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Abstract 

The purpose of the present study was to investigate the effect of plant growth-promoting rhizobacteria 
(PGPR) on physiological and biochemical properties of maize (Zea mays L.) in different cultivation methods 
under water stress. The experiment was carried out as split-plot design including water stress (well-watered, 
mild stress, and severe stress) as main plot and also cultivation (transplanting and direct seeding) and PGPR 
application (uninoculated and inoculated with Pseudomonas putida) as subplots. Water stress decreased 
biological and kernel yield. In direct seeding and no Pseudomonas application, severe stress decreased the 
kernel yield by 37% compared to the well-watered condition. Water stress resulted in significant reduction 
of chlorophyll content. However, it was increased by Pseudomonas application. In transplanting plants, well-
watered and Pseudomonas application increased the chl. a+b by 41% in comparison with severe stress and 
no Pseudomonas application. Catalase (CAT) and superoxide dismutase (SOD) activities were gradually raised 
by increasing the water stress. In transplanted plants inoculated with Pseudomonas, severe stress decreased 
relative water content (RWC) by 23% compared to well-watered plants. In transplanted plants inoculated 
with Pseudomonas, severe stress increased Malondialdehyde (MAD) by 46% compared to well-watered 
plants. Total phenolic content (TPC) and total flavonoid content (TFC) increased by mild water stress and 
decreased by severe water stress. In directly seeded plants inoculated with Pseudomonas, mild water stress 
increased TPC by 11% compared to well-watered condition. Compared to well-watered treatment, 54% 
increases were observed in TFC by mild stress in transplanted plants treated with Pseudomonas. 
Transplanting and Pseudomonas was concluded to alleviate the adverse effects of water stress on 
physiological and biochemical traits of maize.    

Keywords: cultivation method; Pseudomonas application; relative water content; malondialdehyde; phenol 

Rezazadeh, S., M. ilkaee, F. Aghayari, F. Paknejad and M. Rezaee. 2019. 'The physiological and biochemical 
responses of directly seeded and transplanted maize (Zea mays L.) supplied with plant growth-promoting 
rhizobacteria (PGPR) under water stress'. Iranian Journal of Plant Physiology, 10 (1), 3009- 3021. 

________________________________________________________________________________

Introduction 

In natural environments, plants are 
exposed to both biotic and abiotic environmental 
stresses of pathogens, nutrient imbalance, 
extreme temperatures, salinity, and drought, 
which have adverse effects on plant growth and 
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productivity (Ruiz‐Lozano et al., 2016). Recently, 
adverse impacts of abiotic stresses like salinity and 
drought have been hazardously increased 
(Golldack et al., 2014). Also, this is exacerbated by 
global climate change worldwide (Trenberth et al., 
2014; Srivastava, 2017). Drought due to its 
significant limiting role on plant growth and yield 
is considered as the most important abiotic stress 
(Trenberth et al., 2014). Drought stress can alter 
plant characteristics physiologically and 
biochemically (Ruiz‐Lozano et al., 2016). Hence, 
most plant processes are directly or indirectly 
influenced by the water shortage (Barzana et al., 
2015). Plants use various mechanisms to cope 
with drought stress such as morphological 
acclimatization, osmotic adaptation, optimization 
of water resources, advancement of antioxidant 
system, improvement of root system, 
diminishment of growth and photosynthesis rate, 
all aimed to optimize water application (Farooq et 
al., 2009; Osakabe et al., 2014; Ruiz-Lozano et al., 
2016). Plants use intrinsic and extrinsic protective 
systems against environmental stresses. 
Extrinsically, they attempt to make a corporation 
with favorable microorganisms presented in the 
rhizosphere to quench the stress effects (Liu et al., 
2011). Plant growth-promoting rhizobacteria 
(PGPR) are important microorganisms for 
increasing the growth and yield of plants (Naiman 
et al., 2009). Pseudomonas strains have been 
specified as phosphorus solubilizers producing 
organic acids and phosphatases by facilitating the 
solubilization of phosphorus and other nutrients 
(Sharma et al., 2013).  

In agricultural systems, the common uses 
of plant material are based on seed or seedling. 
Transplanting or replanting is applied as an 
effective technique by moving a plant from one 
location to another. Transplanted plants are raised 
under greenhouse or nursery condition before 
they are replanted in another, usually outdoor, 
growing location (Lampayan et al., 2015). 
Transplanting conserved the plants from 
environmental concerns like pests and diseases in 
the susceptible stage of plant life, i.e., the initial 
stage of plant growth specially germination. The 
advantages and disadvantages of transplanting 
are not similar for all plant species. However, the 
transplant shock - the damage induced in the 
process - is the main issue for most cases. In this 

technique, plants need an acclimatization period, 
known as hardening off. The growth stage of 
transplanting and the environmental conditions 
such as the temperature, moisture, and 
rhizosphere conditions are the main factors in 
transplanting (Johnkutty et al., 2006; Lampayan et 
al., 2015).  

Recently, the climate changes and 
excessive use of chemical fertilizers have 
dramatically imposed the environmental issues 
and concerns in agricultural lands. However, the 
global perspective in producing the agricultural 
plants is based on the sustainable agricultural 
operations and proper management strategies 
such as bio-fertilizer application to alleviate 
environmental threats and increase the plant 
productivity. Previous studies have shown PGPR 
symbiosis alleviates the adverse effects of water 
stress, making the host plant more tolerant to 
stress (Gontia‐Mishra et al., 2016; Calvo-Polanco 
et al., 2016; Danish and Zafar-ul-Hye, 2019). On 
the other hand, transplanting is the cultivation 
method to improve the yield of crops. However, a 
few studies have shown the advantages of 
transplanting relative to direct seeding in different 
plants (Dong et al., 2005; Birnbaum et al., 2011) 
and there is no published work on transplanting 
and direct seeding of maize inoculated with 
Pseudomonas under water stress condition. 
Pseudomonas has positive effects on quality and 
quantity of the plants. Therefore, the purposes of 
the study were (I) to assess the simultaneous 
effects of water stress, Pseudomonas inoculation, 
and cultivation method (transplanting and direct 
seeding) on plant yield and photosynthesis, (II) to 
evaluate these effects on antioxidant activities, 
(III) to measure these effects on water content and 
lipid peroxidation, and (IV) to assess the effects on 
phenol and flavonoid content of maize.   

 
Material and methods 

Soil and climate of experimental site 

The present study was carried out in the 
research farm of University of Tehran (1312 m asl, 
35°48´45” N, 51°01´30” E), Karaj, Iran. At the 
beginning of the experiment, a compound of the 
surface (0-30 cm) soil samples was collected, air-

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/plant-growth-promoting-rhizobacteria
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pseudomonas
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/organic-acid
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/phosphatase
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/solubilization
https://en.wikipedia.org/wiki/Acclimatization
https://en.wikipedia.org/wiki/Cold_hardening
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/environmental-problem
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/agricultural-land
https://www.sciencedirect.com/topics/engineering/global-approach
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/agricultural-practice
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/agricultural-practice
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/management-method
https://www.sciencedirect.com/topics/engineering/hazard
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pseudomonas
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pseudomonas
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/pseudomonas
https://www.sciencedirect.com/topics/engineering/soil-sample
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dried, passed through a 2-mm sieve and the soil’s 
physical and chemical properties were measured 
(Table 1 ). During the study period mean maximum 
temperature fluctuated from 17.3 °C to 28.2 °C 
whereas mean minimum temperature varied from 
2.6 °C to 15.4 °C. The highest precipitation 
occurred in March (43.2 mm) and April (39.1 mm) 
(Fig. I).  
 

Experimental design and treatments 
 

The experiment was designed as split plot 
based on a randomized complete block design 
(RCBD) with three replications. Water stress was 
applied as the main plot at three levels as well-
watered (25% soil moisture depletion), moderate 
water stress (50% soil moisture depletion), and 
severe water stress (75% soil moisture depletion). 
Pseudomonas inoculation was used at two levels 
as inoculated with Pseudomonas putida and 
uninoculated. The cultivation method was 
selected at two levels namely, direct seeding and 
transplanting.  

Maize seeds (SC704) were purchased from 
Pakan-Bazar Company, Isfahan, Iran. The seeds 
were surface-sterilized in 10% (v/v) H2O2 for 
15 min, and they were subsequently washed with 
deionized water. Uniform seeds were cultured 

after germination on moist filter paper at 25 °C for 
36-48 h. Two different cultivation methods were 
used, namely (direct seeding and transplanting). 
For transplanting, the seeds were cultured in the 
greenhouse of University of Tehran, Karaj, using a 
culture media including coco peat and perlite (1:1) 
for 14 days. After that, the seedlings were 
transplanted in the open field (research farm of 
University of Tehran) on 25 may of 2018.   
 

Pseudomonas inoculum 

Luria Broth medium was used to culture 
Pseudomonas putida, and they were kept in a 
shaking incubator (150 rpm) for 24 h under 27 ± 1 
°C.  
 

Moisture treatments   

All plots were uniformly irrigated after 
transplanting. To adapt the plants to the new 
environment,  the second and third irrigations 
were applied according to 25% moisture 
depletion. The water stress treatments were 
exerted after the third irrigation according to the 
depletion of soil water. Irrigation regimes were 
used by the weighing method, through repeated 
soil sampling from the depth of root development 

Table 1 
 Physical and chemical properties of experimental field soil 
 

Depth texture EC 
(ds m-1) 

pH TNV 
(%) 

O.C 
(%) 

N 
(%) 

P 
(mg kg-1) 

K 
(mg kg-1) 

Fe 
(mg kg-1) 

Cu 
(mg kg-1) 

0-30 Loam  7.8 33 0.91 0.08  196   

 

 
Fig. I. The climate conditions of Karaj during 2018 (National Meteorological organization, Iran) 
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in the middle of experimental plots. Electric pump 
and tape were applied in the drip irrigation 
method. The crop water demand (Ig) was 
measured according to the following equation: 
 

𝐼𝑔 =
(ɵ𝑓𝑐 − ɵ𝑝𝑤𝑝) × 𝑡 × 𝜌 × 𝐷 × 𝐴100

𝐸𝑎
 

 
where θfc is the soil moisture content at field 
capacity, θpwp is the soil moisture content at 
wilting point, t is the soil moisture depletion 
content, ρ is the soil bulk density, D is the depth of 
root development, A is the plot area, and Ea is 
irrigation water efficiency, which was examined as 
an average of 90% (Tafteh and Sepaskhah, 2012). 
 

Pigment content assay       

Arnon (1949) method was used to 
measure chlorophyll a, chlorophyll b, and total 
chlorophyll contents. Two hundred (200) mg of 
fresh leaf sample was homogenized in 8 ml 
acetone (80%). Then, homogenates were 
centrifuged at 4 °C for 15 min (3000 rpm). 
Supernatants were used for analyzing pigments at 
645, 663, and 470 nm.  
 

Determination of leaf relative water content 
(RWC)  

Leaf discs were obtained from the 
expanded leaves of each plant in the morning. The 
leaf samples were immediately weighed to find 
the fresh weight (FW), and submerged in distilled 
water for 4 h at 4 °C in dark condition and then 
weighed to obtain turgor weight (TW). After that, 
the leaves were dried in a forced-air oven at 70 °C 
for 24 h and the dry weight (DW) was measured. 
The RWC of samples was calculated using the 
following equation (Khoyerdi et al., 2016):  

RWC = [(FW–DW)/(TW–DW)] × 100 

Malondialdehyde (MAD) concentration 

To perform MDA assay, 0.25 g of fresh 
leaves were ground separately in 5 ml of 1% 
trichloroacetic acid (TCA) and centrifuged for 
15 min (5000 rpm). A mixture was prepared by 
1 ml of the supernatant and 4 ml of 20% TCA 
(containing 0.5% thiobarbituric acid). It was 
heated at 90 °C for 40 min, then quickly cooled in 

an ice bath and the absorbance was read at 450, 
532, and 600 nm by a spectrophotometer. The 
MAD content was calculated using the following 
equation (Zhao et al., 1993): 
 
MDA(μmol g−1FW) = 6.45 (OD532 − OD600) – 0.56 

OD450 

 
Superoxide dismutase (SOD, EC 1.15.1.1) 
activity 

The activity of SOD was calculated as 
described by Beauchamp and Fridovich (1971). 
The reaction mixture consisted of  1.17 × 10−6 M 
riboflavin, 0.1 M methionine, 2 × 10−5 M KCN, and 
5.6 × 10−5 M nitroblue tetrazolium salt (NBT) 
dissolved in 3 ml of 0.05 M sodium phosphate 
buffer (pH 7.8). Three (3) ml of the reaction 
medium was added to 1 ml of enzyme extract. 
Illumination was started to initiate the reaction at 
30 °C for 1 h. Identical solutions that were kept 
under dark served as blanks and 560 nm was used 
to read the absorbance in the spectrophotometer 
against the blank. The activity of SOD was revealed 
in units (U mg−1 protein). One unit (U) is described 
as the change in the absorbance by 0.1 h−1 mg−1 
protein. 
 

Catalase (CAT, EC 1.11.1.6) activity 

The activity of CAT was assayed based on 
the method described by Chandlee and Scandalios 
(1948). Briefly, 0.5 g of leaf samples was 
homogenized in a pre-chilled pestle and mortar 
with 5 ml of ice-cold 50 mM sodium phosphate 
buffer (pH 7.5) containing 1 mM 
phenylmethylsulfonyl fluoride (PMSF). The 
solution was centrifuged at 4 °C for 20 min. at 
12,500 rpm. The supernatant was selected for 
enzyme assay. The mixture consisted of 2.5 ml of 
50 mM potassium phosphate buffer (pH 7.0), 
400 μl of 15 mM H2O2, and 40 μl of enzyme 
extract. The H2O2 decomposition was followed by 
the reduction in the absorbance at 240 nm and 
showed in U mg−1 protein.  
 

https://www.sciencedirect.com/topics/social-sciences/pumps
https://www.sciencedirect.com/topics/engineering/tape
https://www.sciencedirect.com/topics/social-sciences/crops
https://www.sciencedirect.com/topics/social-sciences/water-supply
https://www.sciencedirect.com/topics/social-sciences/equations
https://www.sciencedirect.com/topics/engineering/soil-moisture-content
https://www.sciencedirect.com/topics/engineering/soil-moisture-content
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/wilting
https://www.sciencedirect.com/topics/social-sciences/soil-moisture
https://www.sciencedirect.com/topics/engineering/bulk-density
https://www.sciencedirect.com/topics/engineering/plot-area
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/water-efficiency
https://www.sciencedirect.com/science/article/pii/S0301479718311745#bib42
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/turgor
https://www.sciencedirect.com/science/article/pii/S0304423815303010#bib0315
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Measurement of total phenolic content (TPC) 

TPC was spectrophotometrically 
determined using Folin–Ciocalteu reagent. One 
hundred (100) µl of the MeOH solution of the 
precisely measured samples of the investigated 
plant 1–10 (2.54, 2.58, 2.25, 4.03, 4.80, 2.13, 4.62, 
1.47, 1.58, 15.05 mg/mL respectively) were mixed 
with 0.75 mL of Folin–Ciocalteu reagent and 
allowed to stay at 22° C for 5 min. The mixture was 
enriched by 0.75 ml of NaHCO3 solution and kept 
at room temperature for 90 min. The absorbance 
was measured at 725 nm by a UV–vis 
spectrophotometer (Varian Cary 50), and its 
standard curve was calibrated by Gallic acid (0–
100 mg/L). The calibration curve revealed the 
linear regression at r>0.99, and the outcomes 
were showed as mg Gallic acid (GAE)/g DW.  
 

Measurement of total flavonoid content 
(TFC) 

Aluminum chloride method was applied 
to measure the TFC (Zhishenm, Mengcheng, and 
Jianming 1999). Briefly, 300 μL of NaNO2 (1:20 

w/v) were added to 0.5 mL of sample. The mixture 
was vortexed for 10 s and kept at 24 º C for 5 min. 
Subsequently, 2 mL of NaOH (1 M), 300 μL of AlCl3 
(1:10 w/v), and 2 mL of distilled water. The 
absorbance was determined at 510 nm by UV–vis 
spectrophotometer (Varian Cary 50). Quercetin 
concentrations ranging from 0 to 1200 μg/mL 
were prepared and linear fit was used for 
calibration of the standard curve.  
 

Statistical Analysis 

All data were analyzed statistically by 
analysis of variance using SAS version 9.3 (Cary, 
NC: SAS Institute Inc., 2011). The means were 
separated using the Duncan test at P< 0.05 level. 

Results  

Biological and kernel yield 

Biological yield was significantly 
influenced by water stress, cultivation method, 
and Pseudomonas application (P≤0.05, Table 2). 

Table 2 
The effect of Pseudomonas application on biological yield and chlorophyll characteristics of direct seeding and transplanting 
maize under water stress condition 
 

Irrigation 
regime 

Cultivation 
method 

Pseudomonas  Biological yield 
(ton/ha) 

Kernel yield 
(ton/ha) 

Chl.a+b 
(mg/g FW) 

Chl. a:b ratio 

Well-watered  Direct seeding - 12.37 ±0.35de 5.67±0.08b 1.08±0.03ab 2.37±0.11de 
  + 12.67±0.26cd 5.60±0.31b 1.10±0.02a 2.34±0.07de 
 Transplanting - 13.57±0.30ab 6.40±0.26a 1.03±0.01c 2.61±0.07b-d 
  + 14.10±0.32a 6.57±0.08a 1.11±0.02a 2.35±0.07de 
Mild stress  Direct seeding - 11.30±0.36f 5.57±0.17b 1.07±0.01ab 2.30±0.08e 
  + 11.83±0.15ef 5.53±0.14b 1.08±0.01ab 2.34±0.08de 
 Transplanting - 13.1±0.20ab 6.33±0.05a 1.05±0.01bc 2.51±0.10c-e 
  + 13.87±0.30a 6.70±0.12a 1.08±0.13ab 2.40±0.09de 
Severe stress  Direct seeding - 8.40±0.32h 3.57±0.09e 0.79±0.03f 3.04±0.20a 
  + 8.730±0.70h 3.70±0.05de 0.84±0.04e 2.70±0.03bc 
 Transplanting - 9.73±0.56g 4.03±0.09cd 0.78±0.03f 2.87±0.17ab 
  + 10.23±0.50g 4.17±0.16c 0.88±0.01d 2.63±0.12b-d 
Significance      
Ir ** ** ** ** 
CM ** ** ns ns 
Ps ** ns ** ** 
Ir*CM ns * ns ns 
Ir*Ps ns ns ** ns 
CM*Ps ns ns ** ns 
Ir*CM*Ps ns ns ns ns 

**, *, and ns show significant difference at 1%, 5%, and no significant difference, respectively.   
 
 

https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/analysis-of-variance
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Biological yield decreased by increasing the rate of 
water stress. Under severe stress condition and 
Pseudomonas application, a 17% increase of 
biological yield was observed in transplanted 
plants compared to directly seeded plants (Table 
2). Kernel yield was affected by water stress, 
cultivation method, and their interaction (P≤0.05, 
Table 2). In direct seeding and no Pseudomonas 
application, severe stress decreased the kernel 
yield by 37% in comparison with well-watered 
condition (Table 2). 
 

Chlorophyll contents  

The chl. a + b was significantly influenced 
by water stress, Pseudomonas application, and the 
interactions of water stress and Pseudomonas 
application, cultivation method and Pseudomonas 
application (P≤0.05, Table II). Chlorophyll content 
decreased over the increasing of water stress. 
However, it was increased by Pseudomonas 
application. In transplanted plants, well-watered 
and Pseudomonas application increased the chl. a 

+ b by 41% in comparison with severe stress and 
no Pseudomonas application (P≤0.05, Table 2). 
The ratio of chl. a: b under severe stress was 
higher than other irrigation regimes. Under severe 
stress and transplanting method, Pseudomonas 
application decreased ratio of chl. a: b by 9% 
compared to no Pseudomonas application (Table 
2).    
 

Catalase (CAT) and superoxide dismutase 
(SOD) activity 

 The CAT activity was affected by water 
stress, Pseudomonas application, and the 
interaction of water stress and Pseudomonas 
application (P≤0.05, Table 3). CAT activity was 
enhanced gradually by increasing water stress. In 
transplanted plants inoculated with 
Pseudomonas, severe water stress increased the 
CAT activity by 50% in comparison with well-
watered plants (Table 3).   
 

Table 3 
The effect of Pseudomonas application on antioxidant enzymes and phenol and flavonoid content of direct seeding and 
transplanting maize under water stress condition 
 

Irrigation  Cultivation 
method  

Pseudomona
s  

CAT  
(U/mg 
protein)  

SOD  
(U/ mg protein) 

TPC  
(mg GA /g DW) 

TFC  
(mg quercetin /g DW) 

Well-watered  Direct seeding - 0.47±0.017e 25.0±0.47bc 35.7±1.3bc 9.7±1.2c 
  + 0.49±0.008e 25.3±1.67bc 37.0±0.9b 10.0±0.95c 
 Transplanting - 0.47±0.016e 22.7±1.63c 33.3±1.6c 9.3±1.6c 
  + 0.48±0.020e 22.3±0.95c 26.0±1.7d 9.7±0.82c 
Mild stress  Direct seeding - 0.55±0.009d 31.0±1.24a-c 41.0±1.2a 14.0±1.7b 
  + 0.53±0.026d 28.3±0.85a-c 41.3±0.8a 14.7±1.6ab 
 Transplanting - 0.54±0.012d 30.7±0.81a-c 41.0±1.3a 15.0±1.3ab 
  + 0.52±0.016d 29.0±1.21a-c 43.3±0.9a 16.3±.81a 
Severe stress  Direct seeding - 0.78±0.012a 28.7±0.84a-c 35.7±1.4bc 10.7±0.47c 
  + 0.74±0.014bc 36.0±1.24ab 35.0±1.2bc 10.0±1.1c 
 Transplanting - 0.77±0.014ab 37.0±0.82a 35.3±0.8bc 10.7±1.2c 
  + 0.72±0.017c 36.3±0.92ab 36.0±1.4bc 11.3±0.78c 
Significance      
Ir ** ** ** ** 
CM ns ns ** * 

Ps * ns ns ns 

Ir*CM ns ns ** * 

Ir*Ps ** ns ** ns 

CM*Ps ns ns ns ns 

Ir*CM*Ps ns ns ** ns 

**, *, and ns show significant difference at 1%, 5%, and no significant difference, respectively.   
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Relative water content (RWC) and 
Malondialdehyde (MAD) concentration  

RWC was significantly decreased by water 
stress, but increased by Pseudomonas application. 
This was higher in transplanted plants compared 
to direct seeded ones. In transplanted plants 
inoculated with Pseudomonas, severe stress 
decreased RWC by 23% compared to well-watered 
plants (Fig. II). Water stress significantly decreased 
MAD, and Pseudomonas reduce the MAD 
accumulation. In transplanted plants inoculated 
with Pseudomonas, severe stress increased MAD 
by 46% compared to well-watered plants (Fig. III).  
 

Total phenolic content (TPC) and total 
flavonoid content (TFC)  

The effect of water stress, cultivation 
method, and mutual interactions of water stress 
and cultivation method, water stress and 
Pseudomonas application as well as the triple 

interaction of these factors were significant on 
TPC (P≤0.05, Table 3). TPC was gradually increased 
by mild water stress and decreased by severe 
water stress. In directly seeded plants supplied 
with Pseudomonas, mild water stress increased 
the TPC by 11% compared to well-watered 
treatment (Table 3). TFC was affected by water 
stress, cultivation method, and the interaction of 
water stress and cultivation method (P≤0.05, 
Table 3). Compared to well-watered treatment, 
mild stress improved the TFC by 54% in 
transplanted plants with no Pseudomonas 
application (Table 3).  
 

Discussion 

In arid and semiarid areas, plants are 
exposed to drought, the most serious problems 
influencing plant growth and development. 
Favorable effects of PGPR have been reported on 
plant yield under water stress (Sandhya et al., 
2010). Therefore, an understanding of symbiosis 

 
Fig. II. The effect of Pseudomonas application on relative water content (RWC) of direct seeding and transplanting maize under 
water stress condition 

 

 
Fig. III. The effect of Pseudomonas application on Malondialdehyde (MAD) content of direct seeding and transplanting maize 
under water stress condition 
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between plants and microorganisms is required to 
reach the optimum plant productivity. In our 
experiment, the role of P. putida under stress 
condition was more pronounced in comparison 
with well-watered condition for maize biomass. 
Under dry conditions, the rhizobia cterial 
population probably improved root system and 
soil microbial respiration, which affected the soil 
porosity. P. putida stimulates plant growth 
through improvement in nutrient uptake and 
water holding in root zone (Ghosh et al., 2018).  
Previous studies have shown that PGPR can adjust 
the adverse effect of water stress on growth and 
development of different plant species (Calvo-
Polanco et al., 2016; de Oliveira et al., 2018; 
Kaushal and Wani, 2018; Zaheer, 2019). 
Transplanting induced more plant yield relative to 
direct seeding. The date of maize cultivation in 
Iran, especially in semiarid areas, is late spring, 
enduring the environmental problems induced by 
increased temperature and lack of rainfall. 
Therefore, in this situation, the seedlings are more 
capable in connection with Pseudomonas and 
tolerate the adverse effects of harsh conditions 
(Sudahir et al., 2011).   

Water stress significantly limits 
photosynthesis rate through stomatal closure, 
which restricts CO2 uptake by leaves and prevents 
the water loss through transpiration resulting in 
the reduction in leaf turgor and/or water potential 
(Osakabe et al., 2014). Water stress restrains 
photochemical efficiency of photosystem PS II by 
reduction in electron transportation, omission of 
external proteins, and release of calcium and 
magnesium ions from their binding (Sourour et al., 
2017). Severe water stress decreases 
photosynthesis rate because of reduction in 
Rubisco activity (Osakabe et al., 2014). Previous 
studies documented that chlorophyll content is 
significantly reduced under water stress 
conditions (Zai et al., 2012; Lakra et al., 2015; 
Shivakrishna et al., 2018; Zhang et al., 2018). 
Water stress can alter the ratio of chlorophyll ‘a’ 
and ‘b’ and carotenoids (Farooq et al., 2009). 
Chlorophyll ‘a’ and ‘b’ are the main photosynthesis 
pigments in high plants and their ratio is important 
under stress and fertilizer treatment. We found 
that the reduction in chlorophyll a is more than 
that in chlorophyll b. in our study where 

Pseudomonas increased chlorophyll content 
under different irrigation regimes.  

Under stress conditions, bacteria in 
rhizosphere may enhance the plant resistance via 
various mechanisms such as improving the supply 
of nutrients, optimizing the synthesis of 
phytohormones IAA and ACC, and improving the 
antioxidant capacity (Timmusk et al., 2014). 
Typically, the oxidative damage is controlled by 
several enzymatic and non-enzymatic 
mechanisms. SOD as an essential component of 
the antioxidative defense system, converts 
superoxide radicals to H2O2 at a very quick rate 
and plays an important role in the protection of 
the cells against the toxic effect of oxygen species 
(Verma and Dubey, 2003). In transplanted plants 
which were also inoculated with Pseudomonas, 
severe water stress increased the SOD activity by 
63% compared to well-watered plants (Table 3). 
Increased SOD activity contributed to the 
enhancement in superoxide radical 
concentrations, which is because of the de-novo 
synthesis of enzymatic proteins (Verma and 
Dubey, 2003, Fatima and Ahmad, 2004). The SOD 
activity in plants inoculated with Pseudomonas 
revealed that Pseudomonas increased the plant 
capacity to produce more SOD. The next step in 
controlling the ROS antioxidative process is the 
CAT activity through catalyzing H2O2 and 
converting it into the water (Noctor and Foyer, 
1998). The enhancement of CAT activity is mainly 
related to the overproduction of hydrogen 
peroxide in stress conditions. In our study 
Pseudomonas application decreased antioxidant 
activity. There are different responses of 
antioxidant enzyme activity in plants inoculated 
with Pseudomonas under water stress. For 
example, Sandhya et al. (2010) found the lower 
antioxidant activity in plants under Pseudomonas 
application and water stress. In contrast, 
Rahimzadeh and Pirzad (2017) observed an 
increased activity of antioxidant activity.   

High RWC is a resistant strategy to water 
stress and is related to higher osmotic regulation 
or lower elasticity of tissue cell wall. In osmotic 
adjustment, we can observe the accumulation of 
solutes in response to water stress through 
maintaining turgor in tissues. Osmotic adjustment 
strongly depends on photosynthesis. When 
dehydration is towards severe stress, 

https://www.sciencedirect.com/science/article/pii/S0926669018302073#bib0235
https://www.sciencedirect.com/science/article/pii/S0147651314001134#bib70
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/inorganic-peroxide
https://www.sciencedirect.com/science/article/pii/S0147651314001134#bib68
https://www.sciencedirect.com/science/article/pii/S0147651314001134#bib68
https://www.sciencedirect.com/science/article/pii/S0147651314001134#bib68
https://www.sciencedirect.com/science/article/pii/S0147651314001134#bib22
https://www.sciencedirect.com/science/article/pii/S0147651314001134#bib49
https://www.sciencedirect.com/science/article/pii/S0147651314001134#bib49
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hydrogen-peroxide
https://www.sciencedirect.com/topics/earth-and-planetary-sciences/hydrogen-peroxide
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photosynthesis decreases, resulting in a smaller 
solute supply for osmotic adjustment. With 
continued water limitation, osmotic adjustment 
delays, but cannot completely prevent 
dehydration (Chen et al., 2019). Osmotic 
adjustment is not permanent and typically, plants 
rapidly respond to reduce water content. 
Osmoregulation and turgor maintenance allow 
the root to optimally absorb the soil moisture by 
plant root (Djemel et al., 2018t). The reduction of 
RWC in maize was found in different studies (Ye et 
al., 2016; Anjum et al., 2016; Chen et al., 2016; 
Djemel et al., 2018), but the transplanting and 
direct seeding in the presence of Pseudomonas 
used in our study helped us to get a better picture 
of the effect of PGPR and the cultivation method 
on maize. Transplanting due to its better condition 
in maize plants reached the higher RWC compared 
to direct seeding.   

Water stress may damage membranes 
and macromolecules by producing more ROS such 
as O2, H2O2, and OH-1 (Mittler 2002). In this study, 
there was no significant change in MAD content in 
plants inoculated with Pseudomonas. Gontia‐
Mishra et al. (2016) and Tiwari et al. (2016) 
observed a significant reduction of MAD content 
in PGPR-inoculated seedlings relative to control 
seedlings under water stress. MDA content, a 
product of lipid peroxidation, indicates the degree 
of oxidative membrane damage due to the stress 
(Gontia‐Mishra et al. 2016). Oxidation of 
unsaturated fatty acids by singlet oxygen produces 
distinctly different products, such as MAD.  

Phenolic compounds are reported to 
promote lignification indirectly in plants, which 
acts as a barrier to water loss and pathogen attack 
and improves plant growth (Gharbi et al., 2017; 
Grabber et al., 2019). In our study, mild stress got 
the highest TPC, which resulted in preventing the 
growth reduction of maize under drought after 
dual inoculation, which in turn lignified the cell 
wall and prevented water loss, being higher RWC 
in respect to severe stress. Similarly, two fold 
increases in TPC of E. prostrata was obtained after 
PGPR application under water stress compared to 
well-watered treatment (Sinha and Raghuwanshi, 
2016). Flavonoids as a main secondary product in 
plant have an eminent role in plant physiology (Ma 
et al., 2014). Flavonoids pathway was reported to 
respond to biotic and abiotic stress situations in 

Ligustrum vulgare (Guidi et al., 2008), 
S. baicalensis Georgi (Yuan et al., 2012), maize 
(Chiristie et al., 1994), and rice (Ithal and Reddy, 
2004). The increased TFC was reported in our 
study under drought stress, particularly in mild 
stress, which is similar to the results of Liu et al. 
(2013) and Yuan et al. (2012). This shows the 
protective role of flavonoids when plants are 
exposed to water stress. The protective role of 
flavonoids is because of their particular structure, 
e.g. hydroxyl group, double carbon bonds and 
modifications like glycosylation, prenylation, and 
methylation (Guidi et al., 2008). Flavonoids may 
fulfill their antioxidant role by preventing the 
generation of reactive oxygen species (ROS) and 
scavenging ROS once formed (Ohyama et al., 
2018).  
 

Conclusion 

The present study tried to show the 
advantages of transplanting in comparison to 
direct seeding of the maize plants inoculated with 
Pseudomonas under irrigation regimes. According 
to the findings, transplanting was better in 
increasing the growth and antioxidant capacity of 
maize relative to direct seeding strategy. In terms 
of irrigation regimes, severe stress induced a 
remarkable reduction in biological yield and kernel 
compared to mild and wild stress and well-
watered condition. Phenol and flavonoid contents 
as a main secondary product in plants were 
increased by mild stress and decease by severe 
stress. Finally, we can conclude that the 
simultaneous application of transplanting and 
Pseudomonas can alleviate the adverse effects of 
water stress on physiological and biochemical 
characteristics of maize.    
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