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Abstract The present study was conducted to assess the im-
pact of gibberellic acid on growth and yield of sunflower in
hexavalent chromium [Cr(VI)]-contaminated soil in the pres-
ence as well as absence of pressmud. Seeds of sunflower were
sown in potted soil amended with pressmud as an organic
amendment and contaminated with different levels of Cr(VI)
(12, 18, and 24 mg kg ") by using K,Cr,0; salt. Gibberellic
acid (10~* M) was applied at time of seedling emergence in the
rhizosphere. The results showed that Cr(VI) stress significant-
ly reduced the growth and yield of sunflower. However, ap-
plication of gibberellic acid and pressmud reversed the toxic
effects of Cr(VI) and improved the growth and yield of sun-
flower. Combined application of gibberellic acid and
pressmud further improved growth and yield compared to
their separate application in Cr(VI) stress. Moreover,
gibberellic acid and pressmud decreased the uptake of Cr
and stabilized it in the soil.

Keywords Phytohormones - Cr(VI) - Contamination -
Organic amendment

Introduction

Chromium (Cr) is one of the toxic metals widely used in
leather tanning, alloy preparation, electroplating, drilling
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mud, refractory steel, and catalytic manufacture (Ozdemir
et al. 2005). It exists in environment in various valence forms
(Cr_z, cr o, ot o o, o, o, and Cr+6), but
the most stable forms are Cr'® and Cr'>. Chromium toxicity to
life forms is highly dependent on its oxidation states, i.e.,
Cr(VI) is more soluble and toxic as compared to Cr(III) which
is less toxic and less soluble (Boonyapookana et al. 2002).
Extensive use of Cr compounds in metal plating, hide tanning,
wood preservation, and water treatment is continuously dete-
riorating the quality of environment (Nriagu 1988). According
to Agency for Toxic Substance and Disease Registry, Cr(VI)
is genotoxic and carcinogenic for humans (ATSDR 2000).
Besides its toxicity to humans, Cr(VI) also disturbs the soil
ecology and plant growth due to its toxic nature even at low
concentration (John et al. 2009). The phytotoxicity of Cr(VI)
hampers the plant growth by reducing seed germination, de-
creasing growth of root and shoot, and reducing total produc-
tion of dry matter (Andaleeb et al. 2008). This impaired
growth and development of plant might be due to disruption
of normal physiological processes, i.e., photosynthesis, water
relation, mineral nutrition, and enzymatic activity by Cr(VI)
(Shanker et al. 2005). Due to its highly oxidizing nature,
Cr(VI) crosses the plasma membrane and produces reactive
oxygen species such as hydroxyl radicals (OH "), superoxide
radicals (O, ), and hydrogen peroxide (H,O,) radicals which
oxidize protein, lipids, and nucleic acid (Shanker et al. 2005).
Growth of sunflower is also affected by toxicity of Cr(VI), due
to reduced net photosynthetic rate attributable to decreased
chlorophyll contents and impaired transpiration, which might
be due to decreased stomatal conductance which results in
reduced seed germination, seedling growth, root and shoot
length, and yield (Andaleeb et al. 2008). Metal stress alters
the normal balance of phytohormones and decreases the plant
growth (Gangwar et al. 2011a). Phytohormones (plant growth
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regulators) are low-molecular-weight compounds which act as
chemical messengers for regulation of normal plant physio-
logical processes and promote plant growth, enhance plant
resistance against biotic and abiotic stresses, and have the
ability to minimize the toxic effect of heavy metals on plants
(Halter et al. 2005). They are keys for plants to respond an
ever-changing environment and external stimuli and mediate
plant growth in their specific synergistic and/or antagonistic
cross-talk (Curaba et al. 2014). In response to abiotic stresses,
biosynthesis of abscisic acid (ABA) increases while the level
of cytokinin (CK) and gibberellins (GA) decreases (Peleg and
Blumwald 2011). However, exogenous application of phyto-
hormones can modulate the toxicity of Cr(VI) on plants most
probably by maintaining hormonal balance of plants under
metal stress (Rademacher 1990; Gangwar et al. 2011a, b).
Previously, auxins (AUX) and CKs have been reported for
their positive role in plant growth promotion under heavy
metal stress (Gangwar and Singh 2011; Gangwar et al.
2011a; Ali et al. 2013; Farooq et al. 2015). GAs are the
well-known physiological important phytohormones which
increase the height of plant, and fresh and dry weights of root,
shoot, and leaves in heavy metal stress (El-Shourbagy et al.
1990). Gibberellic acid (GA) improves the growth of plant in
Cr stress by improving the antioxidants levels and sustaining
the enzymatic activities for nitrogen assimilation thereby
counteracting the phytotoxic effects of Cr(VI) (Gangwar
et al. 2011b). Therefore, exogenous application of GA may
regulate the internal hormonal balance of plants in Cr stressed
conditions and could improve growth and yield of sunflower.
Moreover, organic amendments can also be effectively used
for reduction of higher valence Cr(VI) to immobile Cr(III)
forms and thereby decreasing its mobilizations (Bolan and
Duraisamy 2003; Eary and Rai 1991; Sharma and Forster
1993; Anderson et al. 1994; Kozuh et al. 2000; Bolan et al.
2003). Some organic amendments like sugarcane dregs com-
post, soybean meal, rice bran, biosolid compost, farm yard
manure, fish manure, horse manure, spent mushroom, pig
manure, and poultry manure have been reported for reduction
of Cr(VI) and subsequent immobilization of Cr in soil (Bolan
et al. 2003; Chiu et al. 2009). Organic amendments improve
the organic matter status of heavy metal contaminated soils
which buffers the soil pH and reduces the uptake of heavy
metals by plants (Park et al. 2011). These amendments pro-
vide carboxyl, phenoxyl, and hydroxyl groups, which play
important role in complexation and adsorption of heavy
metals and their activities in the soil (Lee et al. 2004;
Mahmood 2010). Pressmud (PrM) is a rich source of organic
matter which improves the growth and yield of plants and
reduces the uptake of heavy metals in plants (Sabir et al.
2013). However, if organic amendments are supplemented
with exogenously applied phytohormones like gibberellic ac-
id, growth of plant may be improved positively as compared
to their separate use under Cr(VI) contamination. Keeping in

view the possible role of GA and pressmud as an organic
amendment to improve the growth of plants in soil contami-
nated with Cr(VI) and subsequent stabilization of Cr in soil
due to its transformation from Cr(VI) to Cr(Ill), the present
study was conducted to evaluate separate and combined ef-
fects of GA and pressmud on growth and yield of sunflower in
Cr(VI)-contaminated soil.

Materials and methods

A pot experiment under ambient condition was conducted in
the wire house to evaluate the separate and combined effects
of GA and PrM on growth and yield of sunflower in a soil
contaminated with Cr(VI). The earthen pots lined with poly-
ethylene bags were filled with 10 kg of homogeneously
mixed, air-dried soil with sandy clay loam texture having
EC 1.41dSm™ !, pH 7.5, saturation percentage 37.5 %, organ-
ic matter 0.60 %, available phosphorous 7.30 mg kg ', and
extractable potassium 129 mg kg ' while Cr(VI) was not de-
tectable in that soil. Prior to filling pot, this soil was contam-
inated by using K,Cr,O5 as source of Cr(VI) and finally, three
levels of Cr(VI) were maintained that were 12, 18, and
24 mg kg '. The soil was allowed to equilibrate for 2 weeks
after contamination with Cr(VI). GA and PrM were applied
separately as well as in combination, and in order to segregate
the effect of Cr(VI) contamination, one control treatment was
maintained where neither contamination nor GA and PrM
were applied. PrM was added as an organic amendment at
the rate of 2.5 % organic matter on dry weight basis and mixed
thoroughly with soil. PrM used in experiment had different
physicochemical characteristics like organic matter 12 %,
pH 6.4, EC 3.1 dS m', total phosphorous 0.8 %, and total
potassium 0.9 %. Ten seeds of sunflower were sown in each
pot, and after 20 days of germination, the plants were thinned
to maintain three seedlings in each pot. GA was also applied at
the rate of 10 * M per pot at emergence stage in the roots of
plants. The plants were irrigated with tap water when required.
The experiment was conducted by following completely ran-
domized design (CRD) with three replications. Plants at phys-
iological maturity were harvested, and data regarding growth
and yield parameters were recorded. After harvesting, the plants
were separated into different parts, i.e., roots, stems, and
achenes. These samples of plant were oven-dried at 80 °C till
constant weight. These plant samples were ashed in muffle
furnace at 600 °C for 6 h. The ashed samples were dissolved
into a mixture of 2 M HCl and 1 M HNOj and filtered, and final
volume was made up to 50 mL. For determination of total
chromium, this filtrate was run on atomic absorption spectro-
photometer (Perkin Elmer AAnalyst 100, USA) and for Cr(VI)
determination, filtrate was treated with 1,5-diphenylcarbazide
as color developing agent. Purple color was obtained after
15 min due to formation of complex by Cr(VI) in the presence
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of 1,5-diphenylcarbazide. The absorbance was measured at
540 nm by using spectrophotometer (Nicolet Evolution 300,
Thermo Electron Corporation, England) (Gheju et al. 2009;
Khan et al. 2013; Magbool et al. 2014). Data was analyzed
statistically by using computer-based statistical software
Statistix-8.1 (Analytical Software, Tallahassee, USA). Means
were compared by applying Duncan’s new multiple range test
(DMRT) (Steel and Torrie 1984).

Results and discussion

Chromium (Cr) is widespread toxic metal in the environment
that can cause detrimental impacts on plants, animals,
humans, as well as agricultural soils. Chromium in the form
of Cr(VI) creates many nutritional and physiological disorders
in plants. The study showed that Cr(VI) hampered the growth
of sunflower and caused a significant decrease in length and
fresh and dry weights of shoot and root at various levels (12,
18, and 24 mg kg™ ") of Cr(VI) contamination as compared to
noncontaminated control. However, at 24 mg kg ' of Cr(VI)
contamination, more severity of Cr(VI) toxicity was observed
and sunflower growth was significantly decreased as com-
pared to Cr(VI) contamination of 12 and 18 mg kg '. The
length and fresh and dry weights of shoot and root were sig-
nificantly decreased up to 57, 57, 60, 63, 58, and 60 %, re-
spectively, in soil contaminated with 24 mg kg™' of Cr(VI) as
compared to control (where no Cr(VI), PrM and GA were
applied; Tables | and 2). Hexavalent chromium is known to

be phytotoxic due to high electronegativity which makes it
permeable to cellular membranes by the aid of essential ion
carriers such as sulfate (Kaszycki et al. 2005), leading to cel-
lular damage due to formation of various reactive intermedi-
ates which destroy cellular organelles, protein, and nucleic
acid (Kaszycki et al. 2005). Hexavalent chromium also affects
growth of plant indirectly because of impaired photosynthetic
apparatus and mitochondrial electron transport chain due to
oxidative damage by production of reactive oxygen species
(ROS) (Vernay et al. 2007; Pandey et al. 2009). Hindrance in
sunflower growth and development by Cr(VI) might be attrib-
uted to decreased stomatal conductance, chlorophyll contents,
photosynthetic activity, and transpiration rates (Andaleeb et al.
2008; Ali et al. 2011). Moreover, Cr(VI) interferes in uptake
and translocation of essential plant nutrients like P, Mn, Fe,
Cu, and Zn (Liu et al. 2008). Therefore, reduction in growth of
sunflower might be attributed to deficiency of these essential
nutrients (Khan et al. 2001). Hexavalent chromium induces
plasmolysis, affects leaf water potential badly, and thereby
hampers the growth of plant (Vernay et al. 2007). Decreased
root growth is much likely due to impairment in root function-
ing and physiology by Cr(VI) toxicity as reported by Terry
and Banuelos (2000). The reduction in growth and yield of
sunflower in a soil contaminated with Cr(VI) could possibly
be due to one or more abovementioned factors.

However, growth of sunflower was improved significantly
due to application of GA as well as PrM at all levels of con-
tamination. Moreover, the improvement in growth of sunflow-
er was more prominent by the combined use of GA and PrM at

Table 1  Effect of gibberellic acid (GA) and pressmud (PrM) alone as well as in combination on shoot attributes of sunflower at various levels of
Cr(VI) contamination
Treatments Shoot

Dry weight (g) Fresh weight (g) Length (cm)
Control 32.67+£0.88 a 88.33+£0.67 a 108.0+0.69 a
Cr(VI) (12 mg kg ™" 22.00+0.23 ¢ 55.67+1.20 f 70.80+0.69
Cr(VI) (18 mg kg ™" 16.33£033 g 4433+£0.33 h 54.40+0.40 i
Cr(VI) (24 mg kg ™" 13.00+0.57 h 37.67+1.86 i 46.80+2.50 j
Cr(VI) (12 mg kg ") + GA 27.33+0.38 ¢ 71.67+1.20 ¢ 86.80+2.11 ¢
Cr(VI) (18 mg kg™") + GA 23.67+0.24 d 59.00+0.58 ¢ 76.00£1.05 ¢
Cr(VI) 24 mg kg'") + GA 18.67+0.17 f 48.33+0.88 g 60.40+1.05 h
Cr(VI) (12 mg kg ") + PrtM 27.33+0.67 ¢ 72.00+0.58 ¢ 87.00+1.73 ¢
Cr(VI) (18 mg kg ") + PrtM 24.00+0.58 d 61.33+£0.17 ¢ 76.00+1.39 ¢
Cr(VI) (24 mg kg ") + PrtM 19.67+0.46 f 50.33+0.67 g 60.50+0.67 h
Cr(VD) (12 mg kg ') + GA + PrtM 31.00+£0.58 b 75.00+1.15b 92.00£1.05b
Cr(VI) (18 mg kg™") + GA + PrtM 27334017 ¢ 64.33£0.28 d 80.40+0.69 d
Cr(VID) (24 mg kg ') + GA + PtM 23.50+0.29 d 59.00+0.58 ¢ 65.60+0.40 g
LSD 1.47 2.46 3.71

Means sharing same letter(s) in each column do not differ significantly at p<0.05. Data are average of three replicates+standard error (SE)

@ Springer



Environ Sci Pollut Res (2015) 22:10610-10617

10613

Table2  Effect of gibberellic acid (GA) alone as well as in combination with pressmud (PrM) on root attributes of sunflower at various levels of Cr(VI)

contamination
Treatments Root

Dry weight (g) Fresh weight (g) Length (cm)
Control 10.00+0.00 a 17.67+0.33 a 40.00+0.64 a
Cr(VI) (12 mg kg ) 06.50+0.29 d 12.40+0.58 ef 23.00+1.04 de
Cr(VI) (18 mg kg ") 04.75+0.88 ef 09.33+0.33 h 19.00+0.17 £
Cr(VI) (24 mg kg ") 04.00+0.00 07.50+0.76 1 15.00+0.58 g
Cr(VI) (12 mg kg ') + GA 07.70+0.15 be 13.68+0.26 cd 26.90+1.10 ¢
Cr(VI) (18 mg kg™") + GA 06.67+0.33 cd 12.50+0.29 def 24.00+0.00 d
Cr(VI) 24 mg kg™) + GA 05.67+0.33 de 11.16+0.17 g 20.67+0.67 ef
Cr(VI) (12 mg kg™") + PrM 08.00+0.29 b 13.83+0.92 ¢ 27.00+0.35 ¢
Cr(VI) (18 mg kg™") + PrtM 06.67+0.60 cd 13.16+0.17 cde 24.10+0.49 d
Cr(VI) (24 mg kg ") + PtM 05.80+0.20 de 11.60+0.33 fg 21.00+1.15 ef
Cr(VD) (12 mg kg ') + GA + PrtM 08.83+0.17 ab 16.00+0.00 b 29.67+1.45b
Cr(VI) (18 mg kg ') + GA + PrtM 07.83+0.33 be 13.70+0.51 cd 27.00+1.11 ¢
Cr(VI) (24 mg kg ') + GA + PrtM 06.67+0.67 cd 12.50+0.29 def 25.0041.12 cd
LSD 01.19 01.23 02.56

Means sharing same letter(s) in each column do not differ significantly at p<0.05. Data are average of three replicates+standard error (SE)

all levels of contamination (12, 18, and 24 mg kg ") of Cr(VI)
as compared to their sole application. Sole application of GA
and PrM significantly improved the length and fresh and dry
weights of shoot and root of sunflower at all levels of contam-
ination (12, 18, and 24 mg kg ') of Cr(VI). Although the
effect of sole application of both GA and PrM was statistically
nonsignificant with each other for improving growth and yield
of sunflower at all levels (12, 18, and 24 mg kg ') of Cr(VI)
contamination (Tables 1 and 2). However, phytotoxicity of
Cr(VI) was further minimized due to combined application
of GA and PrM and significant improvement in growth of
sunflower was observed as compared to their sole use at all
levels of contamination. At 24 mg kg ' of Cr(VI) contamina-
tion, GA decreased the toxic effect of Cr(VI) and significantly
improved the length and fresh and dry weights of shoot and
root up to 29, 28, 44, 38, 49, and 42 %, respectively, at
24 mg kg ' of Cr(VI) contamination as compared to same
level of contamination alone. The results showed that appli-
cation of PrM also improved the length and fresh and dry
weights of shoot and root up to 29, 29, 51, 40, 55, and
45 %, respectively, at 24 mg kg ' of Cr(VI) contamination
at same level of Cr(VI) alone. No doubt, sole application of
GA as well as PrM significantly improved the growth of sun-
flower at 24 mg kg ™' of Cr(VI) contamination level but effect
of their combined application was more pronounced for im-
proving its growth. Combined application of GA and PrM
resulted in an increase in the length and fresh and dry weight
of shoot and root up to 40, 35, 81, 67, 67, and 67 %, respec-
tively, at 24 mg kg ™' of Cr(VI) contamination as compared to

plants grown at 24 mg kg~ of Cr(VI) alone (Tables 1 and 2).
Of course, combined application of GA and PrM significantly
enhanced the plant growth in all Cr(VI) contamination levels
but the stress recovery was always less than 100 %. The re-
sults regarding yield of sunflower in Cr(VI) contamination
presented in Fig. 1 clearly indicated that 12, 18, and
24 mg kg ' of Cr(VI) contamination had variable but signif-
icant negative effect on the yield of sunflower. Yield of sun-
flower was decreased significantly up to 27, 33, and 42 % at
12, 18, and 24 mg kg_1 of Cr(VI) contamination levels, re-
spectively, as compared to plant without metal stress. Howev-
er, application of GA minimized the growth hampering effect
of Cr(VI) and significantly increased yield up to 15, 17, and
12 % at 12, 18, and 24 mg kg ' of Cr(VI), respectively, as
compared to plants grown at contamination of 12, 18, and
24 mg kg ' alone, respectively. PrM application also signifi-
cantly increased the yield of sunflower up to 17, 20, and 13 %
at 12, 18, and 24 mg kg™' of Cr(VI) contamination, respec-
tively, as compared to plants grown at 12, 18, and 24 mg kg’
alone, respectively. Comparatively, the results of combined
application of GA and PrM were better as compared to sole
application of GA and PrM at all levels of Cr(VI) contamina-
tion. The combined application of GA and PrM increased the
yield up to 27, 33, and 23 % at 12, 18, and 24 mg kg ' of
Cr(VI) contamination, respectively, as compared to plants
grown at contamination of 12, 18, and 24 mg kg ' alone,
respectively.

The improvement in the growth and yield attributes of
plants in Cr(VI) contamination by GA application might be
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Fig. 1 Effect of gibberellic acid 24
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correlated with various functions of GA in plants as it in-
creases total protein content, total nitrogen content, nitrate
reductase activity, ammonium assimilation, glutathione reduc-
tase and dehydroascarbate activities. Glutathione reductase
and dehydroascarbate enhances glutathione and ascorbate
(Gangwar et al. 2011b). Glutathione and ascorbate are antiox-
idants that play important role in scavenging of reactive oxy-
gen species and prevent oxidative stress in plants (Noctor and
Foyer 1998). Moreover, GA increases root biomass, shoot
biomass, photosynthesis, water uptake, chlorophyll content,
nutrient uptake, and root length (Gangwar et al. 2011b). The
abiotic stresses cause perturbation in the normal hormonal
balance of plants (Igbal and Ashraf 2013), and most probably,
application of GA improved the hormonal balance of sunflow-
er in Cr(VI) contamination which ultimately might have been
resulted in improved growth and yield. Moreover, increase in
growth and yield of sunflower in Cr(VI) contamination due to
application of PrM might be result of decreased phytotoxic
effects of Cr(VI) because PrM is a rich source of OM which
provides the electrons for reduction of Cr(VI) into Cr(III) that
is less toxic and immobile in soil (Bolan et al. 2003; Hsu et al.
2009; Chiu et al. 2009). Furthermore, PrM also supplies nu-
trients that promote the growth of plants in stress conditions
(Sabir et al. 2013) and it is much likely that mineralization of
PrM might provide the additional nutrients, increase the nu-
trient cycling, and enhance the buffering capacity of soil
(Stewart et al. 2000; Clemente et al. 2007) and thus increase
the growth and yield of plant in Cr(VI) contamination. While,
better plant growth and yield due to combined use of GA and
PrM in Cr(VI) contamination might also be due to cumulative
effect of both GA and PrM. PrM might have increased the
efficiency of GA by minimizing the uptake of chromium,
increasing the nutrient and water uptake, thereby facilitating
the plants with better nutrition under stress condition (Sabir
et al. 2013; Singh et al. 2007).
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The results revealed that concentration of Cr(VI) and total
Cr in different tissues of sunflower were significantly in-
creased by increasing concentration of Cr(VI) in soil from
12 to 24 mg kg '. However, application of GA and PrM alone
as well as in their combination significantly decreased the total
Cr and Cr(VI) contents in root, shoot, and achenes of sunflow-
er at all Cr(VI) contamination levels. Maximum total Cr and
Cr(VI) contents in root, shoot, and achenes were recorded at
24 mg kg ' of Cr(VI) contamination level. GA significantly
decreased the Cr(VI) contents in root, shoot, and achene by
10, 17, and 93 % at 24 mg kg ' of Cr(VI) contamination level,
respectively, as compared to plants grown at same level of Cr
(VI) alone without any amendment. Application of PrM de-
creased the Cr(VI) contents up to 48, 42 and 47 % in root,
shoot and achene at 24 mg kg™ of Cr(VI) stress respectively,
as compared to 24 mg kg ' of Cr(VI) contamination alone.
However, combined application of GA and PrM was more
effective for decreasing Cr(VI) contents in all parts of plant
as compared to their separate use (Tables 3 and 4). Cr(VI) was
decreased up to 53, 55, and 53 % in root, shoot, and achene,
respectively, by combined application of GA and PrM at
24 mg kg ' of Cr(VI) contamination as compared to plants
grown at same level of contamination alone. As far as total Cr
is concerned, GA significantly decreased the total Cr contents
in root, shoot, and achene up to 17, 12, and 23 % at
24 mg kg ' of Cr(VI), respectively, as compared to same level
of contamination alone. PrM decreased the total Cr contents
up to 43, 40, and 47 % in root, shoot, and achene at
24 mg kg~ ' of Cr(VI) contamination as compared to
24 mg kg ' of Cr(VI) stress alone. However, combined use
of GA and PrM further decreased the total Cr contents in root,
shoot, and achene up to 54, 54, and 50 % at 24 mgkg ' Cr(VI)
as compared to plants grown at same level of contamination
alone. In our study, application of GA decreased the concen-
tration of total Cr and Cr (VI) in plant tissue, i.e., root, shoot,
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Table 3  Effect of gibberellic acid (GA) and pressmud (PrM) alone as well as in combination on Cr(VI) in root, shoot and achenes of sunflower at

various levels of Cr(VI) contamination

Treatments Cr(VD) (ng gf')

Root Shoot Achene
Control 00.37+0.015 1 00.17+0.00 j 00.08+0.00 i
Cr(VI) (12 mg kg™ 3530+0.36 ¢ 13.90+0.22 d 05.70+0.21 d
Cr(VI) (18 mg kg ") 52.504+0.108 ¢ 20.20+0.42 b 08.10+0.15 b
Cr(VI) (24 mg kg ") 70.10+0.31 a 24.80+0.15a 10.7940.15 a
Cr(VI) (12 mg kg ') + GA 28.40+1.09 f 09.00+0.33 £ 02.97+0.11 fg
Cr(VI) (18 mg kg™") + GA 47.10+1.77d 15.90+0.37 ¢ 04.90+0.14 ¢
Cr(VI) 24 mg kg™) + GA 63.00+2.02 b 20.40+0.29 b 07.00+0.10 ¢
Cr(VI) (12 mg kg™") + PrM 14.90+1.32 h 05.50+0.25 h 03.00+0.58 f
Cr(VI) (18 mg kg™") + PrtM 2333+1.16 g 10.80+0.77 ¢ 03.40+0.32 f
Cr(VI) (24 mg kg™") + PrtM 36.80+3.00 e 14.30+0.77 d 05.70+0.38 d
Cr(VD) (12 mg kg ') + GA + PrtM 11.67+1.37h 03.90+0.41 i 01.90+£0.074 h
Cr(VI) (18 mg kg ') + GA + PrtM 20.70+£1.08 g 07.70+0.40 g 02.45+0.28 gh
Cr(VI) (24 mg kg ') + GA + PrtM 33.00+2.58 ¢ 11.10+041 e 05.07+0.10 de
LSD 04.44 01.23 00.69

Means sharing same letter(s) in each column do not differ significantly at p<0.05. Data are average of three replicates+standard error (SE)

and achene. This decrease in uptake of Cr(VI) might be due to
involvement of GA in membrane transport processes, as GA
alters membrane permeability (Erdei et al. 1989). Therefore, it
might decrease the Cr(VI) uptake. GA also increases the bio-
mass of plants. Due to increase in biomass of plants, more
organic acids are released by plants. These organic acids form
complexes with Cr(VI) and make it unavailable to plants. It
might be possible that GA involved indirectly in enhancing

activity of rhizospheric microorganisms due more release of
root exudates which might ultimately result in conversion of
Cr(VI) to Cr(Ill) by microbial transformation (Khan et al.
2013). Decrease in concentration of chromium in root, shoot,
and achene of sunflower in chromium-contaminated soil by
application of PrM might be due to the formation of chelate
with chromium and reduction of the Cr(VI) into Cr(IIl) (Far-
rell et al. 2010; Sabir et al. 2013). PrM (organic matter)

Table 4  Effect of gibberellic acid (GA) and pressmud (PrM) alone as well as in combination on total chromium in root, shoot, and achenes of

sunflower at various levels of Cr(VI) contamination

Treatments Total Cr (ng g ")

Root Shoot Achene
Control 00.42+0.01 1 00.23+£0.01 h 00.10+0.005 f
Cr(VI) (12 mg kg ™" 40.90+£0.35 15.70+0.1 ¢ 06.30+0.06 ¢
Cr(VI) (18 mg kg ™" 60.08+0.15 ¢ 22.2+0.10 b 09.10+£0.10 b
Cr(VI) (24 mg kg ™" 82.25+0.10 a 27.30+0.10 a 11.30+£1.24 a
Cr(VI) (12 mg kg ") + GA 29.60+1.02 h 09.70+£0.42 ¢ 03.26+0.58 d
Cr(VI) (18 mg kg™") + GA 51.20+1.64 d 16.85+0.33 ¢ 05.60+0.22 ¢
Cr(VI) 24 mg kg'") + GA 68.00+£1.27b 23.90+0.30 b 08.70+£0.29 b
Cr(VI) (12 mg kg ") + PrtM 18.67+1.17j 06.60+£0.41 f 03.67+0.29d
Cr(VI) (18 mg kg ") + PrtM 29.75+1.75 h 12.00+1.04d 03.67+0.19d
Cr(VI) (24 mg kg ") + PrtM 47.25+£0.00 ¢ 16.33+1.55¢ 06.03+0.17 ¢
Cr(VD) (12 mg kg ') + GA + PrtM 13.70+0.58 k 04.25+0.52 g 01.9+043 ¢
Cr(VI) (18 mg kg™") + GA + PrtM 22.4+0.821 08.40+0.35 ¢ 2.62+0.22 de
Cr(VID) (24 mg kg ') + GA + PtM 37.62+151¢g 12.40+0.47d 05.60+0.10 ¢
LSD 02.93 01.74 01.08

Means sharing same letter(s) in each column do not differ significantly at p<0.05. Data are average of three replicates+standard error (SE)
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immobilizes chromium by the formation of chromium—organ-
ic matter complexes (Bolan and Duraisamy 2003). PrM also
plays a pivotal role, especially in the reduction of chromium
by providing a source of electron donor and carbon substrate
for microorganisms (Bolan et al. 2003; Hsu et al. 2009; Chiu
et al. 2009). More decrease in concentration of chromium in
root, shoot, and achene by combined application of GA and
PrM as compared to individual application of GA and PrM
might be due to synergistic effect of both (Sabir et al. 2013;
Gangwar et al. 2011b). This indicated that if GA is applied in
the presence of PrM, the efficiency of stabilization may be
increased.

Conclusions

It might be concluded from the study that contamination of
Cr(VI) negatively affected the growth and yield of sunflower.
However, sole application of GA and PrM reversed the toxic
effects of Cr(VI) stress and improved the growth and yield of
sunflower plants. Combined application of GA and PrM was
more effective to mitigate negative effect and improved more
growth and yield as compared to their individual application
in a Cr(VI)-contaminated soil. The study also revealed that
application of GA and PrM either separately or in combination
was unable to completely reverse the toxic effect of
contamination.
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