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ABSTRACT: In spite of water shortages green areas in cities have increased due to use of alternative water
sources for irrigation. Alternative water sources usually have a lot of salt in them, as a result, salinity
threatens the survival of various plants. Paper and pulp mill effluent is generally alkaline and increases the
salinity of soil when irrigated for long duration. Therefore, developing agronomic strategies and salt
tolerant varieties for successful cultivation of crops in saline soils is explored in recent years. Hence, this
study was aimed to assess the potential of different amendments (without amendment (A1), 50 % Gypsum
requirement (A2), Poultry manure at 5 t ha-1 with 0.1 % Pink pigmented facultative methylotroph (PPFM)
as foliar spray (A3) and 5 t ha-1 Pressmud compost along with CSR BIO 35 kg ha-1 (A4)) to improve the crop
growth of marigold (Tagetes erecta L.) under salt stress. Application of organic amendments increased the
biomass and flower yield of marigold when compared with non-amended plot. Total biomass was higher in
A3 (73.3 %) and A4 (69.9 %) plots than the control plot. Among all the treatments, highest flower yield of
67.6 q ha-1 was recorded in the treatment amended with Poultry manure at 5 t ha-1 with 0.1 % PPFM as
foliar spray. Uptake of major nutrients N, P and K was found to be high in organic amendments treated
plot than control. Also, uptake of ions such as Na, Ca, Cl, Mg and SO4 were significantly high in organic
amendment applied plots. Hence, under saline stress, despite the uptake of sodium ion the organic
amendments also improved the growth and yield of marigold.
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INTRODUCTION

In agriculture, the quality of irrigation water is assumed to
have an impact on soils and agricultural crops (Kumar and
Chopra, 2010). The numerous elements introduced into the
soil profile by paper and pulp mill wastewater irrigation
have an impact on crop development and soil qualities, as
well as their relative mobility in the soil profile. Cations, for
example, tend to concentrate in the top layers of cation
exchange sites in soil (Kumar et al., 2010). However,
wastewater irrigation introduces a wide range of nutrients
and minerals into the soil environment (Kumar and
Chopra, 2012). Other elements found in pulp mill effluent,
such as magnesium (Mg), sodium (Na), chloride (Cl), and
sulphur (S), have been linked to crop toxicities and nutrient
imbalances, increases in soil salinity, and deterioration of
soil structure, all of which have been linked to decreased
long-term crop productivity. The use of saline water may
reduce agricultural yields, whereas the use of sodic water

may damage the physicochemical qualities of the soil,
resulting in crop yield reductions.
Salinity is one of the most important environmental
factors that limit plant growth. Plant growth is severely
hampered by salinity in the soil and irrigation water
(Rezende et al., 2010). Changes in the nutritional
balance during salinity stress result in greater levels of
Na+/Ca2+, Na+/K+, Na+/Mg2+, Cl/NO3 and Cl/H2PO4,
causing plant growth retardation (Munns et al., 2008;
Rasouli et al., 2013). Sodium and Chloride can alter
nutrition absorption and ion toxicity in plants by
increasing the osmotic pressure of soil solution (Musavi
et al., 2015). In most plants, high salinity results in a
larger amount of Na+ and Cl- ions, but a decrease in N,
P, K+, and Ca2+ (Song et al., 2008). The use of manures
(farm yard manure, chicken manure), press mud, and
compost (municipal solid waste, food wastes) improve
soil structure by increasing the nutrient status of saline
soils (Niamat et al., 2019; Sundhari et al., 2018).
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Marigold is an important ornamental plant that is
frequently utilised in environmental planning in
polluted soil (Riaz et al., 2013). Because of its fragrant
nature and essential oil content, it is widely employed
in the cosmetic and perfume industries. Marigolds is a
popular seasonal flowering plant that can be seen in
public parks, gardens, and along the roadside.
Marigold feature dark green foliage and attractive
yellow, deep orange, and white blooms (Jamali et al.,
2021). The effects of amendments on marigold plants
(Tagetes erecta L.) under salinity stress developed by
paper and pulp mill effluent irrigation were investigated
in the present study. Under saline conditions, plant
height, fresh weight, flower yield and ion uptake were
determined.

MATERIALS AND METHODS

A. Study area
The field experiment was conducted on Pandipalayam,
Karur district, Tamil Nadu, India (N 11.02455⁰, E
77.9916°), the region known as “Treated Effluent
Water Lift Irrigation Society” (TEWLIS). Since, the
only irrigation source in the region is treated pulp and
paper mill effluent of alkaline pH ranging from 7.20 -
8.32 with an electrical conductivity of 2.1 - 3.1 dS m-1 it
effluent has changed the cropping pattern, soil fertility,
and land use of TEWLIS area (Balusamy et al., 2013).

The changes occurred in this period do not necessarily
suggest degradation. Initial soil characteristics were
assessed for determining the salinity in the soil (Table
1).

Table 1: Initial characteristics of the field.

Sr. No. Parameter Values
1. EC (dS m-1) 1.12
2. pH 8.46
3. ESP 12.6
4. Organic carbon (%) 0.36
5. Available nitrogen (kg ha-1) 295
6. Available phosphorus (kg ha-1) 15.2
7. Available potassium (kg ha-1) 462
8. CEC (cmol (p-1) kg-1) 15.34

B. Experimental setup
The field was divided into four splits for imposing
treatments. The treatments were control (A1), 50 %
Gypsum requirement (A2), Poultry manure at 5 t ha-1

with 0.1 % Pink pigmented facultative methylotroph as
foliar spray (A3) and 5 t ha-1 Pressmud compost along
with CSR BIO 35 kg ha-1 (A4). They were applied and
ploughed 30 days before planting. The amendments
were selected based on earlier studies of their efficacy
in amelioration of saline soil (Abdel-Fattah, 2012; Goss
et al., 2013; Seth et al., 2005; Thuvasan et al., 2018).
All the data represent mean of five replicates.

Fig. 1. Experimental field in Paper and pulp-mill effluent irrigated soil.

C. Chemical analysis of plant material
The whole plant was harvested after 130 days of
cultivation. The plant samples were oven-dried at 70°C
and ground into a fine powder. For each plot 5 samples
of 50 mg each was weighed out and digested with 13
mL nitric acid and 2 mL H2O2 using a microwave
digestion instrument (Ximénez-Embún et al., 2002).
The concentrations of Na+, Mg2+, K+ and Ca2+ was
measured using MP-AES. The anions Cl- and SO4

- were
analysed in plant sample by the method followed by
(Lastiri-hernández et al., 2019). Biomass from each
treatment plot was harvested and dry matter production
(DMP) at g m-2 was measured (Moseki & Buru, 2010).
This was used to calculate total dry matter production
for a hectare.

RESULTS AND DISCUSSION

A. Growth parameters of Marigold
The impact of amendments and microbial inoculum on
marigold performance was recorded after 130 days of
planting. The plant height from the tip of the plant to
ground level was recorded at harvest stage and
presented in Table 2. The highest plant height (34.50
cm) and number of branches (21.6) was in the Poultry
manure @ 5 t ha-1 + PPFM @ 1 % (A3) applied
treatments. The lowest biomass was recorded in control
(A1) at 2.06 t ha-1 due to the salinity stress of paper and
pulp mill effluent irrigated soil. Previous research has
shown that salt stress causes growth retardation and
weight loss. Under salinity stress (6 dS m-1), shoot fresh
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weight and dry matter production of Tagetes erecta was
declined (Sun et al., 2018). Chrysargyris et al. (2018)
also reported reduction in plant height and biomass at a
concentration of 100mM NaCl. Here, application of
organic amendments and biofertilizer had increased the
plant biomass and growth parameters in the salinized
soil.
Flower yield. The total flower yield and biomass
production of African Marigold in TEWLIS area soil
was presented in Table 2. The treatment A2 (50 %
Gypsum requirement) recorded low flower weight (5.12
g) and A3 highest flower weight (8.02 g). The number
of flowers/plants were high (23.4) in the treatment
applied with Poultry manure @ 5 t ha-1 + PPFM @ 1 %

(A3) and the lowest flower/plant (12.5) was recorded in
A1 (Control). The flower yield was highest (67.6 q ha-1)
in the Poultry manure @ 5 t ha-1 + PPFM @ 1 % (A3)
applied treatments followed by Pressmud compost @ 5
t ha-1 + CSR BIO @ 35 kg ha-1 (A4) applied treatments
(62.9 q ha-1) and lowest yield (39.6 q ha-1) was recorded
in the Control (A1) treatment. The biomass production
was found to be high (3.57 t ha-1) in treatment A3

(Poultry manure @ 5 t ha-1 + PPFM @ 1 %) when
compared to control A1 (2.06 t ha-1). Adding
amendments reduces the salinity-sodicity stress of
plants growing in the amended soil (Chaganti & Crohn,
2015).

Table 2: Impact of amendments and microbial inoculum on growth and yield parameters of African
Marigold.

Parameters A1 A2 A3 A4 Mean
Plant Height (cm) 20.60 ±0.34 32.50 ±0.88 34.50 ±0.51 31.90 ±0.58 29.88

Diameter of flower (cm) 4.61 ±0.08 4.95 ±0.13 7.84 ±0.12 5.62 ±0.10 5.76
Weight /flower (g) 5.12 ±0.08 7.82 ±0.21 8.02 ±0.12 7.95 ±0.14 7.23

Number of flowers / plants 12.5 ±0.20 19.6 ±0.53 23.4 ±0.34 22.1 ±0.40 19.40
Total flower yield (q/ha) 39.6 ±0.65 54.8 ±1.49 67.6 ±0.99 62.9±1.14 56.23
Biomass (t/ha) at harvest 2.06 ±0.03 3.22 ±0.09 3.57 ±0.05 3.50 ±0.06 3.09

B. Nutrient and salt uptake by Marigold
Macro-nutrient uptake. Ion uptake by marigold at
harvest stage was recorded based on the nutrient
content and dry matter. Ion uptake gives the amount of
nutrient removed by the plants (Table 3.). The N uptake
by marigold was found to be higher in the treatment
plot amended with Pressmud compost @ 5 t ha-1 + CSR
BIO @ 35 kg ha-1 (A4) (99.64 kg ha-1), followed by the
plot A3 (98.78 kg ha-1). The pressmud improves the soil
nutrient status, owing to which the nitrogen content is
high in treatment A3 (Kumar and Chopra, 2016). The
lowest N uptake was recorded in A1 (Control) with the
value 52.78 kg ha-1. The higher amount of P removal
was made by the plants in the treatment plot A4

(Pressmud compost @ 5 t ha-1 + CSR BIO @ 35 kg ha-

1) (25.22 kg ha-1) and the lowest removal (13.20 kg ha-

1) was observed in control plot (A1). The P uptake

found to be very low compared to N uptake. The
phosphorus availability is reduced due to poor
structured soils resulting in lower concentrations in the
biomass (Zoghdan and Ali, 2019). The K uptake was
found to be 87.03 kg ha-1 in the treatment plot amended
with Poultry manure @ 5 t ha-1 + PPFM @ 1 % (A3),
which was 47.9% higher than the control plot A1 (Table
3). The potassium is considered as the limiting nutrient
in saline soils which was ameliorated due to the
addition organic manures especially poultry manure. It
has been found that adding organic manures increased
the availability of nutrients such as potassium, nitrogen,
and phosphorus. According to Chowdhury et al. (2019),
soil amendments with farmyard and poultry manure
increased rice cultivars' growth, grain and straw yields,
K+/Na+ ratio, and nutrient uptake under saline
conditions, resulting in improved plant salt tolerance.

Table 3: Impact of Phyto-desalination with amendments and microbial inoculum on ion uptake (kg ha-1) by
African Marigold at harvest stage.

Parameters
Amendments

A1 A2 A3 A4 Mean
DMP (t ha-1) 0.52 0.81 0.89 0.88 0.77
N (kg ha-1) 13.20 20.77 24.69 24.91 20.89
P (kg ha-1) 3.30 4.66 6.19 6.31 5.11
K (kg ha-1) 11.32 18.98 21.76 20.08 18.03
Ca (kg ha-1) 14.25 26.86 25.73 26.55 23.34
Mg (kg ha-1) 5.13 9.45 11.04 10.59 9.05
Na (kg ha-1) 51.32 84.51 99.25 92.64 81.93
Cl (kg ha-1) 58.65 94.54 106.40 105.87 91.36

SO4 (kg ha-1) 12.14 19.19 21.68 21.56 18.64
Note: A1 – Control, A2 –50 % Gypsum requirement, A3 – Poultry manure @ 5 t ha-1 + PPFM @ 1 %; A4 – Pressmud compost

@ 5 t ha-1 + CSR BIO @ 35 kg ha-1.
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C. Calcium, Magnesium, Sodium, Sulphate and
Chloride Uptake
The secondary nutrients, calcium, magnesium and
sulphur uptake was also recorded and given in the
Table 3. The calcium uptake was 46.9% and 46.3 %
higher in the treatments A2 and A4 respectively, than the
control A1 (57.00 kg ha-1). Plants under salinity stress
require a high Ca2+ concentration to continue growth
(Hadi and Karimi, 2012). The marigold plants in the
treatment amended with 50% Gypsum requirement has
removed 102.91 kg ha-1 of calcium from the soil. The
magnesium uptake was found to be higher than calcium
and sulphur uptake. The link between salinity and ion
uptake, on the other hand, is complicated. There may be
an increase or decrease in uptake or salinity may have
no effect on the plant's microelement content. The Mg
(44.150 kg ha-1) and SO4

- (86.71 kg ha-1) uptake was
found to be higher in A3 (Poultry manure @ 5 t ha-1 +
PPFM @ 1 %). The Na and Cl uptake were found to be
53.4% and 49.5% higher in the treatment plot amended
with Poultry manure @ 5 t ha-1 + PPFM @ 1% (A3)
than the control (A1) (Table 3).

CONCLUSION

The Alternative water sources usually have a lot of salt
in them, this leads to development of salinity that
threatens the survival of various plants. Organic
amendment application releases acids during
decomposition and help in reducing the salinity stress
and improves crop growth. In this study it is evident
that application of organic amendments increased the
biomass by 73.3% and flower yield by 69.9 %. It also
helps in uptake of essential nutrients like Ca+ and K+

which is generally unavailable in saline and sodic soils.
Hence the application of organic amendments has
significant effect on cultivation of marigold under paper
and pulp mill effluent irrigated soil.
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