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Carrot is a vital supply of dietary fiber, vitamins, and carotenoids, and it is also rich in antioxidants and
minerals. Soil salinity significantly reduces the yield and quality of carrots. Mycorrhiza inoculum (AMF) is
known to improve morphological and biochemical traits of vegetables even under saline conditions. But
the role of AMF in combating soil salinity effect in carrot is not studied in detail. Therefore here, in the
first set, carrot seeds are inoculated with microbes in a pot experiment under polyhouse condition. In
total, we applied 7 treatments with different combinations of Mycorrhiza inoculum (Glomus mosseae
(Gm) and Gigaspora gigantea (Gg)) and phosphate solubilizing bacteria (Pseudomonas fluroscens (Pf)). In
pot experiment study the best two treatments were the combination of Gm + Pf + GG and Pf + GG. Both
of these treatments were selected for validation under the open field conditions. Primarily, there seems
to be a promising opportunity for AMF application to carrots under pot culture as well as under field trials
because of promising effect towards morphological parameters, especially root weight, and disparities in
nutrients and metabolites. Overall, our study highlights mycorrhizal fungi and other microbes’ efficacy in
achieving a successful carrot production under salinity stress.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Carrot (Daucus carota L.) is a native of Western Asia (Afghani-
stan), and botanically carrot is more a biennial herb which is exten-
sively cultivated as an annual vegetable. Carrot varieties are
classified as European/Temperate types and Asiatic/tropical types
based on their temperature requirements at the time for bolting.
Carrots generally grown are orange colored, but white and red col-
ors are also cultivated based on local preferences (Simon et al.,
2019). The leaf is compound, highly dissected but earlier it is
unbranched. The carrot storage root is an excellent supply of diet-
ary fiber, vitamins, and carotenoids, and it is also a rich source of
antioxidants and minerals (Stolarczyk and Janick, 2011). With ris-
ing consumer awareness for bioactive foods, carrots are becoming
very popular because of their plentiful benefits and nutritional
value to human health.

Carrots researchers are focused on growth, nutrient content, tis-
sue culture, breeding, and then carotenoid synthesis regulation in
the cultivated carrots. But abiotic stress such as salinity is one of
the most substantial challenges and a growing problem for agricul-
ture worldwide (Shrivastava and Kumar, 2015; Ahmad et al., 2019;
Ahanger et al., 2020). Salinity stress also disturbs the osmotic and
nutrient balance, stomatal and hydraulic conductance; therefore,
net photosynthetic efficiency (Füzy et al., 2019).

Mycorrhiza inoculum is known for improving morphological
and biochemical traits in vegetables, including carrots (Regvar
et al., 2003). Plants are usually colonized both by arbuscular myc-
orrhizal (AMF) fungi and with mycorrhization, both are benefitted
(Kiers and West, 2015). Moreover, in some cases, greater tolerance
to biotic and abiotic stresses has been confirmed as the result of
mycorrhizal inoculum (Malhi et al., 2021). AMF are identified to
have a substantial impact on host-plant physiology and biochem-
istry, along with secondary metabolites (Kaushik et al., 2020). Bac-
teria, particularly phosphate solubilizing bacteria (PSB),
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Pseudomonas fluorescens, is an essential bacterium in the rhizo-
sphere for optimum plant growth and development and also works
in coordination with the AMF. Therefore, AMF and PSB combina-
tion might ameliorate plant development and maybe a chemical
fertilizer ecofriendly alternate (Massa et al., 2020; Sbrana et al.,
2014). This symbioses can improve plant performance under sev-
eral biotic and abiotic stresses.

Under salt stress, plants suffer from Na+ toxicity (Ahmad et al.,
2017; Porcel et al., 2016). Over-accumulation of Na+, which corre-
sponds to deficiency of K+ in crops results in the damages of cellu-
lar organelles, disrupts osmotic potentials, and impairs
photosynthetic efficiency (Ahmad et al., 2010; Pozo et al., 2015).
In this respect, biological inoculations which can be eco-friendly
such as mycorrhizal applications can be an alternative to alleviate
salt stress. AM symbiosis helps the plant by favoring uptake of
nutrients and water and induces noteworthy changes in host traits,
such as increased root architecture, restoration of degraded land,
and especially in stress resistance (Liu et al., 2016). AMF coloniza-
tion improved biomass in Gossypium hirsutum, Elaeagnus angustifo-
lia and Chrysanthemum morifolium (Liu et al., 2016; Chang et al.,
2018; Wang et al., 2018). It has also been described that AMF
and PSB can trigger nonenzymatic defense systems and phytohor-
mones synthesis during salt stress (Ahmad et al., 2015a, 2015b;
Navarro et al., 2013). Porcel et al., 2016 established a relationship
between OsSOS1, OsHKT2, OsNHX3, etc. and salt stress, when roots
were subjected to mycorrhization. Additionally, these below-
ground microbes modify the unfavorable environment to stimulate
mineral cyclization and mineralized soil nutrients; especially P, N
and K content (Jacoby et al., 2017).

The very significant point to select useful soil microbes is that
they are not host-specific and can be readily (Sharma et al.,
2018). However, many efforts have been made to prove the utility
of microbes in hydroponic greenhouses. AMF and PSB combination
is now emerging and gaining popularity as they not only accelerate
mineral nutrition but also repel any pathogenic attack as well as
increase tolerance to abiotic stresses (Verbon and Liberman,
2016). Together this information can provide an elite microbial
inoculum that can lift the plant nutrition that could favour
crops-soil interface (Xia et al., 2015). Therefore, the present study
was carried out with a popular carrot variety to determine AMF
and PSB’s effect on the morpho-biochemical attributes of the carrot
cultivated under saline conditions.
Table 1
Treatment and inoculums of pot polyhouse experiment.

Treatment Microbial inoculation

C Control
T1 Glomus mosseae (Gm)
T2 Pseudomonas fluorescens (Pf)
T3 Gigaspora gigantea (GG)
T4 Gm + Pf
T5 Gm + GG
T6 Pf + GG
T7 Gm + Pf + GG (consortium)
2. Material and methods

2.1. Experimental design

The experiment was conducted over a period of two years
(2018–2019). In the first year/season (October 2018), a pot exper-
iment was performed in order to evaluate the best treatment for
carrot growth in a pot experiment under polyhouse condition.
After 80–90 days of sowing, plants in the pot experiment were sub-
jected to various morpho-physiological characterizations. Whereas
some plants were not harvested and left out for seed formation in
the next season (during February). Later, seeds were collected and
stored in fumigated glass jars that were sown in the next cropping
season (October 2019), in natural field conditions. The best two
treatments from the pot experiment were selected for testing
under open field conditions.

The pot experiment was conducted inside a polyhouse
(26 ± 4 �C and 56–60% relative humidity) situated at the Depart-
ment of Botany, Ranchi University coordinated at 23� 220 1800 N,
85� 190 2700 E, Ranchi Jharkhand, India. The variety used was ‘Hisar
Gairic’ and seeds were sown in the first week of October 2018 in a
randomized complete block design in 3 replications with 15 plants
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in each replication. A mixture of soil and sand in 3:1 was used for
cultivation, constituting of 71.8% sand, 23.5% silt, and 4.0% clay.
The soil’s chemical composition was 0.051% N, 0.026% P, 0.058%
organic carbon and a pH of 6.4 (Bandyopadhyay et al., 2012). Fur-
thermore, the soil sand mixture was filtered through a 2-mm sieve
and sterilized using autoclave at 121 �C to eradicate the previous
microbial strains present in the soil.

2.2. Microbial inoculum and salt treatment

Glomus mosseae inoculum with 80–86 percent colonization
(root parts) and 780–800 AM spores (w/w) was obtained from
the Department of Botany, Kurukshetra University Kurukshetra,
and Gigaspora gigantea inoculum with 75–79 percent colonization
(root parts) and 870–890 AM spores (w/w) was obtained from the
Forest Pathology Discipline, FRI, Dehradun. Each inoculum was
introduced at a rate of 100 g per pot, for a total of 50 + 50 g (G.
mosseae + G. gigantea) for dual and consortium treatments (Saini
et al., 2020a, 2020b). Pseudomonas fluorescens (ATCC-17400) was
obtained from the CSIR-Institute of Microbial Technology (CSIR-
IMtech) in Chandigarh, India. For its application, the roots were
soaked in the nutrient broth medium for 10 min (Saini et al.,
2020a, 2020b). The second application for P. fluorescens was also
provided by pouring broth media comprising a bacterial colony
over the roots. Table 1 demonstrates the treatments studied along
with their codes. One plot was left for control where no inoculation
and no salinity stress were given and similarly one plot was having
only those plants which had salt stress. The other two plots have
salt and microbial inoculation, as shown above in Table 2. Salt
stress was supplied to plants based on the method described ear-
lier by Bano et al. (2012). Briefly, 150 mM NaCl inhibits the plants
growth compared to 50 and 100 mM NaCl. So, based on this obser-
vation, salt stress of 15 mM NaCl was given after 10 days of germi-
nation and thereafter supplied at weekly intervals with Hoagland’s
nutrient solution (Velikova et al., 2000).

2.3. Plant characterization and data analysis

Plant characterization was performed after 80 days of sowing.
Root and shoot length of all the plants in replication were mea-
sured at maturity. The total chlorophyll and carotenoid content
were estimated to Arnon’s method (Arnon, 1949). Arbuscular myc-
orrhizal fungi (AMF) and AM root colonization (%) were deter-
mined based on the methods defined elsewhere (Phillips and
Hayman, 1970; Giovannetti and Mosse, 1980). Some pots were
intentionally remained undisturbed so that they develop seeds,
and that were collected for the next round of experimentation
under open field conditions.

2.4. Field experiment layout

Our second level of the experiment was performed under open
field conditions, where seeds were collected in February 2019 from



Table 2
Treatment and inoculums of under open field conditions.

Treatment Microbial inoculation

C Control (No inoculum; no salt)
S Control (Salt concentration only)
SPG Salt + Pf + GGy
SGPG Salt + Gm + Pf + GG

yGm – Glomus mosseae, Pf – Pseudomonas fluorescens, GG – Gigaspora gigantea.
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previous experimented carrot pot plants and sown in early October
2019. At first, a field of 2.5 � 2.5 m was ploughed thoroughly and
around 3–5 cm layer of sanitized soil: sand (3:1) mixture was
evenly distributed, and the field is divided into four 1 � 1 m
plots/plant-beds with 15 cm alleyways. Furrows of 15–20 cm were
made, and carrot seeds were sown. Each plant-bed had 2 furrows
with five plants each. A proper drip irrigation system was installed
so that each plot receives an equal amount of watering.

2.5. Plant characterization under open field

Ten random plants were selected for morphological and bio-
chemical analysis after 90 days for sowing. For peroxide (H2O2)
content (Velikova et al., 2000) method was used, a 0.5 g of leaf
sample was ground and treated with 5 ml of trichloroacetic acid
(0.1%, w/v). It was then centrifuged at 12,000g for 15 min, 0.5 ml
of supernatant was mixed with an equal amount of 10 mM potas-
sium phosphate buffer, and 1 ml of 1 M potassium iodide (KI) and
absorbance was taken at 390 nm. Electrolyte leakage or inorganic
ion in leaves was estimated by the Dionisio-Sese and Tobita
method (Dionisio-Sese and Tobita, 1998).

Proline content was determined by the method of Bates et al.
(1973). For enzymatic activity determination 10 g of fresh leaves
samples were homogenized with100 mM Tris-HCl, 1 mM EDTA,
10 mM MgCl2, 5 mM magnesium acetate, 5 mM DTT, and 1.5%
PVP-40. The mixture was sieved with muslin cloth and then cen-
trifuged at 10,000g for 15 min. The supernatant was taken for fur-
ther enzyme assay, supplemented with serine, cysteine, and
ascorbate. Superoxide dismutase (SOD) was evaluated as a method
described by Van-Rossum et al. (1997). The above-homogenized
mixture was placed under 15 W fluorescent lamps for 10 min to
initiate the reaction. The absorbance was taken at 560 mm. Cata-
lase (CAT) was determined by Luck method, where 50 ll of
above-homogenized supernatant was mixed with 50 mM phos-
phate buffer and 3 ml of 20 mM H2O2 (Luck, 1974). The absorption
was measured at 240 nm. Nakano and Asada method calculated
ascorbate peroxidase (APX) (Nakano and Asada, 1981). Morpholog-
ical characters were measured as described previously.

2.6. Statistical analysis

Analysis of variance (ANOVA) was determined to figure out dif-
ferences among the treatments using SPSS software (11.5 version).
The significant differences were determined with the help of least
significant difference (LSD) as a post hoc analysis (Nie et al., 1975).

3. Results

Themicrobial inoculation benefits carrot growth parameters and
other bio-physiological activities compared to control in a poly-
house pot experiment (Tables 3 and 4). AMF and P. fluorescence col-
onized plants showed better results in terms of growth patterns and
mineral nutrition over control plants. There were significant differ-
ences among the means of seven treatment groups as compared to
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control (Table 1). The maximum shoot length (34.39 ± 1.53) of trea-
ted D. carotawas found in T6, P. fluorescence + G. gigantean (Pf + GG)
inoculants which also corresponded with shoot weight (115.47 ± 1.
63), (Table 3). Similarly, the root length (68.02 ± 1.88) and root
weight (190.22 ± 1.81) were maximum in the same treatment, i.e.,
T6 (Table 3), followed by T7, consortium treatment (shoot length
– 25.23 ± 1.27; shoot weight – 92.59 ± 1.09; root length – 55.44 ± 1
.05; rootweight – 116.04 ± 1.29). Themaximumchlorophyll content
(chlorophyll a 35.12 ± 1.17; chlorophyll b 17.81 ± 1.48; Total chloro-
phyll – 52.93 ± 2.25) and carotenoids (28.34 ± 1.61) were deter-
mined by the Pf + GG treatment followed by the consortium (Total
chlorophyll – 47.78 ± 2.92; carotenoid – 26.28 ± 1.29) treatment
(Table 4). The total chlorophyll and carotenoid contentwere highest
in T6 treatment because of the highest acidic (26.71 ± 2.06) and
alkaline phosphatase activity (34.91 ± 1.16). Due to increased phos-
phatase activity root (3.12 ± 0.15) and shoot phosphorus content (1.
17 ± 0.19) were also found best in the combination of P. fluores-
cence + G. gigantean. This agrees with the highest AM number
(141 ± 3.50) and colonization (78.6 ± 5.40), as shown in Table 3. In
the experiment, the highest content of carbohydrate (13.38 ± 0.81
) was too found in T6, followed by consortium treatment (Table 3).

In the case of field experiments, the best two treatments from
the previous pot experiment were selected. This experiment deals
with salt stress given to the plants. The plants with no salt and no
microbial inoculum, i.e., T1, showed better results than the plants
with only salt stress T2, as shown in Tables 5–7. The plants with
Pseudomonas fluorescens and Gigaspora gigantea, i.e., T3 showed bet-
ter results than with consortium treatment (T4) in the field exper-
iment. The shoot length (15.39 ± 1.66) and weight (13.27 ± 1.89)
were highest in T3 as compared to T4 (shoot length – 13.27 ± 1.8
9; shoot weight – 12.78 ± 1.38) which also corresponds to maxi-
mum Root length (26.03 ± 1.91) and weight (27.03 ± 1.91) in T3
(Table 5). Total chlorophyll (chlorophyll a – 37.13 ± 2.31; chloro-
phyll b – 18.42 ± 1.96; Total chlorophyll – 48.78 ± 2.88) and carote-
noid (31.82 ± 1.17) in T3 were also found a maximum that linked
with the carbohydrate content. The carbohydrate content (15.38 ±
1.523) in carrot was highest in T3 because the phosphatase
enzymes (acid phosphatase – 25.32 ± 1.71; alkaline phosphatase
– 34.91 ± 1.16) that increase the phosphorus content was superla-
tive in T3 (Table 6). Similarly the content of root (3.26 ± 0.18) and
shoot phosphorus (1.35 ± 0.13) were also best in T3 (Table 6). This
is all because of the highest colonization (68.40 ± 4.03) and higher
number of AMF (117.40 ± 6.10) in this treatment, i.e., the combina-
tion of Pf + GG. Whereas various stress-relieving enzymes were
found highest in Pf + GG; T3 (Fig. 1). The three most essential
enzymes, namely catalase (182.47 ± 0.88), ascorbate peroxidase
(0.64 ± 0.14) and superoxide dismutase (139.73 ± 1.64), were found
to be highest in T3 where salt stress is given along with Pf + GG. In
the case of T3, the electrolyte leakage (32.71 ± 1.96) and peroxides,
a reactive oxygen species (15.25 ± 1.23) was least signifying that of
Pf + GG did not allow them to produce in more concentration due to
high water intake and accelerated CAT, ASP and SOD (Table 7;
Fig. 1). In such cases, the proline content (137.69 ± 2.45), which is
found more during stress conditions as it decreases the osmotic
potential and increases the water intake, was also found to be the
highest in T3. Surprisingly, the consortium treatment was not
reported as efficient (Peroxide – 10.17 ± 1.02; Electrolyte leakage
– 35.74 ± 1.19; Proline – 133.18 ± 1.46; CAT-182.47 ± 0.88; APX –
0.64 ± 0.14; SOD – 139.31.64) (Fig. 1).
4. Discussion

The present work describes the capacity of beneficial microbes
in the vegetable production systems. A significant effect on carrot
cultivated under salinity stress in field and greenhouse conditions



Table 3
Effect of Bioinoculants on Morphological and Food storage parameters of Daucus carota in the pot experiment.

Treatments Shoot length
(cm)

Shoot weight
(g)

Root length
(cm)

Root weight
(g)

Carbohydrate (mg/100 mg
FW)

AM spore
number

AM root colonization
(%)

Control 9.86 ± 1.11 g� 3.95 ± 0.84 h 13.38 ± 1.27 h 13.24 ± 1.53 g 6.76 ± 0.96f 0 ± 00 h 0 ± 00f

Gmy 15.28 ± 0.61f 8.11 ± 0.82 g 23.56 ± 1.02 g 31.82 ± 2.61f 8.63 ± 0.78e 64 ± 6.60 g 41.2 ± 5.70e

Pf 20.37 ± 0.98d 18.14 ± 0.71e 34.46 ± 1.57e 64.78 ± 1.08d 10.74 ± 0.94 cd 87 ± 5.10e 58.4 ± 3.70c

GG 18.16 ± 0.77e 11.15 ± 0.68f 27.54 ± 1.46f 48.14 ± 1.73e 9.68 ± 0.73de 78 ± 6.30f 50.2 ± 3.90d

Gm + Pf 23.32 ± 0.81c 72.08 ± 0.96d 48.74 ± 1.18c 115.46 ± 2.21b 12.04 ± 0.81b 119 ± 6.80c 62.6 ± 7.50c

Gm + GG 21.52 ± 1.06d 79.91 ± 0.71c 40.78 ± 2.55d 82.88 ± 1.91c 11.52 ± 0.75bc 96 ± 6.50d 61.8 ± 3.10c

Pf + GG 34.39 ± 1.53a 115.47 ± 1.63a 68.02 ± 1.88a 190.22 ± 1.81a 13.38 ± 0.81a 141 ± 3.50a 78.6 ± 5.40a

Gm + Pf + GG 25.23 ± 1.27b 92.59 ± 1.09b 55.44 ± 1.05b 116.04 ± 1.29b 12.55 ± 0.78ab 127 ± 5.20b 69.8 ± 3.90b

LSD
(P � 0.05)

1.35 1.261 2.031 2.35 35.31 7.04 6.02

ANOVA
(7, 32)

238.07 130.67 648.28 4.78 1.06 328.49 133.85

yG m – Glomus mosseae, P f – Pseudomonas fluorescens, G G – Gigaspora gigantea ± – Standard deviation; � column brackets preceded by the same letter are not substantially
different; p � 0.05 – LSD (least significant difference test); FW – Fresh Weight.

Table 4
Effect of Bioinoculants on Biochemical and Physiological attributes of Daucus carota in pot experiment.

Treatments Chlorophyll a
(mg FW-g)

Chlorophyll b
(mg FW-g)

Total
chlorophyll
(mg FW-g)

Total
carotenoids
(mg FW-g)

Shoot
phosphorus
content %

Root
phosphorus
content %

Acid
phosphatase (IU
g-1 FW)

Alkaline
phosphatase (IU
g-1 FW)

Control 11.52 ± 1.67 g� 5.29 ± 1.12 g 16.81 ± 2.27 g 10.21 ± 0.86 g 0.27 ± 0.07e 0.71 ± 0.12 g 6.68 ± 0.81 g 10.17 ± 1.02 h

Gmy 18.51 ± 1.49f 8.61 ± 1.25f 27.12 ± 1.32f 15.67 ± 0.74f 0.55 ± 0.07d 0.98 ± 0.09f 9.79 ± 1.41f 15.25 ± 1.23 g

Pf 25.49 ± 1.74d 12.85 ± 1.05d 38.34 ± 2.03d 21.15 ± 0.79d 0.77 ± 0.17bc 1.88 ± 0.11d 13.42 ± 0.95e 19.94 ± 1.18e

GG 22.29 ± 2.08e 10.54 ± 1.84e 32.84 ± 3.21e 18.66 ± 0.81e 0.67 ± 0.06 cd 1.22 ± 0.15e 11.91 ± 1.14e 17.18 ± 0.84f

Gm + Pf 28.43 ± 1.31c 13.23 ± 1.25 cd 41.67 ± 2.44c 24.67 ± 0.72c 0.83 ± 0.07bc 2.44 ± 0.17bc 17.54 ± 0.83c 23.87 ± 1.21c

Gm + GG 26.14 ± 1.82d 14.86 ± 1.06bc 41.01 ± 2.48 cd 24.56 ± 0.91c 0.79 ± 0.10bc 2.35 ± 0.33c 15.66 ± 0.93d 21.99 ± 1.25d

Pf + GG 35.12 ± 1.17a 17.81 ± 1.48a 52.93 ± 2.25a 28.34 ± 1.61a 1.17 ± 0.19a 3.12 ± 0.15a 26.71 ± 2.06a 34.91 ± 1.16a

Gm + Pf + GG 32.43 ± 1.39b 15.34 ± 1.96b 47.78 ± 2.92b 26.28 ± 1.29b 0.94 ± 0.16b 2.64 ± 0.14b 19.73 ± 1.64b 25.43 ± 0.86b

LSD (P � 0.05) 2.07 1.83 3.12 1.31 0.16 0.21 1.66
1.42
ANOVA

(7, 32)
110.56 40.06 112.78 180.08 22.86 131.64 116.67 225.26

yG m – Glomus mosseae, P f – Pseudomonas fluorescens, G G – Gigaspora gigantea ± – Standard deviation; � column brackets preceded by the same letter are not substantially
different; p � 0.05 – LSD (least significant difference test); FW – Fresh Weight

Table 5
Effect of Bioinoculants on Morphological and Food storage parameters of Daucus carota in open field condition.

Treatments Shoot length (cm) Shoot weight (g) Root weight (g) Carbohydrate (mg/100 mg FW) AM spore number AM root colonization (%)

Control 9.66 ± 1.04c� 9.02 ± 1.82c 14.87 ± 1.12b 11.75 ± 1.02c 20.40 ± 2.07c 16.80 ± 3.56b

Salt# 8.28 ± 0.94d 7.08 ± 1.56d 11.92 ± 1.32c 7.93 ± 1.08d 19.20 ± 2.38d 11.40 ± 2.32c

Salt + Pf + GGy 15.39 ± 1.66a 15.47 ± 1.642a 27.03 ± 1.910a 15.38 ± 1.523a 117.40 ± 6.10a 68.40 ± 4.03a

Salt + Gm + Pf + GG 13.27 ± 1.89b 12.78 ± 1.38b 26.04 ± 1.74a 13.55 ± 1.34b 103.20 ± 7.05b 65.80 ± 4.32a

LSD (P � 0.05) 1.93 2.16 2.08 1.66 4.88 6.61
ANOVA (3, 16) 25.52 27.17 121.74 32.56 355.59 566.96

yG m – Glomus mosseae, P f – Pseudomonas fluorescens, G G – Gigaspora gigantea ± – Standard deviation; � column brackets preceded by the same letter are not substantially
different; p � 0.05 – LSD (least significant difference test); FW – Fresh Weight.
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utilizing AMF and Pseudomonas has proven their effectiveness
(Evelin et al., 2019). Soil microbes regularly improve soil biodiver-
sity by changing the unfavorable environment. AMF are obligate
symbionts, where fungal associates assist the host by improving
the uptake of water and minerals (Saini et al., 2019a). Preceding
work on other root crops confirmed the progressive impact of
AMF on growth and yield (Yarzábal and Chica, 2017; Ahmad and
Gucel, 2016). AMF and bacteria can be beneficial for each other
and help plants access mineral nutrients, especially phosphorus
(Saini et al.,2019b, 2020a, 2020b). It is useful to recommend that
AMF in the rhizosphere can have an additive effect on carrot devel-
opment. The plant growth parameters increased in our results; this
might be due to enhancing phytohormones, especially auxin, gib-
4220
berellins, and cytokines (Duca et al., 2014; Ahmad et al., 2015a,
2015b). Besides this, there is the formation of an Iron-chelating
substance, ‘‘siderophores” which are further useful in increasing
photosynthesis and respiration in plants (Jilling et al., 2018).

AMF and PSB inoculated plants showed better growth and more
acquisition of nutrients and water, making the plants healthy dur-
ing salt stress compared to the control plants and plants having
only salt concentration. AMF is also known to decrease the cellular
dehydration by upholding the turgor pressure (Zou et al., 2013).
AMF pre-inoculated seeds showed better growth in terms of plant
weight. It might be due to higher photosynthetic efficiency by
increasing chlorophyll content and lipids (Berruti et al., 2018). It
is well known photosynthetic pigments disrupt due to salinity.



Table 6
Effect of Bioinoculants on Biochemical and Physiological attributes of Daucus carota in open field condition.

Treatments Chlorophyll a
(mg FW-g)

Chlorophyll b
(mg FW-g)

Total
chlorophyll

Total
carotenoids

Shoot
phosphorus
content

Root
phosphorus
content

Acid
Phosphatase

Alkaline
Phosphatase

(mg FW-g) (mg FW-g) % % (IU g�1 FW) (IU g�1 FW)

Control 21.52 ± 1.67c� 11.69 ± 1.65c 33.21 ± 1.08c 16.46 ± 1.95b 0.61 ± 0.08c 0.99 ± 0.198c 11.29 ± 0.669c 10.17 ± 1.02c

Salt# 17.51 ± 1.41d 8.41 ± 1.01d 25.92 ± 1.44d 12.87 ± 1.65c 0.51 ± 0.06d 0.84 ± 0.09 10.47 ± 0.987d 15.25 ± 1.23d

Salt + Pf + GGy 37.13 ± 2.31a 18.42 ± 1.96a 55.54 ± 3.74a 31.82 ± 1.17a 1.35 ± 0.13a 3.26 ± 0.18a 25.32 ± 1.71a 34.91 ± 1.16a

Salt + Gm + Pf + GG 33.83 ± 2.17b 14.94 ± 1.51b 48.78 ± 2.88b 29.88 ± 0.85a 1.06 ± 0.18b 2.74 ± 0.26b 19.69 ± 1.67b 25.43 ± 0.86b

LSD (P � 0.05) 2.58 2.11 2.25 1.97 0.17 0.26 1.79 1.45
ANOVA (3, 16) 120.05 37.12 145.95 208.59 48.01 195.44 141.19 513.14

yG m – Glomus mosseae, P f – Pseudomonas fluorescens, G G – Gigaspora gigantea ± – Standard deviation; � column brackets preceded by the same letter are not substantially
different; p � 0.05 – LSD (least significant difference test); FW – Fresh Weight

Table 7
Effect of Bioinoculants on Stress Physiological attributes of Daucus carota in open field
condition.

Treatments Peroxide content
(lmol g-1 FW)

Electrolyte
leakage (%)

Catalase (U
mg�1 protein)

Control 25.43 ± 0.86c� 40.17 ± 1.02c 170.27 ± 1.621c

Salt# 34.91 ± 1.16d 45.05 ± 1.16d 154.15 ± 1.69d

Salt + Pf + GGy 15.25 ± 1.23a 32.71 ± 1.96a 199.37 ± 1.27a

Salt + Gm + Pf + GG 10.17 ± 1.02b 35.74 ± 1.19b 182.47 ± 0.88b

LSD (P � 0.05) 1.45 1.86 1.88
ANOVA (3, 16) 513.14 75.05 925.62

yG m – Glomus mosseae, P f – Pseudomonas fluorescens, G G – Gigaspora gigantea ± –
Standard deviation; � column brackets preceded by the same letter are not sub-
stantially different; p � 0.05 – LSD (least significant difference test); FW – Fresh
Weight.
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Still, in present investigation, AMF mediated seeds overcome this
destruction by absorbing more Mg and N via AM hyphae mycor-
rhizal that can penetrate at deeper lengths (Begum et al., 2019).
Higher biomass can also lead to dilution of sodium and chlorine
Fig. 1. Variation for the proline (lmol g�1 FW), Superoxide dismutase (SOD; U mg�1 pr
protein) in the salt screening experiment, where C: Control; S: Salt stress with no ino
gigantea; SPG: Salt stress with Glomus mosseae and Pseudomonas fluorescens. Salt stress
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and further prove to be better for the crop (Talaat and Shawky,
2014). Other plant growth was significantly better under AMF
and PSB conditions; this may be due to higher procurement of
water and nutrients status due to great root architecture (Talaat
and Shawky, 2014; Chang et al., 2018).

On the same lines, the osmotic balance of the carrot is main-
tained by AMF further accumulated osmo-regulators and antioxi-
dants which ought to be the reason why AMF colonized seeds
ascertain better growth even under moderate level of salinity
(Chandrasekaran et al., 2014). Moreover, the scavenging system
is highly activated in AMF pre-colonized plants, which helps elim-
inate reactive oxygen species (ROS) and, hence, averts the oxida-
tive stress. The result in present study showed the increase in
antioxidant enzymes which is also confirmed by Begum et al.
(2019) that during AMF inoculation, there is increased synthesis
of SOD, CAT and POX. Similarly, Mishra et al., (2018) concluded
that AMF colonized vegetable crops have a high number of antiox-
idants like carotenoids, GSH, a-tocopherols, and AsA in plants that
can directly scavenge ·O2

–, H2O2 and another ROS (Evelin and
Kapoor, 2014). AMF modulates salt stress by increasing K+ accre-
tion, facilitating the crop to sustain a lower Na+/K+ ratio that helps
otein), Ascorbate peroxidase (APX; mg protein min-10) and Catalase (CAT; U mg�1

culum; SGPG: Salt stress with Glomus mosseae, Pseudomonas fluorescens, Gigaspora
– 150 mM NaCl (after 10 days of germination).
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in circumventing mutilation to the biological functioning (Chen
et al., 2017). Hashem et al. (2014) also confirm an increase in
antioxidant enzyme activities with an increase in salinity stress,
stating that AMF mediated plants could have a higher membrane
stability. The decrease in the electrolyte leakage was shown in
AMF mediated plants that may be attributed to enhancing nutrient
uptake, osmotic homeostasis, and dilution of ions’ toxic effects
(Campanelli et al, 2013; Zhao et al., 2010).

The microbial inoculation extends aquaporins that promote the
diffusion of CO2 in mesophyll cells, which further protect the pho-
tosynthetic apparatus (Chen et al., 2017). This is correlated with
enhanced RuBisCO activity in AMF inoculated plants which is
due to increased RuBisCo (Chen et al., 2017). AMF can also facilitate
crop plants to retract sodium ions from xylem tissues and sidetrack
it away from the mesophyll cells to roots (Maathuis, 2013). More-
over, AMF inoculated plants can produce an advantage molecule
like glomalin, a glycoprotein which can be regarded as heat shock
protein (HSP60) (Hammer and Rillig, 2011). It is also believed that
glomalin can participate in tolerating cytosolic damages during
abiotic stresses; this also adds in conforming out results (Begum
et al., 2019; Hammer and Rillig, 2011).

AMF inoculated plants can also alleviate salt stress by compart-
mentalizing sodium ion into the vacuole by regulating OsNHX3

(sodium/hydrogen exchanger) (Porcel et al., 2016). In present
study, there is an increase in proline content during salt stress,
but the AMF plants showed a higher concentration of proline than
the control (Abo-Doma et al., 2016). Ait-El-Mokhtar et al. (2020)
also confirms that after the inoculation of AMF under salt stress
proline content increases. There is upregulation of P5CS gene dur-
ing AMF inoculation as well as glutamate dehydrogenase which
synthesize glutamate, the precursor of proline. Hence there is more
expression of proline as well as there is inactivation of proline
dehydrogenase (Malhi et al., 2021; Jan et al., 2018).

AMF ameliorates the phytohormones production so gib-
berellins, salicylic acid (SA) impart a positive response for the plant
during salt stress, where a foliar spray of GA promotes salinity tol-
erance (Garg et al., 2018). SA also induces ionic balance by modu-
lating carbohydrate metabolism, reducing lipid peroxidation, and
increasing reduced sugars, proline, proteins K+ ions, etc. (Garg
and Bharti, 2018). In present study, amount of carotenoids also
showed a significant increase which is also proved to be antioxi-
dant as they prevent ·O2

– production (Ramel et al., 2012). Increased
SOD might also be why microbial inoculated plants showed less
stress, or we can say combat the salt stress by dissolving peroxides
(Giannopolitis and Ries, 1977; Kaur et al., 2018). Ebrahim et al.
(2017) also confirm that inoculating microbial strain in tomato
field salt stress is relieved, especially by AMF (Ebrahim and
Saleem 2017). In other crops like medicinal plants (Medicago trun-
catula), Rhizophagus irregularis an AMF solubilize K+ sources under
K+ deficiency (Garcia et al., 2017).
5. Conclusion

AMF treatment and the Pseudomonas appear to be promising
for the carrot in nutrient procurement and maintaining ionic
homeostasis. In this direction, the AMF seems to be in a appropri-
ate inoculum to improve plant development, yield, and quality
especially in the case of carrots. Although, an optimum values for
the biochemical and the morphological traits have been based on
the treatment with P. fluorescens, and G. gigantea. Overall, this work
highlights microbial inoculum and mycorrhizal fungi possess an
efficacy in attaining a profitable carrot production by improving
water uptake, maintaining osmotic balance, enhancing photosyn-
thetic efficiency, and modulating phytohormones profiling. Results
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of this study also established that AMF and PSB application
enhance the quality of carrots.
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