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Abstract: Cadmium (Cd) is one of the heavy metals that negatively affects the growth of plants. High
solubilization in water leads Cd to enter into plants quite easily, thus decreasing seed germination,
photosynthesis, and transpiration. It also shows an antagonistic effect with many of the plants’
nutrients like Mn, Ca, K, Mg and Fe. Nowadays, inoculation of plants with ACC deaminase (ACCD)
rhizobacteria to mitigate Cd’s adverse effects has drawn the attention of environmental microbiologists.
The rhizobacteria secrete organic compounds that can immobilize Cd in soil. Therefore, this study
was accomplished to investigate the effect of ACCD plant growth promoting rhizobacteria (PGPR)
on the bitter gourd under Cd stress. There were six treatments consisting of two ACCD PGPR
(Stenotrophomonas maltophilia and Agrobacterium fabrum) strains and inorganic fertilizers at two levels
of Cd, i.e., 2 (Cd2) and 5 mg kg‘1 soil (Cd5). The results showed A. fabrum with the recommended
NPK fertilizer (RNPKF) significantly increased the vine length (48 and 55%), fresh weight (24 and
22%), and contents of chlorophyll a (79 and 50%), chlorophyll b (30 and 33%) and total chlorophyll
(61 and 36%), over control at the two Cd levels i.e.,, Cd2 and Cd5, respectively. In conclusion,
the recommended NPK fertilizer + A. fabrum combination is a very effective treatment with which to
immobilize Cd in soil for the improvement of bitter gourd growth.
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1. Introduction

Bitter gourd (Momordica charantia) contains high amounts of vitamins, proteins,
and carbohydrates [1]. As a subtropical and tropical vine, it belongs to the family Cucurbitaceae.
Bitter gourd is widely cultivated as edible fruit in Africa, Asia and the Caribbean. Its many varieties
differ substantially in the shape and bitterness of the fruit. This tendril-bearing and herbaceous vine
grows up to 16 fts in length with alternate leaves 1.6—4.7 inches across, with 3 to 7 deeply separated
lobes. It bears yellow female and male flowers. In the Northern Hemisphere, flowering occurs during
June-July while fruiting occurs during September-November [2,3]. Bitter melon originated in India
and was introduced into China in the 14th century. It is the richest source of vitamin C and protein as
compared to tomato and cucumber. Out of the total area on which bitter gourd is cultivated in Pakistan
(6107 ha), its total production per year is 57,190 T [4]. Research output in recent years has shed light
on the multifarious health benefits of bitter gourd seeds, fruits, leaves, and other parts of the plant.
These effects encompass antidiabetic, antiobesity, antitumor, antifungal, anti-HIV, and antibacterial
activities. Most of the plant parts, especially the seeds, contain oil. Bitter gourd seed oil is rich in stearic
acid, oleic acid, and linoleic acid, and it exhibits antidiabetic and antitumor activities. In view of the
fact that bitter gourd is a common dietary component and its safety has been demonstrated, studies
on bitter melon essential oil are interesting and have promising commercial applications. However,
yield of bitter gourd is adversely affected when cultivated in heavy-metals-polluted soil [5].

High use of pesticides and industrial pollution has increased the concentration of heavy metals
tremendously. Wastewater of industries has a large amount of As, Cd, Cr, Ni and Pb, and is frequently
used as an irrigation source for crop cultivation [6]. The use of organic fertilizers also leads to the
risk of xenobiotic contamination [7-10], Besides which, anthropogenic activities have also enhanced
heavy metals contamination in cultivatable areas [6,11]. Cadmium (Cd) is toxic which affects the
growth and yield of crops [12,13]. Higher translocation of Cd in plants causes a significant decrease
in seed germination, root length, transpiration rate, photosynthetic rate, and plant height [14-16].
Also, deficiency of iron under Cd-induced stress causes chlorosis in plants [15,17,18]. It has been
observed that Cd also shows an antagonistic relationship with calcium, manganese, magnesium,
and potassium [19,20]. Furthermore, imbalance of water, alteration in membrane permeability,
and instability of lipid membrane in plants play an imperative role in the reduction of growth and
yield attributes in stress conditions [21-23].

Stress conditions stimulate the methionine to change into S-adenosyl-Met. Activation of enzyme
ACC synthase converts S-adenosyl-Met into ACC. This ACC is further catalyzed by ACC oxidase,
which converts it into stress-generating ethylene. Accumulation of stress ethylene in plants decreases
the length of the root while increasing its thickness. The thickness in roots due to stress-generating
ethylene is mainly characterized by the accumulation of dead cells in the cortex, which result in
lysigenous aerenchyma formation. However, poor roots and shoot lengths are characterized by
inhibition of cell division due to higher accumulation of ethylene in hypocotyls [24-26]. Higher reactive
oxygen species (ROS) due to Cd stress is a major drawback that disturbs the electron transport chain
in the chloroplast [27]. These ROS also damage the proteins, lipids, and nucleic acid—thus inducing
oxidative stress [28].

Inoculation of metals-tolerant plant growth promoting rhizobacteria (PGPR) is gaining importance
currently, to overcome the damaging effects of heavy metals [12,29]. Secretions of phytohormones
and growth regulators, i.e., siderophores, indole acetic acid, and gibberellins by certain PGPR
improve the uptake of nutrients, root length, chlorophyll contents [30-33]. Inoculation of ACC
deaminase (ACCD)-producing PGPR also decreases the stress ethylene by breaking it into ammonia
and a-ketobutyrate [12,24,34-38]. In addition, a decrease in the uptake of Cd due to PGPR is a key
benefit that is linked with better growth and chlorophyll contents improvement in the crops. Therefore,
the current study was conducted with the aim of investigating the effectiveness of ACCD PGPR i.e.,
A. fabrum and S. maltophilia with recommended inorganic fertilizer. It is hypothesized that A. fabrum
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and S. maltophilia with recommended inorganic fertilizer is an effective approach to improve the vine
and root length, fresh weight, and chlorophyll in bitter gourd under Cd toxicity.

2. Results

2.1. Vine Length

Results showed that treatments A. fabrum, recommended NPK fertilizer, and S. maltophilia
significantly (p < 0.05) affected the vine length (VL) of bitter gourd plants under Cd2 (2 mg cadmium
kg~! soil) and Cd5 (5 mg cadmium kg~! soil). Inoculation of PGPR and recommended NPK fertilizer
had significant interactive and main effects on VL at Cd2. Only the main effects (ME) of PGPR and the
recommended NPK fertilizer were significant for VL at Cd5 (Figure 1A). PGPR X recommended NPK
fertilizer did not differ significantly but was ordinal at Cd5 for vine length (Figure 1B). The treatments
recommended: NPK fertilizer + S. maltophilia; and recommended NPK fertilizer + A. fabrum were
significantly different from the control under Cd2 and Cd5. Statistically, similar responses were noted
among recommended NPK fertilizer and S. maltophilia for vine length, while recommended NPK
fertilizer was significantly better than the control for vine length at Cd2. Sole inoculation of A. fabrum
gave a significant positive response over the control for vine length at Cd5. However, the performance
of recommended NPK fertilizer + A. fabrum was better than that of A. fabrum for the improvement
in vine length at Cd2 and Cd5. Correlation of vine length was negatively significant (—0.7417) with
Cd2 and Cd5. Non-significantly positive correlation (0.2672) was noted between PGPR and vine
length. However, significantly positive (0.5345) correlation was recorded between vine length and
recommended NPK fertilizer (Figure 1C). There was a significant increase of 47.8 and 55.0% in vine
length with the recommended NPK fertilizer + A. fabrum from control at Cd2 and Cd5, respectively.
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Figure 1. Effect of rhizobacteria with and without recommended NPK fertilizer on vine length (VL)
of bitter gourd under Cd (A). Interaction graph of PGPR (NS1 = S. maltophilia, NS2 = A. fabrum),
recommended NPK fertilizer (RNPKF) and Cd levels for vine length (cm) (B). Pearson correlation
of vine length with different levels of Cd, ACC deaminase (ACCD) PGPR and recommended NPK
fertilizer where the y-axis represents the values of correlation (bars in the graph) and x-axis probability
(lines in the graph) (C). * = p < 0.05; ns = p > 0.05 non-significant.

2.2. Root Length

Inoculation of S. maltophilia, A. fabrum, and application of recommended NPK fertilizer under Cd
(Cd2 and Cd5) significantly (p < 0.05) affected the root length (RL) of bitter gourd plants. Application
of recommended NPK fertilizer has a significant ME of PGPR and recommended NPK fertilizer on RL
(at Cd2). In the case of Cd5, both interactive and main effects of PGPR and recommended NPK fertilizer
were significantly different for RL (Figure 2A). At Cd2, the interactive effect of PGPR X recommended
NPK fertilizer was ordinal, while PGPR X recommended NPK fertilizer was significantly ordinal
at Cd>5 for root length (Figure 2B). All the treatments remained statistically alike to each other for
root length at Cd2. Recommended NPK fertilizer + S. maltophilia; recommended NPK fertilizer +
A fabrum; recommended NPK fertilizer; S. maltophilia; and A. fabrum differed significantly for root length
compared to the control at Cd5 toxicity. Treatments with recommended NPK fertilizer + S. maltophilia;
recommended NPK fertilizer + A. fabrum; recommended NPK fertilizer; S. maltophilia; and A. fabrum
did not differ significantly from each other for root length at Cd5 toxicity. Correlation of root length was
negatively significant (—0.6053) at the different levels of Cd. Significantly positive (0.4061) correlation
was recorded between PGPR and root length as well as between root length and recommended NPK
fertilizer (0.3539) (Figure 2C). Treatment with recommended NPK fertilizer + A. fabrum plants showed
the highest increase of 136% in root length at Cd5.
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Figure 2. Effect of rhizobacteria with and without recommended NPK fertilizer on root length (RL)
of bitter gourd under Cd (A). Interaction graph of PGPR (NS1 = S. maltophilia, NS2 = A. fabrum),
RNPKF and Cd levels for root length (cm) (B). Pearson correlation of root length with different levels of
Cd, ACCD PGPR, and recommended NPK fertilizer where the y-axis represents the values of correlation
(bars in the graph) and x-axis probability (lines in the graph) (C). * =p <0.05; ns = p > 0.05 non-significant.
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2.3. Bitter Gourd Fresh Weight

Bitter gourd fresh weight (FW) was significantly (p < 0.05) affected by S. maltophilia, A. fabrum,
and recommended NPK fertilizer at Cd2 and Cd5. The main effect of PGPR and recommended NPK
fertilizer remained significant on the FW at Cd2 and Cd5 but they had non-significant interactions
(Figure 3A). Results showed that PGPR X recommended NPK fertilizer interaction was ordinal at
Cd2 (Figure 3B) but was disordinal at Cd5 for FW (Figure 3B). Application of recommended NPK
fertilizer + S. maltophilia, recommended NPK fertilizer + A. fabrum, and recommended NPK fertilizer
and A. fabrum were significantly better than control at Cd2 for FW. In the case of Cd5, recommended
NPK fertilizer + S. maltophilia and recommended NPK fertilizer + A. fabrum showed a significant
positive response over the control for the improvement in FW at Cd5. Correlation of fresh weight was
negatively significant (—0.6834) at the different levels of Cd. Significantly positive correlation (0.4259)
was recorded between PGPR and fresh weight as well as between fresh weight and recommended
NPK fertilizer (0.4686) (Figure 3C). Application of recommended NPK fertilizer + A. fabrum gave 24%
and 22% higher improvements in the FW compared to the control at Cd2 and Cd5, respectively.
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Figure 3. Effect of rhizobacteria with and without recommended NPK fertilizer on fresh weight (FW) of
bitter gourd under Cd (A). Interaction graph of PGPR (NS1 = S. maltophilia, NS2 = A. fabrum), RNPKF and
Cd levels for fresh weight (cm) (B). Pearson correlation of fresh weight with different levels of Cd, ACCD
PGPR, and recommended NPK fertilizer where the y-axis represents the values of correlation (bars in
the graph) and x-axis probability (lines in the graph) (C).* = p < 0.05; ns = p > 0.05 non-significant.

2.4. Chlorophyll a Content in Bitter Gourd

Under Cd2 and Cd5, rhizobacteria, i.e., A. fabrum, S. maltophilia, and recommended NPK fertilizer
showed a significantly (p < 0.05) positive influence on the bitter gourd chlorophyll a content (Chla).
Both interactive and main effects of PGPR and recommended NPK fertilizer were significant on Chla
content at Cd2 and Cd5 (Figure 4A). In specific, PGPR x recommended NPK fertilizer has a significant
ordinal interaction for Chla at Cd2 and Cd5 (Figure 4B). Treatments of recommended NPK fertilizer +
S. maltophilia; recommended NPK fertilizer + A. fabrum; recommended NPK fertilizer; S. maltophilia;
and A. fabrum responded positively at Cd2, so recommended NPK fertilizer is beneficial for Chla.
It was noted that recommended NPK fertilizer + S. maltophilia and recommended NPK fertilizer + A.
fabrum was significant for Chla at Cd5. Rhizobacteria i.e., S. maltophilia and A. fabrum sole inoculation
showed similar response towards Chla in bitter gourd at Cd5. Correlation of Chla was negatively
significant (—0.8387) at the different levels of Cd. Non-significant positive correlation (0.2483) was
noted between PGPR and Chla, while significant positive correlation (0.3633) was recorded between
Chla and recommended NPK fertilizer (Figure 4C). A significant increase of 78.5 and 50% in Chla was
noted in recommended NPK fertilizer + A. fabrum compared to the control at Cd2 and Cd5, respectively.

2.5. Chlorophyll b Content in Bitter Gourd

The effect of recommended NPK fertilizer and rhizobacteria (S. maltophilia, A. fabrum) remained
significant (p < 0.05) for the chlorophyll b content (Chlb) of bitter gourd under Cd2 and Cd5 (Figure 5A).
The main effect of PGPR and recommended NPK fertilizer was significant at Cd2 and Cd5 but a
significant ordinal interaction (PGPR x recommended NPXK fertilizer) was noted only at Cd2 (Figure 5B).
In addition, PGPR X recommended NPK fertilizer was non-significant but ordinal at Cd5 for Chlb.
Application of recommended NPK fertilizer + S. maltophilia and recommended NPK fertilizer +
A. fabrum showed similar responses towards Chlb at Cd5. Recommended NPK fertilizer + A. fabrum
gave a significant increase comparative to the control for Chlb at Cd2. Inoculation of S. maltophilia
and A. fabrum showed statistically alike effects for Chlb at Cd2 and Cd5. Correlation of Chlb was
negatively significant (—0.8959) at different levels of Cd. Non-significant positive (0.2344) correlation
was noted between PGPR and Chlb as well as between Chla and recommended NPK fertilizer (0.2663)
(Figure 5C). In response to recommended NPK fertilizer + A.fabrum, Chlb was 30 and 33% higher in
bitter gourd compared to the control at Cd2 and Cd5 respectively.
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Figure 4. Effect of rhizobacteria with and without recommended NPK fertilizer on chlorophyll a
(Chla) of bitter gourd under Cd (A). Interaction graph of PGPR (NS1 = S. maltophilia, NS2 = A. fabrum),
RNPKF and Cd levels for Chla (mg g~!) (B). Pearson correlation of Chla with different levels of Cd,
ACCD PGPR, and recommended NPK fertilizer where the y-axis represents the values of correlation
(bars in the graph) and x-axis probability (lines in the graph) (C). * = p <0.05; ns = p > 0.05 non-significant.
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Figure 5. Effect of rhizobacteria with and without recommended NPK fertilizer on chlorophyll b (Chlb)
of bitter gourd under Cd (A). Interaction graph of PGPR (NS1 = S. maltophilia, NS2 = A. Figure 1).
(B). Pearson correlation of Chlb with different levels of Cd, ACCD PGPR, and recommended NPK
fertilizer where the y-axis represents the values of correlation (bars in the graph) and x-axis probability
(lines in the graph) (C). * = p < 0.05; ns = p > 0.05 non-significant.
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2.6. Total Chlorophyll Content in Bitter Gourd

Treatments of S. maltophilia, A. fabrum, and recommended NPK fertilizer under Cd2 and Cd5
remained significant (p < 0.05) for the improvement in the total chlorophyll content (TChl) of bitter
gourd. PGPR and recommended NPK fertilizer main effects were significant for enhancement in TChl
at Cd2 and Cd5 (Figure 6A). Furthermore, interactions of PGPR and recommended NPK fertilizer
differed significantly and ordinal for TChl only at Cd2. Non-significant but ordinal interaction
(PGPR x recommended NPK fertilizer) was observed at Cd5 (Figure 6B) for TChl. Recommended NPK
fertilizer + S. maltophilia and recommended NPK fertilizer + A. fabrum caused significant enhancement
in TChl compared to the controls at Cd2 and Cd5. Results confirmed that recommended NPK fertilizer,
S. maltophilia, and A. fabrum differed significantly at Cd2 but induced no significant change over control
at Cd>5 toxicity for TChl. Among S. maltophilia and A. fabrum treatments, TChl remained the same at
Cd2 and Cd5. Inoculation of S. maltophilia and A. fabrum showed statistically alike effects for Chlb
at Cd2 and Cd5. Correlation of Chlb was negative significant (—0.8649) at the different levels of Cd.
Non-significant positive correlation (0.2480) was noted between PGPR and Chlb as well as between
Chla and recommended NPK fertilizer (0.3429) (Figure 6C). The highest increases of 61 and 36% in
TChl was observed in recommended NPK fertilizer + A. fabrum at Cd2 and Cd5 respectively.

2.7. Cadmium in Bitter Gourd

Cadmium concentration in bitter gourd (CdB) was affected significantly due to the application of
S. maltophilia, A. fabrum, and recommended NPK fertilizer under Cd2 and Cd5. The main effect of PGPR
was significant for CdB at Cd2 and Cd5 (Figure 7A). However, ordinal interaction was recorded between
recommended NPK fertilizer and PGPR at Cd2 and Cd5 (Figure 7B) for CdB. Both recommended
NPK fertilizer + A. fabrum, and A. fabrum were equally efficacious towards the reduction in bitter
gourd Cd at Cd5. However, it was noted that recommended NPK fertilizer + A. fabrum, and A. fabrum
showed a negative significant effect at Cd5 for CdB, as compared to control plants. Responses to all
the treatments were statistically similar for CdB at Cd2. Correlation of CdB was positively significant
(0.8473) at the different levels of Cd. Significant negative correlation (-0.4000) was noted between
PGPR and CdB, while a non-significant negative (—0.0147) correlation was recorded between CdB
and recommended NPK fertilizer (Figure 7C). A significant reduction of 50% in CdB was observed in
recommended NPK fertilizer + A. fabrum at Cd>5.

2.8. Cadmium in Soil

For cadmium concentration in soil (CdS), the responses of S. maltophilia, A. fabrum,
and recommended NPK fertilizer were significant (p < 0.05) (Figure 8A). Only PGPR has a significant
ME, while interaction (PGPR X recommended NPK fertilizer) was ordinal for CdS at Cd2 and Cd5
(Figure 8B). Recommended NPK fertilizer + A. fabrum, and A. fabrum remained statistically alike
each other for soil cadmium concentration at Cd5. However, positive responses of recommended
NPK fertilizer + A. fabrum, and A. fabrum were noted for CdS at Cd5 compared to control plants.
No significant fluctuation was observed in soil CdS among all the treatments at Cd2. Correlation of
CdS was positively significant (0.7721) at the different levels of Cd. A significant positive correlation
(0.4549) was noted between PGPR and CdS, while a non-significant positive (0.0151) correlation was
recorded between CdS and recommended NPK fertilizer (Figure 8C). However, the sole inoculation of
A. fabrum caused 75% increase in CdS over control plants at Cd5.
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Figure 6. Effect of rhizobacteria with and without recommended NPK fertilizer on total chlorophyll
(TChl) of bitter gourd under Cd (A). Interaction graph of PGPR (NS1 = S. maltophilia, NS2 = A. fabrum),
RNPKF and Cd levels for TChl (mg g_l) (B). Pearson correlation of TChl with different levels of Cd,
ACCDPGPR, and recommended NPK fertilizer where the y-axis represents the values of correlation (bars

in the graph) and x-axis probability (lines in the graph) (C). * = p < 0.05; ns = p > 0.05 non-significant.
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Figure 7. Effect of rhizobacteria with and without recommended NPK fertilizer on Cd in bitter gourd
(CdB) under Cd (A). Interaction graph of PGPR (NS1 = S. maltophilia, NS2 = A. fabrum), RNPKF, and Cd
levels for CdB (ug g_l) (B). Pearson correlation of CdB with different levels of Cd, ACCD PGPR,
and recommended NPK fertilizer where the y-axis represents the values of correlation (bars in the
graph) and x-axis probability (lines in the graph) (C). * = p < 0.05; ns = p > 0.05 non-significant.
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Figure 8. Effect of rhizobacteria with and without recommended NPK fertilizer on Cd in soil (CdS)
under Cd (A). Interaction graph of PGPR (NS1 = S. maltophilia, NS2 = A. fabrum), RNPKF, and Cd
levels for CdS (ug g’l) (B). Pearson correlation of CdS with different levels of Cd, ACCD PGPR,
and recommended NPK fertilizer where the y-axis represents the values of correlation (bars in the

graph) and x-axis probability (lines in the graph) (C). * = p < 0.05; ns = p > 0.05 non-significant.
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3. Discussion

In the current study, a significant decline in growth attributes was observed in the control.
It was noted that chlorophyll contents were also significantly low where no amendment was applied.
This reduction in growth was due to higher uptake of Cd in bitter gourd plants. Higher stress-generating
ethylene levels might be another reason for the significant decline in growth and chlorophyll contents
in bitter gourd. Sanita di Toppi and Gabbrielli [39] argued that Cd after a safe limit usually
disturbs nutrients’” homeostasis, which causes a decline in root and shoot length. According to
Glick et al. [40] generation of stress ethylene under stress induced negative impacts on crops’
productivity. Heavy metals cause abnormal division of cell and chromosomal aberration [41]
resulting in reduction of protochlorophyllide reductase activity, thus inducing chlorosis in leaves [42].
Matile et al. [43] argued that, under stress conditions, higher ethylene accumulation prompts
decomposition of lipids in the cell wall. Due to lipid degradation in plants, ethylene comes into
contact with the chlorophyllase (chlase) gene and activates it in the chloroplast. This chlorophyllase
(chlase) degrades chlorophyll, resulting in chlorosis and poor photosynthesis. Furthermore, treatments
with recommended NPK fertilizer + A. fabrum were significantly different from the sole application
of control with recommended NPK fertilizer. Chlorophyll contents and growth attributes of bitter
gourd were significantly improved through the addition of recommended NPK fertilizer + A. fabrum.
The improvement in morphological attributes was due to less uptake of Cd and its immobilization in
soil. In addition, less accumulation of ethylene by treatments with A. fabrum, and recommended NPK
fertilizer + A. fabrum activities might be allied factors for bitter gourd yield and growth. Both PGPR
can secrete ACC deaminase that cleaves ethylene. Findings of many scientists also support our above
argument [12,21,29,34,35,44-47]. According to Glick et al. [40] ACC deaminase breaks ethylene into
a-ketobutyrate and ammonia. This ammonia is utilized by PGPR as a source of nitrogen. Stress ethylene
in roots released in the rhizosphere where the concentration of ethylene is low, thus stress generation via
ethylene in plants is alleviated. It was also observed that root length was significantly high in A. fabrum
when applied in combination with fertilizer under cadmium stress. Similarly, vine length was also
improved where A. fabrum was inoculated in combination with inorganic fertilizer. The improvement
in length was due to the secretion of indole acetic acid by A. fabrum. Tripathi et al. [48] reported that
indole acetic acid production by PGPR is a major factor for the increase in root length [49]. Fuhrer [50]
argued that the activity of ACC deaminase played an imperative role in the enhancement of the root
growth. The improvement in the fresh weight of bitter gourd justified the efficacious functioning of
recommended NPK fertilizer + A. fabrum under Cd toxicity in the current experiment. According to
Danish and Zafar-ul-Hye [34], inoculation of PGPR increased the uptake of nutrients and water
in plants. The improvement in potassium [51] and water uptake played an efficacious role in the
enhancement of fresh weigh and yield of crops. Application of recommended NPK fertilizer + A.
fabrum significantly immobilized Cd in soil at low and high levels of Cd. Therefore, Cd concentration
was high in soils where A. fabrum and recommended NPK fertilizer are present. However, the low
concentration of Cd in the control indicates a significant intake of Cd in bitter gourd. A. fabrum [52]
and S. maltophilia [53] have the potential to produce siderophores which make stable complexes of
Cd in soil, thus immobilizing Cd in soil [54]. Deficiency of Fe due to its antagonistic relation with
Cd uptake in plants also caused chlorosis in leaves [15,19,20]. Improvement in chlorophyll contents
validated the lower uptake of Cd in the current experiment. Wu et al. [55] also suggested that peptides
are capable of binding metals and decreasing metal phyto-availability in soil. The mobilization of
nutrients is subjected to activation of root-proton efflux in the cortex of roots due to PGPR [56].
The findings of Belimov et al. [57] also supported the above argument of better nutrients uptake via
ACC deaminase PGPR. Ardakani et al. [58] reported a significant enhancement in rice yield when PGPR
i.e., Azospirillum lipoferum and Pseudomonas fluorescens were inoculated with fertilizer. The findings of
Danish et al. [21] also supported our results regarding the alleviation of heavy-metals stress by ACC
deaminase-producing rhizobacteria.
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4. Materials and Methods

4.1. Site of Experiment

The pot experiment was carried out in 2016 in the research area of the Department of Soil Science,
Bahauddin Zakariya University, Multan, Pakistan, on bitter gourd (Faisalabad long cv.) plants grown
in cadmium-contaminated soil. The soil was characterized as dark brown and saline with the JAKHAR
soil series [45]. The physiochemical property vary with land use [57-59] and are provided in Table 1.

Table 1. Characteristics of experimental soil.

Attributes Units Values
Sand % 40
Silt % 40
Clay % 20
Textural Class - Loam
Saturation Percentage % 40
pHs - 8.05
ECe dSm™! 5.15

Available Phosphorus ~ mg kg™! 7.62
Extractable Potassium  mg kg‘l 176

4.2. Collection of Bacterial Strains and Broth

The bacterial strains were taken from the Laboratory of Soil Microbiology Department of Soil
Science. PGPRs, i.e., S. maltophilia and A. fabrum were able to survive over 5.0 ppm Cd toxicity [12].
The PGPRs broth was kept over 25 °C for 48 h and uniform optical density was read using a
spectrophotometer. The characteristics of PGPR were (Table 2)

Table 2. Characteristics of plant growth-promoting rhizobacteria.

Characteristics A. fabrum S. maltophilia
P-Solubilization (ug/mL) 16.0 9.36
K-Solubilization (pg/mL) 25.04 12.35
TAA (with L-Tryptophan) (ug/mL) 50.20 21.83
IAA (without L-Tryptophan) (ug/mL) 2.01 1.09
ACCD activity (umol a-ketobutyrate nmol mg~! protein h™!) 340 145

4.3. Cadmium Toxicity and Plants Treatments

Analytical grade salt of cadmium chloride was used to introduce toxicity of Cd in soil [12].
There were two level of Cd. The 0.1% HgCl, were used for seeds sterilization. The seeds were placed in
the solution for 5 min [59]. 1 mL inoculum was used for seeds inoculation for attaching the bacteria to
seeds, and the sugar peat and clay were also used with a 1:2:6 ratio for 100 g seeds and then the seeds
were placed overnight. Four seeds were manually sown per pot. After germination, three seedlings
were maintained via thinning. On a weight basis, 65% field capacity was maintained throughout
the experiment. To fulfill the demand of the crops, nutrients were applied at the rate of 187 N, 75 P,
and 225 K (kg ha™1) by using urea, K;HPOy, and K;50y,.

There were six treatments with three replications following two factorials with completely
randomized design (CRD). The treatments included: control (without NPK and bacterial strains);
recommended NPK fertilizer (RNPKF); Stenotrophomonas maltophilia; Agrobacterium fabrum; RNPKF +
S. maltophilia; and recommended NPK fertilizer + A. fabrum. All the treatments were applied at two
levels of Cd, i.e., 2 and 5 mg kg~! soil (Cd2 and Cd5).
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4.4. Analysis of Morphological Attributes and Chlorophyll Contents

At the fruit maturity, harvesting was done. Morphological attributes were noted manually.
Fresh weight of fruit was measured using a weight balance. Vine and root length were recorded after
95 days of sowing.

4.5. Chlorophyll Contents

The chlorophyll a, chlorophyll b, and total chlorophyll contents were examined by following

Aron [57].
12.7 (OD 663) — 2.69 (OD 645)V

1000 (W)

22.9 (OD645) — 4.68 (OD 663)V
1000 (W)

V = final volume made; W = gram of fresh leaf sample, and f. wt. = fresh weight. Total chlorophyll
was calculated by the addition of chlorophyll a and chlorophyll b.

Chloropyll a (mg g ! f.wt.) =

Chloropyll a (mg g ! f.wt.) =

4.6. Cadmium Analyses

With the help of diacid mixture (nitric and perchloric acid in 2:1 ratio), the tissues of the plant
were digested. During the digestion, the temperature was gradually increased and maintained up to
280 °C [60]. After filtration, the sample was run on an atomic absorption spectrophotometer for the
analyses of Cd.

4.7. Statistical Analysis

One-way ANOVA was used to assess the effects of treatments. Two-factors ANOVA was
conducted separately to compare PGPR and RNPK interactions with Cd2 and Cd5 by using SPSS 18.0
statistical software (SPSS Inc. Released 2009. PASW Statistics for Windows, Version 18.0. Chicago, IL,
USA). Treatments comparison was computed at p < 0.05 by Tukey’s test using standards statistical
techniques [61].

5. Conclusions

In conclusion, ACC deaminase-producing rhizobacteria A. fabrum has a higher potential over
S. maltophilia to decrease the Cd uptake in bitter gourd. Less uptake of Cd in bitter gourd improved the
vine length, root length, and fresh weight attributes. The combined application of recommended NPK
fertilizer and A. fabrum can increase the growth and chlorophyll contents of bitter gourd plants grown
under Cd stress. Application of S. maltophilia was also efficacious in improving the growth traits of
bitter gourd under Cd stress. However, A. fabrum with recommended NPK fertilizer is suggested to
immobilize Cd in soil and to improve the bitter gourd yield in Cd-contaminated soils.
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