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The aim of the present study was to study the effect of saline water irrigation on growth, physiology, biochemical signal and economic yield of turmeric.

-Pot experiment was conducted with five salinity levels (0 dSm
1 -1 -1 -1 -1, 2 dSm , 4 dSm , 6 dSm  and 8 dSm ) replicated four times in RCBD. Salinity 
level were prepared using NaCl, CaCl , MgCl  and MgSO  to maintain Cl:SO  2 2 4 4

ratio in 7:3. Salinity treatments were imposed according to treatment 
scheduled 30 day after transplanting of seedling and continued till crop 
maturity. In each pot 2 l of saline water was applied at 10 days interval 
according to the treatment. The control plants were irrigated with equal 
amount of distilled water. Observations on morphological, chlorophyll, canopy 
temperature, Normalized difference in vegetative index, phenol and protein 
content Ascorbate peroxidase, Superoxide dismutase and yield parameters 
were recorded. 

The results showed that irrigation with saline water induced changes 
in growth and yield parameters in turmeric crop. Plant height at different levels 
of salinity stress was affected significantly, the lowest (37.9cm) plant hight was 

−1 -1observed at 8 dSm  salinity. A slight increase in salinity by 2 dsm  reduced the 
growth of turmeric by 15.7% as compared to control. Number of tillers, leaves 
per plant and leaf area was also significantly reduced. With increase in salinity 
levels, the chlorophyll and NDVI of leaves were reduced. The lowest fresh 

−1rhizome yield (19.8 g per plant) was recorded at 8 dSm  and in turn, it resulted 
in the lowest dry yield (2.5 g per plant) and dry recovery (12%). 

Salinity is highly detrimental to turmeric crop and leads to drastic reduction in growth, yield and productivity by reducing physiological and 
biochemical functions. Thus, the use of saline water in irrigation should be carefully looked inorder avoid yield loss.

Key words: Chlorophyll, Dry recovery, Membrane stability, Salinity, Turmeric

685-693Vol. 432022September© Triveni Enterprises, Lucknow (India) 

How to cite : Harisha, C.B., K.K. Meena, K.M. Boraiah and P.S. Basavaraj: Response of turmeric to saline water irrigation on growth, physiology, antioxidant 

defence mechanism and productivity. J. Environ. Biol., 43, 685-693 (2022).

Journal of Environmental Biology

p-ISSN: 0254-8704    •    e-ISSN: 2394-0379    •    CODEN: JEBIDP

Received: 17.06.2021                                        Revised: 12.08.2021 Accepted: 17.11.2021

1 3 2 2C.B. Harisha *, K.K. Meena , K.M. Boraiah  and P.S. Basavaraj
1Plantation, Spices, Medicinal and Aromatic plants, School of Soil Stress Management, ICAR-National Institute of Abiotic Stress Management, 

Baramati-413 115, India
2Plant Breeding, School of Water Stress Management, ICAR-National Institute of Abiotic Stress Management, Baramati-413 115, India

3Agricultural Microbiology, ICAR-Central Arid Zone Research Institute, Jodhpur-342 003, India

*Corresponding Author Email : harisha.cb@gmail.com

Journal website : www.jeb.co.in « E-mail : editor@jeb.co.in

Journal of Environmental Biology
Triveni EnterprisesTriveni Enterprises

(Educational Services Set-up)(Educational Services Set-up)

JEBJEB
®®

DOI : http://doi.org/10.22438/jeb/43/5/MRN-2013

Original Research

Response of turmeric to saline water irrigation 
on growth, physiology, antioxidant defence 

mechanism and productivity

Saline water
-10,2,4,6,8 dS m

Physiological 
response

Increase Canopy
temperature

Decrease in NDVI

Visual 
symptoms

Scorching of 
leaves reduction 

in chlorophyll

Biochemical 
signal

Increase in Phenols,
protein, SOD

Morphological 
response

Reduction in growth,
leaf area, number

of leaves
Tissue damage by

super oxide radicals

Reduction in rhizome yield



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, September 2022¨

unavailability of quality irrigation water and moisture stress are 
the major problems in turmeric growing areas. Therefore, 
increasing soil and water salinity has become a burning issue liable 
for severe reduction in productivity of turmeric. Irrigation with saline 
groundwater or salts in soil profile makes subsurface saline. It is 
estimated that global economic losses due to salinity has touched 
US $ 27.3 billion per year (Qadir et al., 2014). Irrigation with saline 
water adversely affect the plant physiology and metabolism and 
yield (Beltran, 1999). It severely restricts the normal physiological 
activity of plant and productivity. Apart from yield, saline water can 
result in accumulation of salt in soil, poor productivity and soil 
quality deterioration in the longer run (Feizi, 2010).

Under higher salinity condition, the crop growth, leaf area, 
plant water relations, biomass production of many crops including 
turmeric are negatively affected due to salt-induced water deficit, 
higher osmolyte concentration, nutritional imbalance, and also 
oxidative stress (Kim et al., 2008). It is well known that salinity 
stress affects both primary and secondary metabolism in plants 
(Prati et al., 2003).  Reduction in plant growth under salinity stress 

+ −is mainly due to Na  and Cl  toxicity, oxidative stress, restricted 
gas exchange, degradation of pigments, reduction in 
photosynthesis, and also changes in metabolic pathways (Munns 
and Tester, 2008). Phenolics are considered as sensors for 
salinity stress in plants and these compounds have diverse 
functions in plants, including scavenging of reactive oxygen 
species (Smirnoff, 1993). To achieve required productivity and 
production, it is necessary to conduct advance research to make 
turmeric farming profitable using available resources.

Several studies pertinent to salinity stress in turmeric 
have been made in the past, yet the effect of salinity on growth, 
physiology and antioxidant enzyme activity of turmeric crop 
remains elusive. It was assumed that saline water irrigation may 
manipulate the growth, yield and essential oil recovery. 
Application of saline irrigation water near to root zone may affect 
rhizome development which may also influence the quality of 
rhizomes. It was also assumed that turmeric crops may vary in 
their salinity tolerance level concerning growth, yield and 
antioxidant defence mechanism. Realizing these assumptions, 
this study was carried out to investigate the salinity tolerance limit 
in turmeric and also response of varying levels of saline water 
relation to irrigation in used for growth, physiology, antioxidant 
defence mechanism and productivity.

Materials and Methods

A pot experiment was conducted at ICAR-National 
Institute of Abiotic Stress Management, Baramati, Pune during 
2017-18 and 2018-19 to assess the effect of varied saline water 
irrigation on turmeric crop in terms of growth, physiology and 
yield. The experiment was laid out in a Randomized Complete 
Block Design (RCBD) with four replications, with varying saline 

-1water levels (0, 2, 4, 6 and 8 dSm ). Two rhizomes were planted 
in each pot filled with 15 kg soil and irrigated with deionized 
water for sprouting. Subsequent irrigations were made with 

Introduction

Turmeric (Curcuma longa L.) is an important rhizome 
bearing perennial spice crop that belongs to family 
Zingiberaceae. It is a native crop of South Asia and cultivated in a 
variety of soils of diverse agro-climatic zones of India. At present 
India is the leading producer and exporter of turmeric over the 
globe with 2.46 lakh ha area under cultivation and 9.31 lakh 
tonnes of production. Turmeric is used as spice, colouring and 
preservative agent in food industry, cosmetic and medicine 
(Anandaraj et al., 2014). The rhizome is unique due to the 
presence of curcuminoids, a yellow colour pigment and essential 
oil as active ingredients (Dixit and Srivastava, 2000). Major 
components of its essential oil are sesquiterpenoids, mainly ar-
turmerone, β-turmerone, α-turmerone, curlone and bisacumol. It 
is valued for its medicinal properties such as antioxidative, 
antimicrobial, anti-inflammatory and cytotoxic properties (Singh 
et al., 2002). Owing to these valuable properties, Indian turmeric 
demand is ever high in global food and pharmaceutical industry. 
Salinity is one of the important limiting factor in crop production in 
arid and semi-arid regions, where irrigation is most crucial for the 
successful cultivation of crop (Harisha et al., 2017). 

Saline water environments are seen in arid, semi-arid, 
coastal and waterlogged areas. Areas with saline groundwater or 
having salts in soil profile makes subsurface saline environment. 
(Dagar et al., 2011). With this available saline water, it is 
necessary to improve the productivity of crops to meet the 
demand of increasing population for food, fuel, timber and herbal 
products. To achieve higher productivity and make turmeric 
cultivation profitable nutrient rich fertile soils and high quality 
irrigation water is a prerequisite (Sivaraman, 2007). However, 
India is experiencing losses in productivity due to sporadic and 
repeated droughts, floods, deprivation of land and extremes of 
temperature (Bandyopadhyay et al., 2020). These problems 
are likely to aggravate with changing climate that can be a 
critical risk in sufficient production of turmeric crop. In this 
situation, freshwater resources has become critical input for 
agriculture and many other economic activities. Accounting 
60% of the irrigated agriculture relying on ground water, India 
has turned into the largest ground water-based food growing 
country in the world (Kumar and Sharma, 2020). On the other 
hand, overexploitation of ground water resources, water 
insufficiency is one of the major challenges. Hostile climatic 
factors for instance erratic rainfall, high evaporation, and 
droughts add to the increasing water scarcity (Payus et al., 
2020). Therefore, our concern for future scenarios should 
center on improved water productivity.

Over exploitation of fresh water resources lowering the 
ground water levels. It is important to note that irrigation water 
quality is deteriorating rapidly with invasion of sea in coastal areas 
(Khatri and Tyagi, 2015). Increasing scarcity of fresh water assets 
also necessitates the supplementation with poor quality water 
(saline and sewage water) (Shahbaz and Ashraf, 2013). India 
being a tropical country poor nutrient status, soil salinity, 
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Other calculations were carried out using MS Excel 2010.

Results and Discussion

Saline water irrigation in turmeric crop significantly 
reduced the growth and altered many physiological and 
biochemical properties. A significant yield loss in treatment as 
compared to untreated control was recorded. A significant 
reduction in plant height was also observed across all the levels of 
salinity which increased with increase in salt concentration of 
irrigating water (Table 1). The lowest plant height (37.9 cm) was 

-1recorded in treatment irrigated with 8 dSm  salinity whereas the 
highest was observed in control (61.4cm). A slight increase in 

-1salinity by 2 dSm  reduced the plant height by 15.7% and further 
-1increase up to 8 dSm  salinity resulted in a reduction of plant 

height by 42% over the control. Similarly, reduction in number of 
tillers, and leaves per plant was also observed due to saline water 
irrigation. The results revealed that, due to salinity stress plants 
are unable to produce more tillers and thus, it was restricted to 
1.2-1.8 tillers per plant. Least number of leaves (4.2) per plant 

-1was recorded at 8 dSm  salinity as compared to control 
(9.4).These findings are also endorsed by similar study made in 
Geranium (Hassanvand et al., 2019) and Cluster bean (Teolis et 
al., 2009). Reduced morphological characters may be attributed 
due to poor photosynthetic efficiency caused by reduced 
chlorophyll pigment and higher antioxidant stress caused by 
higher salt accumulation in plant. 

Total leaf area is considered as an important control 
variable that influences the net photosynthesis rates. It was 
observed that the total leaf area significantly decreased with the 
increase in salinity. The highest reduction and minimum leaf area 

2 -1(203.6 cm ) was recorded at 8 dSm  salinity whereas the highest 
2leaf area (487.9 cm ) was recorded under untreated control 

condition. This may be attributed to the fact that reduction in the 
number of leaves per plant eventually reduced the total leaf area 
which inhibited photosynthesis due to salinity either through 
reduction in stomatal conductance or nonstomatal factors such 
as reduction in chlorophyll pigments required to absorb enough 
light. Amira and Qados (2011) observed that in bean plants, 
increased salinity reduced the number of leaves and total leaf 
area. It is evident from the studies that long term irrigation with 
saline water reduces the rate of plant growth by altering the 
osmotic and ionic concentrations (Hakim et al., 2014). 

Salinity stress during active growth stages causes 
reduction in turgor pressure in plants which results in decreased 
membrane stability of stems and leaves (Munns and Tester, 
2008), reduced photosynthesis, triggers oxidative stress, 
reduces plant height and leaf area. Chlorophyll is a key pigment in 
photosynthetic process that is highly sensitive to salinity stress, 
even a slight increase in salinity is sufficient to adversely affect the 
concentration of leaf photosynthetic pigments. Under high salinity 
level, a drastic reduction in Chlorophyll-a, Chlorophyll-b and total 
chlorophyll concentrations were observed in the present study 

-1(Table 2). Chlorophyll-a varied from 3.3 to 6.5 mg g  of tissue 

saline water prepared from NaCl, CaCl , MgCl  and MgSO  to 2 2 4

maintain Cl:SO  ratio in 7:3 and Na:(Ca+Mg) ration at 1:1. At 4

each irrigation, 1.5 l of water per pot was applied once in 10 
days. The crop was sown in semi climate control greenhouse 
during June and harvested in January during both years. The 

-1 soil used for the experiment had pH 7.1, 0.08 dSm , 125 kg 
-1 -1 -ha available nitrogen, 16 kg ha available , 75 kg ha

1 -1  available potassium and 8 kg ha sodium.

Morphological and yield attributes: Observations were 
recorded from two plants in each pot in all replications. The traits 
such as plant height, number of leaves per plant, number of tillers 
per clump and leaf area per plant were measured at 150 days 
after planting. Fresh weight of rhizome per plant, number of 
mother rhizomes, primary rhizomes per plant, dry recovery of 
rhizomes were measured at the time of harvest. Scorching per 
cent of leaves was calculated by subtracting the leaf area 
scorched in the entire leaf area. For recording dry recovery, the 
harvested and washed rhizomes were cooked in boiling water for 
one hour and sun-dried to 8.0% moisture content and dry 
recovery was recorded in percentage.

Physiology and antioxidant enzyme assay: All physiological 
observations were recorded at an active growing period at 150 
DAP by selecting the first fully opened leaf. Chlorophyll content in 
leaves was determined according to Lichtenthaler (1987). The 
canopy temperature of the plant was measured with an infra-red 
thermometer (HTC MT-4).

Total protein content: It was estimated in the leaf tissues 
following Lowry's method (Lowry et al., 1951). Bovine serum 
albumin served as calibration standard.

Total phenolics: The total phenolics were estimated by the 
standard protocol using Folin-ciocalteau reagent (Singleton et al., 
1999) and expressed in terms of gallic acid equivalent (GAE).

Superoxide dismutase and Ascorbate peroxidase: SOD 
activity was determined following the method of Yu and Rengel 
(1999). One unit of SOD enzyme activity was defined as the 
amount of enzyme that would inhibit 50% of blue tetrazolium 

-1photoreduction and expressed in units mg  protein. Ascorbate 
activity was estimated following the method of Yoshiyuki and 
Asada (1981). The change in the absorbance of the reaction 
mixture for 30 sec was recorded at 290 nm.

Membrane Stability Index: MSI was measured in fully expanded 
leaves of turmeric leaves by collecting three uniform circular leaf 
disks (2 cm in diameter) from two plants per replication and 
determined as described by Lutts et al. (1996).

Statistical analyses: Pooled data of 2017-18 and 2018-19 were 
subjected to statistical analysis by ANOVA following factorial 
RCBD with saline water levels as the main plot and turmeric 
varieties in subplots with three replications using SPSS 16.0 
software to determine the Least Significant Difference (P≤0.05). 

EC
phosphorus
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Table 1: Variation in growth related traits under varying levels of saline water irrigation in turmeric

Salinity                 Plant height                   Number of tillers           Number of leaves             Total leaf area
2levels (cm) per plant per plant              per plant (cm )

2018-19 2018-19 Mean 2018-19 2018-19 Mean 2018-19 2018-19 Mean 2018-19 2018-19 Mean

Control 57.3 65.4 61.4 1.47 1.67 1.8 8.67 10.0 9.4 444.5 531.3 487.9
-12 dSm 50.2 53.1 51.7 1.50 1.60 1.3 6.3 7.4 6.8 350.5 409.8 380.2
-14 dSm 43.1 46.0 44.6 1.12 1.25 1.1 6.1 6.5 6.3 216.5 232.4 224.5
-16 dSm 41.4 41.1 41.3 0.97 1.17 1.1 4.5 5.1 4.8 208.5 248.1 228.3
-18 dSm 38.9 36.8 37.9 0.97 1.22 1.2 3.9 4.5 4.2 184.3 222.9 203.6

SEm± 4.07 2.32 0.70 0.14 0.15 0.09 0.64 0.64 0.43 23.7 56.4 28.9
LSD(p=0.05) 12.69* 7.24* 2.41* ns ns 0.26* 2.02* 2.01* 1.26* 74.04* 175.9* 84.2*

        Year:  ns     Y x S: ns                 Year: 0.168   Y x S:  ns   Year: 0.798     Y x S: ns         Year: ns     Y x S: ns

p = 0.05 level, * indicate significant and ns: non-significant differences in mean values of saline water Year and their interactions

Table 2: Effects of varying saline water irrigation on chlorophyll content and NDVI in turmeric leaves

                  Chlorophyll a                Chlorophyll b           Total chlorophyll                   NDVI

  
2018-19 2019-20 Mean 2018-19 2019-20 Mean 2018-19 2019-20 Mean 2018-19 2019-20 Mean

Control 6.75 6.17 6.5 4.40 4.07 4.2 11.15 10.22 10.7 0.64 0.59 0.62
-12 dSm 6.22 6.15 6.2 3.92 3.87 3.9 10.17 10.05 10.1 0.55 0.55 0.55
-14 dSm 5.02 5.40 5.2 3.90 4.22 4.1 8.90 9.62 9.3 0.49 0.53 0.51
-16 dSm 4.17 4.50 4.3 3.22 3.47 3.4 7.40 7.95 7.7 0.39 0.42 0.41
-18 dSm 3.22 3.42 3.3 2.45 2.55 2.5 5.67 5.95 5.8 0.28 0.30 0.29

SEm 0.038 0.309 0.14 0.032 0.217 0.10 0.070 0.525 0.25 0.019 0.037 0.02
LSD(p=0.05) 0.117* 0.96* 0.43* 0.10* 0.67* 0.30* 0.219* 1.63* 0.73* 0.060* 0.117* 0.05*

           Year: ns      Y x S: ns         Year: ns      Y x S: ns        Year: ns      Y x S: ns         Year: ns      Y x S: ns

At p = 0.05 level, * indicate significant and ns: non-significant differences in mean values of saline water Year and their interactions. NDVI: Normalised 
Difference in Vegetative Index

Salinity
-1 -1 -1levels                                     (mg g  f.wt.)                                (mg g  f.wt.)                               (mg g  f.wt.)

whereas Chlorophyll-b ranged from 2.5 to 4.2 mg g  of tissue. As 
salinity increased, the pigment concentration reduced.

This reduction in pigments caused poor metabolic activity 
and ultimately hampered the normal growth parameters. 
Reduction in both chlorophyll a and b has a significant role in 
growth and yield reduction. Reduced chlorophyll content in olive 
leaves under salt stress was reported by Mousavi et al. (2008) 
and it is observed that this reduction in chlorophyll content may be 
due to higher degradation through enzyme chlorophyllase or 
inhibition of chlorophyll synthesis or due to lower number of 
chloroplasts. (Turan and Tripathy, 2015) reported that salinity can 
cause a reduction in enzymes responsible for the synthesis of 
chlorophyll. NDVI measures the greenness and health status of 
plants by reflecting Near Infra-Red radiation. Higher the 
greenness of plant, more healthier plants. In the present study, 
NDVI value was also found to reduce as salinity level increased 

-1and it ranged from 0.29 in 8 dSm  to 0.62 in control. Decrease in 
chlorophyll content in leaves is mainly due to inhibition of 
chlorophyll synthesis coupled with rapid degradation of 

-1 chlorophyll. Further, it leads to poor photosynthesis and cell 
death due to lack of energy equivalents. This disturbance of ion 
imbalance occurring during salinity affects the development of 
chloroplasts and protein translation mechanism. Zeng et al. 
(2014) reported salt-induced damage to the pigments which 
significantly affect several photosynthetic attributes, and 
ultimately reduced growth and yield in sunflower. NDVI and 
other canopy attributes due to reduced chlorophyll contents, 
results in the reduction of overall photosynthesis and plant 
growth (Silva et al., 2016). 

Salinity stress causes severe damage to leaf tissues in 
terms of scorching, loss of membrane stability and increase in 
canopy temperature in turmeric (Table 3). Salinity causes 
scorching of lower leaves in plants due to sodium and chlorides 
toxicity. In this study, scorching per cent of leaves were studied at 
150 DAP and it was found that severity increased with increase in 
saline water levels. It ranged from 0.5% in control plants to 32.8% 

-1in 8 dSm  saline water irrigated plants. With a slight increase in 
salinity, scorching increased up to 18% as compared to control. 
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distribute within and between different cells or tissues or organs, 
which may potentially cause a loss in membrane stability 
(Tavakkoli et al., 2010). Higher concentration of may lead 
to higher lipid peroxidation and also cell damage thereby more 

+  Na ions

Similarly, membrane stability index reduced at increased salinity 
- +levels due to the accumulation of specific ions such as Cl  and Na , 

which causes an imbalance in water and nutrients leads to 
+electrolyte leakage from plant tissues. For instance, Na  can 

Table 3: Effect of varyings level of saline water irrigation on physiological traits in turmeric

            Scorching of leaf tissue                 Membrane stability                                    Canopy temperature 

  
2018-19 2019-20 Mean 2018-19 2019-20 Mean 2018-19 2019-20 Mean

-10 dSm 0.50 0.57 0.5 17.4 20.7 19.1 17.8 23.9 25.9
-12 dSm 16.6 19.4 18.0 15.7 18.4 17.1 28.0 28.7 28.4
-14 dSm 26.0 27.9 26.9 15.5 16.1 15.6 28.2 30.3 29.3
-16 dSm 32.3 30.1 32.7 14.8 15.0 14.9 28.7 33.2 30.8
-18 dSm 35.2 33.3 32.8 14.1 12.0 13.1 28.6 34.3 31.5

SEm± 1.036 1.57 0.92 0.088 0.94 0.47 0.086 1.70 0.85
LSD (p=0.05) 3.22* 4.89* 2.70* 0.27* 2.93* 1.37* 0.26* 5.29* 2.50*

                                              Year: ns    Y x S: ns                              Year: 0.86      Y x S:1.94                                 Year: 1.58   Y x S: 3.53

At the p = 0.05 level, * indicate the significant and ns: non-significant differences in mean values of saline water Year and their interactions

Table 4: Effect of varyings levels of saline water irrigationon yield related traits in turmeric

Salinity                     No. of mother                                     No. of primary                                   Fresh rhizome yield
levels                        rhizomes                        rhizomes                     (g per plant)  

2018-19 2019-20 Mean 2018-19 2019-20 Mean 2018-19 2019-20 Mean

-10 dSm 2.04 2.60 2.3 3.72 5.32 4.5 51.0 60.1 55.6
-12 dSm 2.02 2.37 2.2 1.97 2.30 2.1 37.1 43.1 40.1
-14 dSm 2.02 2.17 2.1 1.72 2.25 2.0 28.7 30.4 29.6
-16 dSm 1.27 1.42 1.4 1.00 1.20 1.1 21.8 25.6 23.7
-18 dSm 1.02 1.20 1.1 0.75 0.85 0.8 17.8 21.9 19.8

SEm± 0.11 0.15 0.09 0.29 0.51 0.28 2.19 4.67 2.43
LSD(p=0.05) 0.34* 0.49* 0.27* 0.91* 1.58* 0.81* 6.84* 14.5* 7.11*

Year          Year: 0.17      Y x S: ns                                  Year: 0.51     Y x S: ns                                  Year: 4.50    Y x S: ns

At the p = 0.05 level, * indicate the significant and ns: non-significant differences in mean values of saline water Year and their interactions

Salinity  
levels                                                     (%)                                                             index                                                              (ºC)

Table 5: Effect of varying levels of saline water irrigation on dry yield and dry recovery in turmeric

                   Dry rhizome yield                                         Dry recovery                               Yield loss over control

  
2018-19 2019-20 Mean 2018-19 2019-20 Mean 2018-19 2019-20 Mean

-10 dSm 12.9 14.0 13.5 25.3 23.2 24.2 0.0 0.0 0.0
-12 dSm 8.6 9.8 9.3 23.3 22.9 23.1 32.8 29.3 31.1
-14 dSm 5.4 6.1 5.8 19.0 20.5 19.8 58.1 56.0 57.0
-16 dSm 3.6 4.6 4.2 16.9 18.1 17.5 71.7 66.6 69.2
-18 dSm 2.0 2.8 2.5 11.6 12.3 12.0 84.0 79.7 81.8

Sem± 0.68 1.07 0.60 1.02 1.15 0.73 4.14 4.84 7.47
LSD(p=0.05) 2.14* 3.34* 1.76* 3.18* 3.58* 2.13* 12.92* 15.09* 21.7

            Year: ns       Y x S: ns                                Year: ns       Y x S: ns                                    Year: ns      Y x S: 30.8

At the p = 0.05 level, * indicate the significant and ns: non-significant differences in mean values of saline water Year and their interactions

Salinity         
levels                                               (g per plant)                                                      (%)                                                              (%)
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electrolyte leakage and reduced membrane stability (Banu et al., 
2009). Canopy temperature indicates CO  trap inside leaf tissue 2

and closure of stomata may be due to water stress or ion toxicity. 
In the present investigation, as salinity levels increased the 

canopy temperature increased. Which may be attributed to cause 
physiological drought leading to the closure of stomata and 
temperature increase. Number of primary rhizomes and mother 
rhizomes (Table 4) are important yield attributing characters in 

Fig. 1: Variation in (A) protein, (B) phenolic, (C) Peroxidase and  (D) Super oxide dismutase (SOD) content in turmeric under varying saline water levels.

Fig. 2: Visualization of hydrogen peroxide and superoxide radicals on leaf surface through (a) DAB and (b) NBT staining under different salinity 
treatments.
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turmeric. In the present study, it was found that salinity drastically 
reduced the number of primary and mother rhizomes per plants. 

-Mother rhizomes were reduced from 2.3 in control to 1.1 in 8 dSm
1 salinity level. Similarly, the number of primary rhizomes per plant 

-1also reduced by 82.2% in 8 dSm  saline concentration as 
compared to control. Results indicate that primary rhizome 
formation and development severely affected as compared to 
mother rhizomes. 

Salinity either may be soil or water is considered a major 
factor that has been an adverse effect on productivity. As it was 
mentioned, the adverse effects of salinity in plants can be 
observed in the form of growth retardation, plant mortality, 
biomass and ultimately economic yield. In this study, it was 
observed that yield of turmeric rhizomes affected negatively 
with increasing salinity (Table 5). Furthermore, a decreased in 
yield was evident from reduced fresh and dry weight under 
increased salinity level. Lower fresh rhizome yield (19.8g per 

-1plant) was observed in 8 dSm  salinity which in turn resulted in 
lower dry yield (2.5 g per plant) and dry recovery (12%). Under 8 

-1dSm  saline water irrigation reduction in yield 81.8% was noticed 
in comparison to control plants. Poor rhizome yield may be 
attributed due to reduced plant height, biomass and number of 
rhizomes per plant. Mostajeran et al. (2014) also reported that 
increasing salinity upto 100 mM NaCl reduced 30% yield in 
turmeric. This indicates that salinity is highly detrimental for 
turmeric crop. Elevated salinity leads to reduced turgor pressure 
in plant thereby plants unable to absorb water and nutrients result 
in poor growth, biomass accumulation and reduced yield 
(Minhas, 1996). Several mechanisms such as sodium exclusion, 
sodium accumulation and avoidance imparts tolerance in plants. 
If plants fail develop any of these mechanisms leads to poor 
growth, physiology and productivity (Hassanvand et al., 2019). It 
was observed in the study that higher leaf scorching due to more 
sodium accumulation and potassium deficiency, caused nutrient 
imbalance resulted in poor growth and thus, resulted in reduction 
of yield attributing traits such as number of mother, primary 
rhizomes and dry recovery. 

Plant cells have evolved an array of defence 
mechanisms, of which, antioxidant enzymes that scavenge 
aggressive ROS, protects from oxidative damage is vital to plant 
survival. In this line, total phenolics, protein, peroxidases and 
superoxide dismutase activity were estimated (Fig. 1). Total 
phenolics content in turmeric leaves increased with increase in 

-1salinity level and it ranged from 1.9-4.4 mg GAE g  f.wt. Similarly, 
protein content in leaf tissue also increased with increase in 

-1salinity concentration and it ranged from 9.3-20.4 mg 100g  f.wt. 
In crops like rice, increased activity of phenolics and SOD was 
observed under salinity stress (Chawla et al., 2013). Similar 
increase in phenolics such as protocatechuic, chlorogenic and 
caffeic acids due to increase in salinity level in Matricaria 
chamomilla (Cik et al., 2009). Antioxidant enzymes are important 
in the stress defence mechanism in plants. Whenever plant 
experiences any kind of abiotic stress, it produces ROS which 
causes oxidative damage to plant cell. To combat ROS, plants are 

equipped with efficient mechanisms for scavenging these active 
oxygen species and to protect cell damage due to oxidative 

2-reactions (Foyer, 2018). Reactive oxygen species such as O  and 
H O  radicals are produced by several metabolic processes, 2

when their concentration exceeds in the cell the scavenging 
enzymes increases to avoid excess accumulation of these ROS. 
Even then, the imbalance between the generation of ROS and 
antioxidant enzymes leads to oxidative damage to plant cells. 
(Gupta et al., 1999). SOD activity known as the front-line defense 
system in oxidative stress increases in response to salinity stress 
in many crops, including turmeric. In the present study, 44% 

-1higher SOD activity was recorded at 8 dSm  salinity level in 
comparison to control. Imbalance between production of ROS 
and antioxidant defense leads higher cell damage in plants. 
Shafeiee and Ehsanzadeh, (2019) in fennel reported that higher 
SOD, CAT and POX activity up regulated as salinity stress 
increased which imparted the stress tolerance in fennel plants.

In order to visualize the effects of salinity on leaves, 
localized staining by DAB was carried out (Fig. 2). DAB stains 
reddish brown color in the presence of H O  and staining intensity 2 2

is directly associated with the extent of peroxidases enzyme 
activity. Staining of leaves with DAB gives clear visual 
observation about H O  accumulation by exhibiting the most 2 2

-1intense color under high salinity level, i.e., 8 dSm . Similarly, 
2−superoxide radicals (O ) were estimated through in-vivo staining 

of turmeric leaves (Fig. 2) using formazone, the extent of 
superoxide radicals accumulation was revealed through blue color 
staining of leaves. The intensity of blue colour indicates the amount 

2- 2-of O  accumulation in leaves. Higher the amount of O  
accumulation, in leaves brighter the intensity and vice versa. The 
highest intensity of blue colour was observed in leaves collected 

-1 from plants treated with 8 dSm salinity. Photoreduction-oxidation 
reaction between riboflavin and methionine lead to the reduction 

2−of flavin to superoxide (O ) under stress condition. This O  
molecules reduced by NBT into blue formazon that imparts blue 
colour to leaves indicating dead cells on leaves. (Jakhar and 
Mukherjee, 2014).

In the present study, salinity stress had major impact on 
turmeric growth through retardation of nutrient uptake, 
degradation of photosynthetic pigments, and eventually reduced 

-1yield. At 4 dSm  salinity level, the yield reduction was observed up 
to 57 per cent. This study demonstrated that turmeric is sensitive 
to saline water stress and it reduces the yield 50 per cent if saline 

-1water ≥4 dSm  used for irrigation. This study is useful in 
understanding the salinity tolerance level in turmeric and further 
helpful in selecting good quality soil and irrigation water for 
growing turmeric for higher yield.
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