leaves were 
estimated by the method of Sullivan and Ross (1979). 
Twenty leaf discs (four from each per pot) were put in a 
test tube containing boiling deionized water (10 mL) and 
electrical conductivity was measured (EcA). After that, the 
material was subjected to temperatures of 45 °C and 55 °C 
for 30 min each in a water bath and electrical conductivity 
(EcB) was recorded. The material within the test tubes 
was again boiled at 100 °C for 10 min and electrical 
conductivity was noted (EcC). The electrolyte leakage was 
measured by using the formula   

                                              EcB-EcA
Electrolyte leakage (%) =                     × 100
                                                   EcC

Estimation of H2O2 content was performed according 
to Liu et al. (2010). 
2.5. Antioxidant enzymatic activities
For estimating antioxidant enzyme activities, fresh leaves 
(0.5 g) were ground in an ice-cooled tissue grinder in 5 
mL of 50 mM cooled phosphate buffer (pH 7.8). The 
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homogeneous mixture was centrifuged at 15,000 × g for 
20 min at 4 °C. The supernatant was used to determine 
the activities of the following enzymes. SOD activity 
was analyzed by calculating its potential to hinder the 
photoreduction of nitrobluetetrazolium (NBT), as 
described by Giannopolitis and Ries (1977). CAT and 
POD activities were measured by the method of Chance 
and Maehly (1955) with some modification as follows. The 
CAT reaction solution (3 mL) was composed of 50 mM 
phosphate buffer (pH 7.0), 5.9 mM H2O2, and 0.1 mL of 
enzyme extract. Changes in the absorbance of the reaction 
solution at 240 nm were recorded every 20 s. One unit 
of CAT activity was defined as an absorbance change of 
0.01 units min–1. The POD reaction solution (3 mL) was 
composed of 50 mM phosphate buffer (pH 5.0), 20 mM 
guaiacol, 40 mM H2O2, and 0.1 mL of enzyme extract. 
Changes in the absorbance of the reaction solution at 470 
nm were recorded every 20 s. One unit of POD activity 
was defined as an absorbance change of 0.01 units per 
min. The activity of each enzyme was expressed on the 
basis of protein content. APX activity was estimated by the 
method of Nakano and Asada (1981). GPX activity was 
estimated by the method of Urbanek et al. (1991). GTR 
was measured by the procedure described by Smith et al. 
(1988). 
2.6. Determination of proline, glycinebetaine, Na, Cl, 
and Si 
The free proline contents of leaves were estimated by the 
method of Bates et al. (1973). The glycinebetaine content 
was determined by the method of Grieve and Grattan 
(1983). For the determination of sodium, the dried root and 
leaf samples were digested. Then these digested samples 
were diluted up to 50 mL in a volumetric flask and filtered. 
Sodium was determined from this filtrate by using a flame 
photometer (Jenway PFP-7, Tokyo, Japan). Chloride was 
calculated by adding the dried ground root/leaf samples 
in a test tube containing 10 mL of distilled water, and then 
incubated overnight at 25 °C. The test tubes were heated 
(80 °C) in a digestion block until the volume of water 
in them was half of the original volume. The test tubes 
were cooled and the volume was made up to 10 mL again 
by adding distilled water. Chloride concentration was 
measured from this water by chloride analyzer (Nelson-
Jameson-926, WI, USA). Si in root and leaf tissues was 
measured by the method of Dai et al. (2005).
2.7. Statistical analysis
The experiment was laid out in a completely randomized 
design (CRD) with five replications and there were five 
pots (7 plants per pot = 35 plants per replication) in each 
replication. In this way there were in total 175 (35 × 5) 
plants per treatment. The data were analyzed by standard 
statistical procedures as described by Gomez and Gomez 
(1984). Least significance difference (LSD) was used 

to evaluate the significance of differences between the 
treatments at P ≤ 0.05 (n = 5).

3. Results
Salt stress given through rooting medium significantly 
inhibited growth (plant fresh and dry biomass and leaf area) 
in pea plants (Figure 1). However, the foliar application 
of Si, MA leaf extract (MAE), and SBE individually or in 
various combinations with each other was very effective 
in elevating growth under saline conditions (Figure 1). 
Among all the treatments applied under saline conditions, 
the foliar application of MAE + SBE supplemented with 
Si showed an excellent response in mitigating deleterious 
effects of salinity by elevating the shoot fresh weight 
(95%), shoot dry weight (150%), root fresh weight (58%), 
root dry weight (118%), and leaf area (89%) with respect to 
the plants grown under saline conditions with foliar spray 
of distilled water (DW) (control). The combination of the 
three (Si + MAE + SBE) presented significant differences 
from that of the saline control (salinity + foliar spray 
with DW). However, in the case of root/shoot fresh and 
dry weights, the treatments, i.e. Si + MAE, Si + SBE and 
MAE + SBE, showed no significant variations, but showed 
variations regarding leaf area (Figure 1).

The gas exchange attributes, i.e. Pn, gs, E, WUE, and 
stomatal size, exhibited marked decreases in response to 
salt stress, compared to the nonsaline control (no salinity 
+ foliar spray DW) (Figure 2). However, the exogenous 
application of phyto-extracts (MAE and SBE) along with Si, 
when applied individually or in combination, neutralized 
the toxicity and caused a marked improvement in the 
above-mentioned gas exchange attributes, compared to 
the plants exposed to salinity stress that were not sprayed 
with any phyto-extract or Si (Figure 2). Of the various 
treatments applied to plants under salt-stressed conditions, 
the foliar spray with the mixture containing MAE, SBE, and 
Si proved to be highly effective by significantly mitigating 
the detrimental effects generated by salinity. The plants 
subjected to a saline environment that were sprayed with 
the combination of MAE + SBE + Si exhibited increases 
in Pn of 93%, gs of 96%, E of 114%, WUE of 55%, and 
stomatal size of 108% with respect to the stressed plants 
treated with only distilled water (control). According to the 
statistical analysis, all the treatments tested under NaCl-
stressed conditions significantly differed from the saline 
control (+NaCl and DW spray). However, in the case of 
WUE all treatments significantly differed from the control 
(–NaCl + DW), but did not show significant differences 
from each other. In this study, salt stress did not affect 
the number of stomata. Likewise, foliar application of the 
three additives also did not show any effect on the number 
of stomata (Figure 2).
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A decreasing trend of response was observed when 
chlorophyll contents, MSI, and total phenolics were 
investigated in plants under stressed medium (Figures 
3 and 4). However, the follow up treatment of the plants 
under salinity stress with Si/phyto-extracts elevated the 
chlorophyll contents, MSI, and total phenolic content more 
than those of the control (stressed plants with no Si or phyto-
extracts). The plants treated with the blend of Si + MAE + 
SBE or only plant extracts (MAE + SBE) exhibited a better 
response than those treated with individual solutions of Si, 
MAE, and SBE. The stressed plants sprayed with the blend 
of the three (Si + MAE + SBE) showed maximum stress 

alleviating effect by increasing the chlorophyll a (49%), 
chlorophyll b (61%), total chlorophyll content (52%), MSI 
(50%), and total phenolic (56%). However, LPO, EL, and 
H2O2 contents were enhanced when plants were exposed 
to root applied salt stress (Figure 4). The application of Si 
and plant extracts individually or in combinations lowered 
the levels of LPO, EL, and H2O2. However, the plants 
with foliar application of Si supplemented with MAE 
and SBE exhibited high effectiveness in ameliorating the 
NaCl-induced toxicity by lowering the values of LPO by 
184 %, EL by 59%, and H2O2 by 172% in comparison to 
those grown under NaCl stress but treated with DW only 
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(control). The spray of Si + MAE also induced a significant 
stress mitigating effect by elevating the chlorophyll a (46%), 
chlorophyll b (55%), total chlorophyll contents (48%), MSI 
(43%), and total phenolic content (52%) and lowering the 
LPO (133%), EL (82%), and H2O2 (117%) with respect to 
the DW-treated plants under saline conditions.

The level of different enzymatic activities, i.e. SOD, 
POD, CAT, APX, GPX, and GTR, showed an augmentation 
in response to salinity stress (Figure 5). All treatments 
applied under saline conditions overcame the NaCl 
toxicity by further accelerating the enzymatic activities of 
the above-mentioned enzymes but maximum acceleration 
was noted in the case of Si + MAE + SBE and Si + MAE. 
The exogenous application of these two mixtures (Si + 

MAE + SBE and Si + MAE) strengthened the stressed 
plants by increasing the SOD (by 45% and 41%), POD (by 
44% and 41%), CAT (by 53% and 49%), APX (by 30% and 
27%), GPX (by 41% and 38%), and GT (by 42% and 39%), 
respectively. 

Leaf proline and GB contents were increased under 
salinity stress (Table), but exogenous application of the 
three additives (Si, MAE, SBE) alone and in combinations 
markedly improved the leaf free proline and GB contents. 
The application of additives in combinations of two or 
three gave better results as compared to their individual 
applications. Maximum increases in proline and GB 
contents were recorded in plants treated with a mixture 
of Si + MAE + SBE with respect to the control (DW + S). 
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silicon, MAE: Melia azadarchta leaf extract, SBE: sugar beet root extract).
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Figure 3. Effect of phyto-extracts (MAE and SBE) and Si on chlorophyll contents of salt-stressed pea plants. Each value represents 
the mean of 5 replicates ± standard error (SE) of the mean. Letters represent mean separation comparison utilizing least significant 
difference (LSD) test (P ≥ 0.05) (Si: silicon, MAE: Melia azadarchta leaf extract, SBE: sugar beet root extract).
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Sodium and chloride concentrations in leaves and 
roots were enhanced in response to salt stress, but silicon 
concentration was decreased (Table). However, foliar spray 
of Si and the two phyto-extracts, applied individually or in 
combinations, limited the Na and Cl contents in leaves and 
roots, but improved the Si contents in both plant parts. The 
stressed plants foliar-applied with a blend of MAE and SBE 
supplemented with Si had low root/leaf Na and Cl contents, 
whereas plants sprayed with Si + MAE + SBE showed the 
highest improvement in root/leaf silicon contents.

Salt stress significantly reduced the number of seeds 
per pod and 1000 seed weight but did not affect the 
number of pods per plant (Figure 6). The application of 
Si, MAE, and SBE in various combinations enhanced 

the number of seeds per pod and 1000 seed weight in 
stressed plants. Among all the treatments applied under 
saline environment, Si + MAE + SBE and Si + MAE gave 
extraordinary results by markedly elevating the values for 
number of seeds per pod and 1000 seed weight. The spray 
of Si + MAE + SBE and Si + MAE increased number of 
seeds per pod by 47% and 44% and 1000 seed weight by 
58% and 52%, respectively.

4. Discussion
In the present investigation, salt stress significantly reduced 
growth (plant fresh weight, plant dry weight, and leaf area) 
and yield (number of seeds per pod and seed weight). 
These results are equivalent to what was reported earlier 
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Figure 5. Effect of phyto-extracts (MAE and SBE) and Si on antioxidant activities of salt-stressed pea 
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mean separation comparison utilizing least significant difference (LSD) test (P ≥ 0.05) (Si: silicon,
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for pea (Shahid et al., 2012, 2013). However, exogenous 
application of Si and phyto-extracts (MAE and SBE) had 
a marked effect in improving pea growth under saline 
conditions. Reports indicate that Si stimulates growth and 
productivity under stressed conditions (Mateos-Naranjo 
et al., 2013), whereas MAE and SBE extracts are rich in 
various growth promoting compounds such as flavonoids, 
steroids, tocopherols, proline, GB, and many phenolic 
compounds (Mack et al., 2007; Suresh et al., 2008; Sultana 
et al., 2013). Therefore, the elevation in growth and yield 
attributes in NaCl-stressed plants could have been due 

to the alleviating effect of Si to reduce Na and Cl toxicity 
by decreasing oxidative stress and those of the growth 
promoting compounds present in MAE and SBE.

A considerable decline in Pn was seen in salt-stressed 
plants in the present investigation. However, among all 
the treatments applied, foliar application of solution 
containing Si, MAE, and SBE significantly overcame the 
injurious effect of NaCl by improving the Pn, since in the 
current study plant biomass, number of seeds per pods, 
and seed weight of pea are positively associated with Pn, 
which shows that combined application of Si + MAE + 

Table. Effect of phyto-extracts of Melia azedarchta leaves and sugar beet roots supplemented with silicon on root/leaf sodium, chloride, 
silicon, leaf free proline, and leaf glycinebetaine contents of salt-stressed pea plants. Letters represent mean separation comparison 
utilizing least significant difference (LSD) test (P ≥ 0.05).

Treatments

Parameters

Sodium (Na)
(mg g–1 DW)

Chloride (Cl)
(mg g–1 DW)

Silicon (Si)
(mg g–1 DW) Free proline

(µmol g–1 FW)
Glycinebetaine
(µmol g–1 FW)

Root Leaf Root Leaf Root Leaf

DW (NS) 0.79f 0.55h 1.30g 1.06g 0.09d 0.12e 0.43g 1.54g

DW (S) 1.52a 1.31a 3.44a 2.98a 0.06e 0.07f 0.57f 1.72fg

Si (S) 1.36b 1.24ab 3.10b 2.39b 0.13cd 0.26b 0.95e 1.81ef

MAE (S) 1.31bc 1.13cd 2.13d 1.78d 0.10cd 0.11e 1.12d 1.99de

SBE (S) 1.28bcd 1.19bc 2.74c 1.98c 0.12cd 0.16d 1.08d 2.03de

Si + MAE 1.18d 0.93f 1.60f 1.30f 0.14c 0.11e 1.46b 3.07b

Si + SBE 1.22cd 1.02ef 1.80e 1.47e 0.20b 0.20c 1.31c 2.67c

Si + MAE + SBE 1.07e 0.79g 1.42g 1.19f 0.25a 0.32a 1.62a 3.49a

MAE + SBE 1.22cd 1.09de 1.90e 1.47e 0.13cd 0.13de 1.28c 2.20d

LSD at (P ≤ 0.05) 0.10 0.09 0.16 0.12 0.037 0.034 0.08 0.22

DW: distilled water, NS: nonsaline, S: saline, SBE: sugar beet root extract, MAE: Melia azedarach leaf extract

Figure 6. Effect of phyto-extracts (MAE and SBE) and Si on yield attributes of salt-stressed pea plants. Each value represents the mean of 
5 replicates ± standard error (SE) of the mean. Letters represent mean separation comparison utilizing least significant difference (LSD) 
test (P ≥ 0.05) (Si: silicon, MAE: Melia azadarchta leaf extract, SBE: sugar beet root extract).
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SBE increased growth and yield by accelerating Pn. Salt 
stress also markedly lowered the gs, E, and stomatal size, 
which is the reason for decreased Pn under salinity stress. 
The exogenous application of MAE + SBE supplemented 
with Si suppressed the deleterious effect of NaCl stress by 
enhancing gs and E. The elevations in gs and E due to spray 
of Si + MAE + SBE were found to be linked with improved 
stomatal size. Green pigments in the leaf play a significant 
role in photosynthetic activity, but salt stress causes 
substantial damage to chlorophyll contents (Shu et al., 
2013). In the present study, stressed plants also exhibited 
a marked decline in chlorophyll a, chlorophyll b, and total 
chlorophyll contents, but exogenous application of Si, 
MAE, and SBE, individually or in various combinations, 
reduced the chlorophyll degradation and supported the 
photosynthetic apparatus by promoting the chlorophyll 
contents. However, the stressed plants with spray of Si + 
MAE + SBE had maximum improvement in chlorophyll 
contents. The stressed plants with high chlorophyll 
contents also showed excellent growth, which shows a 
strong correlation between growth and green pigments 
in the current investigation. The same kind of correlation 
has also been reported by Ayumi et al. (2004). It has been 
found that maximum green pigments show maximum 
production of chemical energy and plant metabolism, 
which improves plant growth. This fact may also be the 
reason for improved Pn, growth, and yield in Si + MAE + 
SBE treated plants subjected to a saline environment. The 
findings of this study also indicate that plants with higher 
Pn had high growth and productivity, which proves the 
existence of a correlation between Pn and growth. Various 
reports indicate the presence of a positive correlation 
between Pn and growth (Iqbal et al., 2012). The literature 
also indicates that application of Si (Mateos-Naranjo et al., 
2013), proline (Kaur et al., 2011), and GB (Kanechi et al., 
2013) accelerated the photosynthetic activity by enhancing 
the chlorophyll contents. The findings of our study are in 
accordance with these reports. It is already mentioned that 
MA and SB extracts are enriched with various compounds 
including proline (Suresh et al., 2008) and GB (Mack et 
al., 2007). Therefore, in the present investigation, stressed 
plants receiving spray of Si + MAE + SBE showed high 
chlorophyll contents and Pn, which might have been due 
to the combined action of Si, proline, and glycinebetaine 
present in this blend. In addition, the plants treated with 
Si + MAE + SBE had an increment in WUE, which may 
also be attributed to regulation in Pn and E under a saline 
environment.

In the present study, salt stress significantly reduced 
the MSI and enhanced the EL, which is highly linked with 
LPO and H2O2

–, but foliar application of Si and phyto-
extracts strengthened the membranes by improving the 
MSI and lowering the EL. However, the plants treated 

with a blend of Si with MAE and SBE gave the maximum 
increase in MSI and a high decline in EL. 

To overcome the oxidative damage under stressed 
conditions, especially salinity stress, plants develop an 
antioxidant defense system comprising various antioxidant 
enzymes such as APX, GPX, CAT, SOD, and POD (Apel 
and Hirt, 2004). This antioxidant system maintains the 
ROS at a less toxic level within the cell by converting them 
into water and oxygen. In this study the stressed plants 
showed enhanced values of antioxidant enzymes (APX, 
GPX, GTR, POD, SOD, and CAT), but foliar application of 
Si supplemented with MAE + SBE further accelerated the 
activities of antioxidant enzymes. Enhanced antioxidant 
activities in response to spray of Si + MAE + SBE in NaCl-
stressed plants indicated that these plants are well adapted 
to the saline environment by eliminating the ROS. A 
strong relationship was established between antioxidant 
activities and growth in this investigation. 

Salinity causes an ionic and osmotic effect that results 
in oxidative damage, because reduced supply of CO2 
under stressed conditions results in carbon reduction in 
the Calvin cycle and ultimately a reduction in electron 
acceptor (NADP+) in photosynthesis. Extra reduction in 
ferrodoxin during electron transfer in Pn results in the 
generation of superoxide radicals due to the transfer of 
electrons to oxygen from PS-I by a mechanism referred 
to as the Mehler reaction (Hsu and Kao, 2003). It initiates 
a chain of reactions that produces ROS, which disturbs 
the metabolic processes within the cell by oxidative 
degradation of lipid, nucleic acids, and proteins (McCord, 
2000). These ROS also disintegrate the membranes by 
peroxidation of lipids and constituent of membranes (Jain 
et al., 2001). In this study salt stress enhanced the LPO 
but spray of Si or plant extracts markedly inhibited it. The 
plants treated with combinations such as Si + MAE, Si + 
SBE, MAE + SBE, and Si + MAE + SBE showed maximum 
inhibition as compared to the individual application of 
Si, MAE, and SBE. Among the four blends, the mixture 
containing Si along with MAE and SBE exhibited the 
maximum decline in LPO. A strong negative correlation 
was observed with the rate of LPO and salt tolerance. 
Our results regarding the LPO are in accordance with the 
findings reported by Azuma et al. (2010), who observed a 
significant enhancement in the LPO of salinized pepper 
plants. It is suggested that the conspicuous increase in MSI 
and decrease in LPO and EL in Si + MAE + SBE treated 
plants are due to acceleration in the antioxidant activities 
of SOD, POD, CAT, APX, GPX, GTR, proline, and GB, 
which detoxified the ROS. 

Under stressed conditions, plants suffer from osmotic 
stress; therefore they adopt a mechanism of osmotic 
adjustment by accumulating various osmolytes like proline, 
GB, and phenolic compounds. In the present study, plants 
sprayed with a mixture of Si + MAE + SBE exhibited better 
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growth and development, which could have been due to 
the efficient osmotic adjustment potential. It has already 
been discussed above that plant extract of MAE contained 
flavonoids, tocopherols, and phenolic compounds while 
SBE is enriched with GB. Similarly, Si itself has a role 
in osmotic adjustment but its mode of action is not yet 
elucidated. GB is mainly found in leaf chloroplasts and 
protects the thylakoid membranes from the drastic effect 
of salt stress by osmotic adjustment (Genard et al., 1991). 
Proline is another organic solute that mostly occurs 
in higher plants in higher ratios than amino acids. It 
promotes the deposition of useable nitrogen and enhances 
the membrane stability under salt stress. Therefore, it is 
suggested that a spray of a blend comprising three things, 
i.e. Si + MAE + SBE, indirectly provides proline and GB 
to the stressed plants, which might have fortified osmotic 
adjustment mechanisms and played a role in mitigating 

the drastic effects of salinity, by raising nutritional and 
moisture levels within plant tissues, resulting in better 
growth and productivity. 

It is concluded that growth melioration in response to 
exogenous application of Si + MAE + SBE was attributed to 
improved MSI, green pigments (chlorophyll a, chlorophyll 
b, and total chlorophyll contents), Pn, gs, E, WUE, stomatal 
size, and osmotic adjustment potential due to enhanced 
activities of antioxidant enzymes (SOD, POD, CAT, APX, 
GPX, and GTR) and osmolytes (proline and GB). Si and 
natural extracts of MA and sugar beet in the form of a 
blend were highly effective in improving some major 
physiological processes in pea plants exposed to saline 
conditions, and so it can be a cheap and easily manageable 
remedy to tackle the deleterious effects of salt stress, and 
can be used to enhance pea productivity in marginal saline 
areas with salty underground water. 
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