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The aim of the present experiment was to examine whether waterlogging induced deficiency or excess of elements, is the cause for reduction in 
cane weight of sugarcane genotypes under waterlogged conditions.

The experiment was conducted in pots with eleven sugarcane genotypes grown 
under control and waterlogged conditions. Waterlogging treatment was imposed at 120 days 
crop age for a period of 60 days. Cane weight and element concentrations were measured at the 
end of waterlogging.

Compared to control, reduction in cane weight of sugarcane genotypes under 
waterlogging varied from 5.3% (A-46-11) to 32.3% (CoJ 64). Waterlogging caused a significant 
decrease in leaf N, P, K, S, Zn and Cu concentrations of sugarcane genotypes; the extent of 
decreases in leaf N and S were more and values for these elements dropped below their reported 
critical deficiency level for most genotypes. There was a significant inverse correlation between 
leaf K and S concentration, and reduction in cane weight of sugarcane genotypes, indicating that 
genotypes with high leaf K and S under waterlogging have relatively less reduction in cane 
weight. There were significant increase in the leaf Fe, Al, Mn and Na concentrations under 
waterlogging, however, increase in these elements were not correlated with reduction in cane 
weight of sugarcane genotypes.

The results suggest that deficiencies of N, K and S rather than excess of Fe, Al 
and Mn is a major cause for reduction in cane weight of sugarcane genotypes under waterlogged 
condition. The genotypes tolerant to N, K and S deficiencies under waterlogging can be utilized in 
breeding program for developing sugarcane varieties with improved waterlogging tolerance.
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Waterlogging effects on leaf element concentrations 
and cane weight of sugarcane genotypes

 

Planting of eleven sugarcane genotypes in plastic 
pots and induction of waterlogging treatment at 

120 days crop age for a period of 60 days

Control Plants Waterlogged Plants

Collection of leaf samples and measurement of 
cane weight at the end of waterlogging treatment

Washing, oven drying, grinding and wet 
digestion of collected leaf samples

Analysis of N, P, K, S, Na, Fe, Al, Mn, Zn 
and Cu in digested leaf samples

Identification of nutrient deficiencies or toxicities 
and its relation with reduction in 

cane weight of sugarcane genotypes
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associated with waterlogging induced yield losses (Board, 2008). 
The waterlogging treatment in cotton reduced the leaf N, K, P, Ca, 
Mg, Mn and S concentrations and increased the Fe concentration 
as compared to control (Conaty et al., 2008). It is suggested that 
waterlogging tolerance is often a product of tolerance to 
anaerobiosis and to element deficiencies and toxicities of several 
elements (Setter et al., 2009). Unlike other crops, information 
available for sugarcane on the uptake and accumulation pattern 
of different elements under waterlogged conditions is meagre. In 
view of the above, the present work was undertaken with 
objective to identify major element deficiencies or toxicities 
occurring in sugarcane under waterlogged condition and also to 
evaluate whether differences in element deficiencies/toxicities 
among sugarcane genotypes are associated with reduction in 
their cane weight under waterlogging.

Materials and Methods

Plant material and growth conditions: The experiment was 
conducted in pots at ICAR- Indian Institute of Sugarcane 
Research, Lucknow under glass house conditions during spring 
season of 2017-18. The seedlings of eleven sugarcane 
(Saccharum spp. hybrid) genotypes; CoLk 94184, BO 91, CoS 
767, CoJ 64, CoLk 12204, CoLk 07201, LG 04439, LG 03040, A-
46-11, A-27-12 and UP 9530 were raised from single bud setts in 
plastic trays filled with soil, sand and FYM (1:1:1). Thirty-days-old 
seedlings were then transplanted in plastic pots (10"diameter) 
filled with 8 kg clay loam soil having pH 7.6 and EC 0.18. In each 
pot, nitrogen, phosphorus and potassium were supplied as 1.30 g 
urea, 1.50 g single superphosphate and 0.40 g muriate of potash, 
respectively equivalent to recommended dose of N, P and K 

-1(150:60:60 kg ha ). Half of the urea, full amount of single 
superphosphate and muriate of potash (as basal) were 
thoroughly mixed in soil before filling the pots. The remaining urea 
was applied in two equal split doses, one at 30 days and other at 
90 days after transplanting. Single plant was maintained in each 
pot and tillers were instantly removed after its emergence 
throughout the experiment period. Irrigation and other cultural 
practices were done as and when required. 

Treatment imposition: The experiment consisted two 
treatments viz., (i) Control (non waterlogging) and (ii) 
Waterlogging. The waterlogging treatment was imposed at 120 
days plant age (90 days after transplanting) for a period of 60 days 
by shifting the planted pots in larger plastic buckets (15" diameter 
and 19" depth) and maintaining water 20 cm above the soil 
surface. The control plants (non waterlogging) received normal 
irrigation during this period. After completion of waterlogging 
treatment, the pots were taken out from the buckets and 
excessive water in pots was drained off and thereafter, during 
remaining crop period pots were irrigated normally like control 
plants. Thus eleven genotypes and two stress treatments 
constructed a total of 22 treatment combinations. Under each 
treatment, 10 pots were maintained so that, on each sampling 
occasion three replicates was available. The whole experiment 
was planned under completely randomized design (factorial).

Introduction

Waterlogging is one of the serious environmental 
constraints to sugarcane production which causes 18–64% 
reduction in cane yield depending upon the genotypes, 
environmental conditions, stage of development and stress 
duration (Gilbert et al., 2008; Glaz and Lingle, 2012). In India, 
physical degradation of soil due to waterlogging accounts about 
11.6 mha of which 10-30% comes under sugarcane cultivation 
(Gomathi et al., 2015). The major effects of waterlogging in 
sugarcane crop include higher rate of stalk mortality, low 
relative growth rate, reduced cane yield, poor juice quality and 
recovery (Viator et al., 2012; Gomathi et al., 2015). 
Waterlogging causes hypoxic or anoxic soil conditions as 
diffusion of oxygen through water is 10,000 times slower than in 
air (Armstrong and Drew, 2002), that results in accumulation of 
phytotoxins (Armstrong and Armstrong, 2001), cause a 
sequence of physico-chemical and microbial changes in the soil 
(Ponnamperuma, 1984), severe deficiency of energy and 
eventual death of the plants (Greenway and Gibbs, 2003). 
Oxygen deficiency during waterlogging may inhibit nutrient 
uptake and transport in plants by altering root function due to 
the death of root system (Stepniewski and Przywara, 1992), 
causing nutrient leakage due to loss of membrane integrity 
(Resen and Carlson, 1984) and by impeding ATP dependent 
active uptake of ions (Setter and Belford, 1990).

Nutrient uptake of crop plants in waterlogged soils is 
largely influenced by the initial status of soil nutrients, changes in 
the physico-chemical properties of soil and tolerance ability of 
crop varieties (Kozlowski, 1990). The element toxicities and 
deficiencies are considered as one of the major growth limiting 
factors under waterlogging. The decreased redox potential during 
waterlogging causes reduction of elements like iron, manganese 
and aluminum ions which increases their availability in soil 
beyond plant nutritional requirements (Yadauvanshi et al., 2012; 
Ma et al., 2003; Rengaswamy, 2004); this increases the 
concentration of these elements into high to toxic range in the 
plants. Many fold increase in the leaf/shoot concentrations of Fe, 
Mn and Al have been observed in waterlogged wheat (Khabaz-
Saberi et al., 2006; Singh and Setter, 2017 and 2017a). Some 
crop species like rice, avoid the accumulation of Fe and Mn by 
releasing oxygen into the rhizosphere for Fe and Mn oxidation 
(Mengel and Kirkby, 2001); while crops like wheat and barley are 
not able to oxidize Fe and Mn so that toxicity of these elements 
occur under waterlogging. The increase in Fe, Mn and P 
concentration in root samples have been used as an indicator of 
waterlogging intolerance in wheat (Musgrave and Ding, 1998).

In addition to toxicity problems, waterlogging also causes 
deficiencies of several elements in different crops. The decrease 
in leaf K, P, S and Zn concentrations have been reported in 
waterlogged wheat (Sharma and Swarup, 1988; Singh and 
Setter, 2017). A  decrease in the leaf N, P, K, Ca, Mg, S, Mn and Zn 
concentrations have been observed in soybean under 
waterlogging and decrease in leaf N content  was found to be 
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Results and Discussion

Waterlogging caused a significant decrease in the cane 
weight of sugarcane genotypes (Table 2). Compared to control, 
the decrease in cane weight of sugarcane genotypes due to 
waterlogging varied from 5.3% (A-46-11) to 32.3% (CoJ 64). The 
mean cane weight (across the varieties) decreased by 17.1% in 
waterlogging relative to control. The reduction in cane weight due 
to waterlogging was lower in genotypes, A-46-11, UP 9530, CoLk 
94184 and BO 91(5.3 to 13.0%), whereas greater reduction was 
found for genotypes LG 03040, A-27-12 and CoJ 64(27.0 to 
32.3%). The mean effect of variety showed highest cane weight in 
LG 04439 which was at par with CoLk 94184 and A-46-11, while 
other genotypes had significantly lower values. UP 9530, CoLk 
94184 and BO 91 used in the present experiment are released 
waterlogging tolerant genotypes (Solomon et al., 2014), these 
genotypes showed relatively less reduction in cane weight under 
waterlogging. CoJ 64 showing highest reduction in cane weight has 
been identified as one of the most waterlogging intolerant genotype 
in earlier work (Singh et al., 2019). The reduction in cane weight 
caused by waterlogging may be attributed to hypoxia/anoxia induced 
energy crisis which decreases the water and nutrient supply to the 
shoot, decrease photosynthetic rate and effective leaf area, 
impaired root growth and functioning and lower crop growth rate 
(Setter and Waters, 2003; Jiaphong et al., 2017; Gomathi et al., 
2015; Viator et al., 2012). The decrease in cane weight of sugarcane 
due to waterlogging has been also reported previously (Manoharan 
et al., 1990; Gilbert et al., 2007; Singh et al., 2019).

Waterlogging decreased the leaf N concentration of 
sugarcane genotypes by 31.6% to 57.3% (Fig. 1). The leaf N 
concentration was in sufficiency range in control plants, however 
it decreased below the critical deficiency concentration (<1.80%) 
in all sugarcane genotypes under waterlogging. The mean leaf N 
concentration (across the genotypes) in waterlogging was 1.11% 
against 2.02% in control (Table 3). The values for leaf N under 
waterlogging were higher for CoLk 94184, BO 91, CoLk 07201, 
LG 04439 and A-46-11 and waterlogging induced cane weight 
losses were relatively less in these genotypes. CoJ 64 with lowest 
leaf N concentration (0.79%) under waterlogging recorded 
highest reduction in cane weight (32.3%). However, in some 

Leaf sampling and element analysis: Leaf samples for 
element analysis were collected at the end of waterlogging 
treatment from both non waterlogged (control) and waterlogged 
sets. Eighteen leaves (third and fourth lower leaf from top 
visible dewlap leaf) per treatment in three replicates (6 leaves 
per replicate) were collected. Thereafter, leaf samples were 
thoroughly rinsed thrice in distilled water to remove any soil 
contamination. Excess water on leaves was wiped off with the 
help of a blotting paper and then leaves were placed in a paper 
bag, oven dried at 70ºC for 48 hr, grinded and digested using 
the di-acid mixture of nitric acid and perchloric acid (10:1 ratio).

The Na and K content in digested leaf samples were 
estimated with the help of a flame photometer whereas Mn, Zn 
and Cu were measured wi th  a tomic  absorp t ion  
spectrophotometer. The analysis for Fe and Al content was done 
by Central Instrumentation Facility Laboratory, CSIR-National 
Botanical Research Institute, Lucknow using ICP-MS. The N 
content in the leaf samples was determined by Kjeldahl method 
using di-acid mixture of sulphuric and perchloric acid (5:2 ratio) as 
described by Humphries (1956). The sulphur content was 
estimated by turbidetric method (Chesnin and Yien, 1950) using 
HNO  - HClO  digest. The phosphorus content was analyzed by 3 4

colorimetric method as given by Fiske and Subba Row (1925). 
The critical deficiency level for different elements have been cited 
in the results as described by Anderson and Bowen (1990) and 
McCray and Mylavarapu (2010).

Measurement of cane weight: Cane weight was measured at 
the end of waterlogging treatment. Three canes per replicate 
(total, three replicates per treatment) were selected and cut from 
the base. The whole cane up to the top dewlap leaf was cleaned 
by removing the attached leaves and leaf sheaths. The cane 
weight was measured with the help of a digital balance and 
expressed as kg per cane. 

Statistical analyses: The data were analyzed using complete 
randomized design based on factorial experiment and mean 
comparison was done using least significant difference test 
(Gomez and Gomez, 1984). The summary of analysis of variance 
for different parameters has been presented in Table 1.

Table 1: Summary of analysis of variance for cane weight and different elements based on genotype and waterlogging treatments

Source of d.f. Cane Leaf N Leaf P Leaf K Leaf S Leaf Na Leaf Fe Leaf Al Leaf Mn Leaf Zn Leaf Cu
variation weight (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)

(Kg/cane)

Water 1 0.359** 13.609** 0.140** 3.274** 0.165** 811855** 145137** 82751** 2602.6** 1931.05** 54.764**
logging
Genotype 10 0.101** 0.162** 0.007** 0.075** 0.003** 14693** 712 NS 942** 319.0** 55.38** 6.192**
Water 10 0.005 NS 0.028 NS 0.003** 0.017 NS 0.001** 23789** 1224** 774** 36.1 NS 22.35** 0.200 NS
logging
x Genotype
Error 42 0.005 0.023 0.001 0.010 0.000 5961 417 164 22.3 8.67 0.634

**significant at 1% levels of probability; NS- non significant
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Table 2: Cane weight of sugarcane genotypes in control and waterlogged treatments (after 60 days of waterlogging imposed at 120 days crop age)

Genotypes                              Cane weight (kg per cane) Mean

Control Waterlogged

CoLk 94184 0.96 0.86 (10.4) 0.91
BO 91 0.69 0.60 (13.0) 0.65
CoS 767 0.83 0.69 (16.9) 0.76
CoJ 64 0.65 0.44 (32.3) 0.55
CoLk 12204 0.80 0.62 (22.5) 0.71
CoLk 07201 0.73 0.58 (21.2) 0.65
LG 04439 1.01 0.85 (15.8) 0.93
LG 03040 0.74 0.54 (27.0) 0.64
A-46-11 0.94 0.89 (5.3) 0.91
A-27-12 0.83 0.59 (28.9) 0.71
UP 9530 0.87 0.78 (10.3) 0.83
Mean 0.82 0.68 (17.9) −
C.D. at 5 % Waterlogging (WL) = 0.04, Genotype (G) = 0.09, WL x G = NS

Values in parentheses indicate percent reduction in waterlogged treatment over control

Table 3: Range and mean leaf element concentration of eleven genotypes in control and waterlogged treatments

                          Range                     Mean

Elements Control Waterlogged Control Waterlogged

Nitrogen (%) 1.76-2.27 0.79-1.40 2.02 1.11 (-45)
Phosphorus (%) 0.25-0.38 0.13-0.26 0.32 0.23 (-28)
Potassium (%) 1.29-1.60 0.70-1.12 1.43 0.99 (-31)
Sulphur (%) 0.18-0.27 0.08-0.15 0.22 0.12 (-45)
Sodium (ppm) 700-900 960-1250 808 1030 (+27)
Iron (ppm) 160-201 246-316 184 278 (+51)
Aluminium (ppm) 90-127 152-215 107 177 (+65)
Manganese (ppm) 34.0-59.7 44.1-69.8 49.4 61.9 (+25)
Zinc (ppm) 32.3-44.1 22.0-30.2 36.6 25.7 (-30)
Copper (ppm) 6.00-9.03 4.09-7.06 7.19 5.37 (-25)

Values in parentheses indicate percent increase (+) or decrease (-) in waterlogged treatment over control

genotypes the values for leaf N under waterlogging were not 
consistent with the waterlogging induced reductions in cane 
weight. For example, UP 9530 with 1.04% leaf N concentration 
showed second-lowest  reduction in cane weight (10.3%) while A-
27-12 higher in leaf N concentration (1.2%) exhibited second-
highest reduction in cane weight (28.9%). A marginal inverse 
correlation (r= -0.589) was detected between leaf N concentration 
and reduction in cane weight of genotypes under waterlogging 
(Table 4). The results of present study are supported by earlier 
works in sugarcane (Gomathi et al., 2010; Singh et al., 2019) and 
other crops (Khabaz-Saberi et al., 2006; Board, 2008). The 
decline in leaf nitrogen concentration under waterlogging may be 
a consequence of reduced availability of the nitrogen to plants 
due to hypoxia/anoxia induced promotion of denitrification of 
nitrate ions (Hamonts et al., 2013). 

The leaf P concentration of sugarcane genotypes 
decreased significantly in response to waterlogging (Fig 2). 

Compared to control, waterlogging decreased leaf P by 16.1% 
(CoLk 94184) to 56.7% (CoLk 12204) with a mean decrease of 
28% across the genotypes (Table 3). However, the values for leaf 
P for most genotypes were not in deficient range under 
waterlogged condition. This suggests that as compared to N, the 
waterlogging effects on leaf P were to a smaller extent. The 
decrease in phosphorus concentration observed in sugarcane 
leaves under waterlogged condition may be attributed to reduced 
uptake of phosphorus due to anaerobiosis (Drew and Lynch, 1980), 
impaired root functioning (Trought and Drew, 1980), and lack of 
energy for ion uptake (Barrett-Lennard et al., 1990). Similar results 
were also reported for waterlogged wheat (Steiger and Feller, 1994; 
Singh and Setter, 2017), sorghum (Maranville et al., 1986) and 
cotton (Board, 2008).

The vacuole and the cytosol are considered as major K 
reservoirs in plant cell. Maintenance of constant cytosolic K 
concentration is essential for normal plant metabolism. The 
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Table 4: Correlation between percent reduction in cane weight and concentration of different elements under waterlogged treatment

1 2 3 4 5 6 7 8 9 10 11

1. Reduction in 1.000
cane weight (%)
2. N (%)  -0.589 1.000
3. P (%) -0.552 0.658* 1.000
4. K (%) -0.808* 0.626* 0.617* 1.000
5. S (%) -0.697* 0.298 0.103 0.448 1.000
6. Na (ppm) -0.347 0.432 0.031 0.289 0.350 1.000
7. Fe (ppm) 0.062 0.437 0.018 -0.131 0.220 0.420 1.000
8. Al (ppm) 0.315 0.433 -0.050 -0.140 -0.310 0.013 0.545 1.000
9. Mn (ppm) 0.062 0.010 0.264 -0.118 -0.002 -0.074 0.252 -0.260 1.000
10. Zn (ppm) -0.307 0.279 0.220 0.221 0.214 0.069 -0.267 0.116 -0.608* 1.000
11. Cu (ppm) -0.093 0.463 0.241 -0.184 -0.021 0.119 0.379 0.427 0.303 0.040 1.000

*indicates significant at 5% level of probability

in control and showed a decrease of about 45%. There was a 
significant inverse correlation between leaf sulphur concentration 
and reduction in cane weight of genotypes under waterlogging (r 
= -0.697) suggesting that leaf sulphur concentration has role in 
explaining the cane weight reduction caused by waterlogging 
(Table 4). The sulphate assimilation and reduction takes place in 
the leaves. Waterlogging causes leaf chlorosis and it has been 
reported that sulphur assimilation genes including sulfite 
reductase are down regulated in leaves under waterlogged 
condition (Christianson et al., 2010). This may be one of the 
possible reasons for severe decrease in leaf sulphur concentration 
during waterlogging. Similar decrease in sulphur concentration 
under waterlogging has been also observed in cotton (Conaty et al., 
2008; Milroy et al., 2009), wheat (Khabaz-Saberi et al., 2006; 
Singh and Setter, 2017) and soybean (Board, 2008). 

A considerable increase of 15.1% to 78.6% was recorded 
in the leaf Na concentration of sugarcane genotypes after 
exposure to waterlogging stress (Table 5). The leaf Na content in 
control ranged from 700 to 900 ppm, which increased to the level 
of 960 to 1250 ppm under waterlogging (Table 3). Among the 
genotypes evaluated, BO 91, CoLk 07201and CoLk 12204 
showed higher increases in leaf Na concentration due to 
waterlogging as compared to other genotypes. The mean effect of 
waterlogging and genotype was found significant (Table 1). The 
leaf Na concentration did not show any correlation with  reduction 
in cane weight under waterlogging (Table 4). Similar to our 
results, significant increase in leaf Na concentration was 
observed during waterlogging in wheat (Khabaz-Saberi et al., 
2006; Singh and Setter, 2017a).

Under waterlogged condition, depolarization of hypoxic 
root plasma membrane does not inhibit uptake of Na ions; indeed 
facilitates more entry of Na ions via non selective cation channels; 

+while limited H -ATPase activity decrease the  active Na 
exclusion across the plasma membrane and results in 
accumulation of Na ions in roots (Shabala and Mackay, 2011). 
This may be the reason for increased leaf Na concentration of 

higher K uptake plays an important role in osmotic adjustment by 
maintaining cell turgor. However, K deficiency intensifies the 
adverse effects of waterlogging by disturbing the water balance of 
plants. Similar to nitrogen and phosphorus, a significant decline 
was apparent in leaf K concentration under waterlogging (Fig. 3). 
The values for leaf K in control ranged from 1.29% to 1.60%, while 
in waterlogging from 0.70% to 1.12%. An average decrease of 
31.2% was recorded in  leaf K concentration under waterlogging. 
(Table 3). The genotypes CoJ 64, CoLk 12204 and A-27-12 
showed relatively more reduction in leaf K concentrations under 
waterlogged condition. CoJ 64 with lowest leaf K concentration 
(0.70%) showed highest reduction in cane weight (32.3%) under 
waterlogging, while A-46-11 having highest leaf K concentration 
(1.12%) showed lowest reduction in cane weight (5.3%).

A significant inverse correlation (r = -0.808) was found 
between leaf K concentration and reduction in cane weight of 
genotypes under waterlogging (Table 4). This suggests that 
genotypes with higher leaf K concentration have less cane weight 
reduction under waterlogging. The waterlogging induced 
decrease in leaf K are most likely attributable to the effects of 
anaerobiosis on uptake mechanisms of roots (Trought and Drew, 
1980 and 1980a). Other possible factors include hypoxia/ anoxia 
induced membrane depolarization (channel opening), changes in 
non-specific membrane permeability to K and loss of K through 
ROS-activated channels (Shabala et al., 2014). The results are in 
agreement with previous work in sugarcane (Singh et al., 2019) 
and wheat (Singh and Setter, 2017).

Waterlogging markedly reduced the leaf sulphur 
concentration of sugarcane genotypes (Fig. 4). Under control 
condition, the leaf S concentration of genotypes varied from 0.18 
to 0.27% which decreased to the tune of 0.08 to 0.15% under 
waterlogging (Table 3). The values for leaf S content under 
waterlogging were in normal range for the genotypes CoLk 
94184, BO 91, CoS 767 and LG 04439 while values for other 
genotypes were in deficient range. The mean leaf sulphur 
concentration in waterlogging was 0.12% as compared to 0.22% 
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Fig. 1: Leaf tissue nitrogen concentration in sugarcane genotypes under control and waterlogged conditions (after 60 days of waterlogging imposed at 
120 days crop age). Capped lines on bars represent standard error of means of three replicates. The horizontal dashed line indicate the critical deficiency 
level of N (1.80 %).

Fig. 2: Leaf tissue phosphorus concentration in sugarcane genotypes under control and waterlogged conditions (after 60 days of waterlogging imposed 
at 120 days crop age). Capped lines on bars represent standard error of means of three replicates. The horizontal dashed line indicate the critical 
deficiency level of P (0.19 %).

sugarcane genotypes during waterlogging. It is also suggested 
that retrieval of Na from anoxic stele to aerobic cortex might also 
be responsible for enhanced Na transport towards the shoot 
under waterlogging (Colmer and Greenway, 2011).

Waterlogging caused a significant increase in leaf Fe, Al 
and Mn concentration of sugarcane genotypes (Table 5). The 
mean leaf Fe, Al and Mn concentration in control and 

waterlogging treatments was 184 ppm and 278 ppm, 107 ppm 
and 177 ppm, and 49.4 ppm and 61.9 ppm, respectively (Table 3). 
There was an average increase of 51% in Fe, 65% in Al and 25% 
in Mn content under waterlogged condition. As far as genotypic 
response was concerned, the highest increase in leaf Fe 
concentration was found in BO91 (95.5%), while LG03040 
(31.5%) showed lowest increase. The highest increase in leaf Al 
content under waterlogging was observed in A-27-12 (131.7%) 
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Fig. 3: Leaf tissue potassium concentration in sugarcane genotypes under control and waterlogged conditions (after 60 days of waterlogging imposed at 
120 days crop age). Capped lines on bars represent standard error of means of three replicates. The horizontal dashed line indicate the critical deficiency 
level of potassium (0.90 %).

Fig. 4: Leaf tissue sulphur concentration in sugarcane genotypes under control and waterlogged conditions (after 60 days of waterlogging imposed at 
120 days crop age). Capped lines on bars represent standard error of means of three replicates. The horizontal dashed line indicate critical deficiency 
level of sulphur (0.13 %).
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and lowest in CoS 767 (32.7%). In case of Mn content, the highest 
and lowest increase were recorded in CoLk 07201(49.7%) and 
CoS 767 (10.6%), respectively. There was little or no correlation 
between leaf Fe, Al and Mn concentration with reduction in cane 
weight under waterlogging (Table 4). This indicates that increase 
in concentration of these elements under waterlogging do not 

have any role in explaining the waterlogging induced reduction in 
cane weight. Waterlogging causes a series of chemical and 
microbial changes in soil leading to the reduction of iron, 
manganese and aluminium ions which increases the availability 
of these elements in soil (Yaduvanshi et al., 2012; Ma et al., 2003; 
Rangaswamy, 2004). This may be the reason for increased 
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concentration of these elements in the leaf of sugarcane 
genotypes in waterlogging treatment. Similar to above results, a 
high to toxic level increase in Fe, Al and Mn concentrations have 
been reported in wheat (Khabaz-Saberi et al., 2006; Singh and 
Setter, 2017 and 2017a) and maize (Srivastava et al., 2010) 
under waterlogged condition.

The leaf Zn and Cu concentration of sugarcane 
genotypes declined significantly under waterlogging (Table 5). 
The leaf Zn concentration in control ranged from 32.3 ppm to 44.1 
ppm while in waterlogging from 22 ppm to 30.2 ppm (Table 3). 
There was a decrease of 14.4% (CoS 767) to 44.6% (LG0 4439) 
in leaf Zn concentration under waterlogging relative to control, 
however the values for leaf Zn under waterlogging were in 
sufficiency range for all genotypes. The leaf Cu concentration of 
sugarcane genotypes dropped by 16.9% (BO 91) to 35.6% (LG 
03040) under waterlogging. The mean leaf Cu concentration was 
7.19 ppm in control and 5.37 ppm in waterlogging. The values for 
leaf Cu content under both control and waterelogging treatments 
were in normal range for all the genotypes. There was non 
significant correlation between leaf Cu and Zn concentration, and 
cane weight reduction under waterlogging (Table 4). The results 
of present experiment show that despite of significant reduction in 
concentration of leaf Zn and Cu under waterlogging, the values 
for both elements were not in deficient range so they were not a 
limiting factor for cane growth under waterlogging. 

The low leaf Zn concentration observed in waterlogging 
may be partly ascribed to decreased availability of Zn due to its 
bonding to oxides and hydroxides of iron (Loneragan et al., 1979) 
and to free organic oxides and bicarbonates (Forno et al., 1975) in 
waterlogged soils. Low zinc uptake in waterlogged soils is also 
due to the co-precipitation of zinc with soluble iron and aluminium 
in the soil (Sadeghzadeh, 2013). Decreased Zn and Cu 
concentration due to waterlogging has been also reported in 
wheat (Khabaz-Saberi et al., 2006; Tarekegne et al., 2000). 
Huang et al. (1995) reported higher reduction in shoot Zn 
concentration of sensitive genotypes than tolerant genotypes of 
wheat under waterlogging. Similarly significant variations 
among sorghum genotypes were found for Cu and Zn 
concentrations in waterlogged soil. A reduction of more than 
50% was found in Cu concentration of sorghum genotypes in 
response to waterlogging (Maranville et al., 1986). The interaction 
between waterlogging x genotype was significant for leaf P, S, Na, 
Fe, Al and Zn (Table 1), which indicates that genotypes varied 
differentially for these nutrients under waterlogged conditions. 
However, a non-significant interaction between waterlogging x 
genotype was detected for leaf N, K, Mn and Cu. 

The results of present experiment demonstrate that 
waterlogging significantly decreased the leaf N, P, K, S, Zn and Cu 
concentrations, and increased the leaf Fe, Al, Mn and Na 
concentrations  of sugarcane genotypes. The extent of decrease 
in leaf N and S was more under waterlogging and values for these 
elements dropped below their reported critical deficiency levels. A 
significant inverse correlation was found between leaf K and S 

concentrations, and reduction in cane weight under waterlogging 
suggesting that the genotypes with ability to maintain high leaf K 
and S concentrations under waterlogging have relatively less 
cane weight reduction. The increase in the leaf Fe, Al, Mn and Na 
concentration during waterlogging did not show any correlation 
with waterlogging induced reductions in cane weight. Thus, 
nutrient deficiencies rather than excess of elements were 
recognized as a major cause for reduction in cane weight of 
sugarcane under waterlogging. 

Acknowledgment

The authors thank the Director, ICAR- Indian Institute of 
Sugarcane Research, Lucknow for funding and facilities provided 
for the present work.

Add-on Information

Authors’ contribution: S.P. Singh: Conceived and desined the 
paper; and

and
and

Research content: The research content of manuscript is 
original and has not been published elsewhere.

Ethical approval: Not applicable.

Conflict of interest: The authors declare that they have no 
conflict of interest. 

Data from other sources: Not applicable.

Consent to publish: All authors agree to publish the paper in 
Journal of Environmental Biology.

References

S. Singh: Data analysis; R. Jain: Wrote  edited the 
paper; A.D. Pathak: Wrote  edited the paper; N. Pandey: 
Wrote  edited the paper.

Funding: The funding to carry out the present research work was 
provided by ICAR-Indian Institute of Sugarcane Research, 
Lucknow.

Anderson, D.L. and J.E Bowen: Sugarcane Nutrition. Publisher Potash 
and Phosphate Institute, Atlanta, GA, 39 pages (1990).

Armstrong, J. and W. Armstrong: An overview of the effects of 
phytotoxins on Phragmites australis in relation to die-back. Aquat. 
Bot., 69, 251–268 (2001).

Armstrong, W. and M.C. Drew: Root growth and metabolism under 
rdoxygen deficiency. In: Plant Roots: The Hidden Half. 3  Edn., New 

York and Basel: Marcel Dekker, pp. 729–761(2002).
Barrett-Lennard, E.D., N. Davidson and R. Galloway: Plant growth and 

survival in saline, waterlogged soils. W.A.J. Agricul., 31, 56-
57(1990).

Board, J.E.: Waterlogging effects on plant nutrient concentrations in 
soybean. J. Plant Nutr., 31, 828–838 (2008).

Chesnin, L. and C.H. Yien: Turbidimetric determination of available 
sulphates. Proc. Soil. Sci. Soc. Am., 14, 149- 151 (1950).

Christianson, J.A., D.J. Llewellyn, S.D. Elizabeth and W.W. Iain: Global 



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, January 2023¨

43S.P. Singh et al.: Changes in leaf element concentrations in sugarcane under waterlogging

gene expression responses to waterlogging in roots and leaves of 
cotton (Gossypium hirsutum L.). Plant Cell Physiol., 51, 21–37 
(2010).

Colmer, T.D. and H. Greenway: Ion transport in seminal and adventitious 
roots of cereals during O  deficiency. J. Exp. Bot., 62, 39–57 2

(2011).
Conaty, W.C., D.K.Y Tan, G.A. Constable, B.G. Sutton, D.J. Field and 

E.A. Mamum: Genetic variation for waterlogging tolerance in 
cotton. J. Cotton Sci., 12, 53-61 (2008).

Drew, M.C. and J.M. Lynch: Soil anaerobiosis, microorganisms and root 
function. Ann. Rev. Phytopathol., 18, 37–66 (1980).

Fiske, C.H. and Y. Subba Row: The colorimetric determination of 
phosphorus. J. Biol. Chem. 66, 375– 400 (1925).

Forno, D.A., S. Yoshida and C.T. Asher: Zinc deficiency in rice. I. Soil 
factors associated with the deficiency. Plant Soil, 42, 537-550 
(1975).

Gilbert, R.A., C.R. Rainbolt, D.R. Morris and A.C. Bennett: Morphological 
responses of sugarcane to long term flooding. Agron. J., 99, 
1622–1628 (2007).

Gilbert, R.A., C.R. Rainbolt, D.R. Morris and J.M. McCray: Sugarcane 
growth and yield responses to a 3-month summer flood. Agric. 
Water Manag., 95, 283–291(2008).

Glaz, B. and S.E. Lingle: Flood duration and time of flood onset effects on 
recently planted sugarcane. Agron. J., 104, 575–583 (2012).

Gomathi, R., K. Chandran, P.N.G. Rao and P. Rakkiyappan: Effect of 
waterlogging in sugarcane and its management. Published by The 
Director, Sugarcane Breeding Institute SBI-ICAR Coimbatore, 
Extension publication No: 185 (2010).

Gomathi, R., P.N.G. Rao, K. Chandran and A. Selvi: Adaptive responses 
of sugarcane to waterlogging stress: An overview. Sugar Tech., 17, 
325–338 (2015).

Gomez, K.A. and A.A. Gomez: Statistical Procedures for Agriculture 
Research. Wiley, New York (1984).

Greenway, H. and J. Gibbs: Mechanisms of anoxia tolerance in plants. II. 
Energy requirements for maintenance and energy distribution to 
essential processes. Funct. Plant Biol., 30, 999–1036 (2003).

Hamonts, K., T.J. Clough, A Stewart, P.W. Clinton, A.E. Richardson, S.A. 
Wakelin and M. O’Callaghan: Effect of nitrogen and waterlogging 
on denitrifier gene abundance, community structure and activity in 
the rhizosphere of wheat. FEMS Microbiol. Ecol., 83, 568–584 
(2013).

Huang, B., J.W. Johnson, D.S. Smith and D.C. Bridges: Nutrient 
accumulation and distribution of wheat genotypes in response to 
waterlogging and nutrient supply. Plant Soil, 173, 47-54(1995).

Humphries, E.C.: Mineral components and ash analysis. In: Modern 
Methods of Plant Analysis. Springer, Berlin, Vol. 1, pp. 468-502 
(1956).

Jaiphong, T., J. Tominaga, K. Watanabe, R. Suwa, M. Ueno and Y. 
Kawamitsu: Changes in photosynthesis, growth and sugar content 
of commercial sugarcane cultivars and Erianthus under flood 
conditions. Plant Prod. Sci., 20, 126-13 (2017).

Khabaz-Saberi, H., T.L. Setter and I. Waters: Waterlogging induces high 
to toxic concentrations of iron, aluminium and manganese in wheat 
varieties on acidic soil. J. Plant Nutr., 29,  899–912(2006).

Kozlowski, T.T.: Plant responses to flooding of soil. Biosciences, 34, 162-
167(1990).

Loneragan, J.F., T.S. Grave, A.D. Robson and K. Snowball: Phosphorus 
toxicity as a factor in zinc-phosphorus interactions in plant. Soil 
Sci., 54, 463-473(1979).

Ma, G., P. Rengasamy and A.J. Rathjen: Phototoxicity of aluminium to 
wheat plants in high pH solutions. Aust. J. Exp. Agr., 43, 497–501 
(2003).

Manoharan, M.L., K. Duraisamy, S.V. Krishnamurthy, H. Vijayaraghan 
and K. Muthkrishnan: Performance sugarcane varieties in 
waterlogged condition. Maharastra Sugar, 15, 39–45 (1990).

Maranville, J.W., D.A. del Rosario, S.A. Dalmacio and R.B. Clark: 
Variability in growth and nutrient accumulation in sorghum grown in 
waterlogged soil. Commun. Soil Sci. Plant Anal., 17, 1089-1108 
(1986).

McCray, J.M. and R. Mylavarapu: Sugarcane nutrient management 
using leaf analysis. Gainesville: University of Florida Institute of 
Food and Agricultural Sciences. SS-AGR-335. http://edis.ifas.ufl. 
edu/ag345 (2010).

thMengel, K. and E. Kirkby: Principles of Plant Nutrition. 5  Edn., Kluwer 
Academic Publishers, Dordrecht, The Netherlands (2001).

Milroy, S.P., M.P. Bange and P. Thongbai: Cotton leaf nutrient 
concentrations in response to waterlogging under field conditions. 
Field Crops Res., 113, 246–255 (2009). 

Musgrave, M.E. and N. Ding: Evaluating wheat cultivars for waterlogging 
tolerance. Crop Sci., 38, 90–97(1998).

Ponnamperuma, F.N.: Effects of flooding on soils. In: Flooding and Plant 
Growth (Ed.: T.T. Kozlowski). Academic Press, London, pp. 9-45 
(1984).

Rengasamy, P.: Combating subsoil constraints in sodic soils. In 
International Conference of Sustainable Management of Sodic 
Lands, pp. 39–40 (2004).

Resen, C.J. and R.M. Carlson:  Influence of root zones oxygen stress on 
potassium and ammonium absorption by Myrobalan plum 
rootstock. Plant Soil, 80, 345-353 (1984).

Sadeghzadeh, B.: A review of zinc nutrition and plant breeding. J. Soil 
Sci. Plant. Nutr., 13, 905-927(2013).

Setter, T. and B. Belford: Waterlogging: How it reduces plant growth and 
how plants can overcome its effects. J. Dep. Agric. West. Aust. 
Ser., 4, 51–55(1990).

Setter, T.L. and I. Waters: Review of prospects for germplasm 
improvement for waterlogging tolerance in wheat, barley and oats. 
Plant Soil, 253, 1–34 (2003).

Setter, T. L., I. Waters, S.K. Sharma , K.N. Singh, N. Kulshreshtha, N.P. 
Yaduvanshi, P.C. Ram, B.N. Singh, J. Rane, G. McDonald, H. 
Khabaz-Saberi, T.B. Biddulph, R. Wilson,  I. Barclay, R. McLean 
and M. Cakir: Review of wheat improvement for waterlogging 
tolerance in Australia and India: the importance of anaerobiosis 
and element toxicities associated with different soils. Ann. 
Bot.,103, 221-235 (2009). 

Shabala, S. and A. Mackay: Ion transport in halophytes. Adv. Bot. Res., 
57, 151–187 (2011).

Shabala, S., L. Shabala, J. Barcelo and C. Poschenrieder: Membrane 
transporters mediating root signalling and adaptive responses to 
oxygen deprivation and soil flooding. Plant Cell Environ., 37, 2216-
2233 (2014).

Sharma, D.P. and A. Swarup: Effect of short-term flooding on growth, 
yield and mineral composition of wheat on sodic soil under field 
conditions. Plant Soil, 107, 137–143 (1988).

Singh, S., S.P. Singh, A.D. Pathak and N. Pandey: Assessment of 
waterlogging induced physio-biochemical changes in sugarcane 
varieties and its association with waterlogging tolerance. J. 
Environ. Biol., 40, 384-392 (2019).

Singh, S.P. and T.L. Setter: Effect of waterlogging on element 
concentrations, growth and yield of wheat varieties under farmer’s 
sodic field conditions. Proc. Natl. Acad. Sci. India Section B Biol. 
Sci., 87, 513–520 (2017).

Singh, S.P. and T.L. Setter: A survey of element toxicities in wheat grown 
in naturally waterlogged farmer's sodic fields of Eastern Uttar 
Pradesh, India. J. Plant Nutr., 40, 747-753 (2017a).



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, January 2023¨

Solomon, S., R. Jain, A. Chandra, S.K. Shukla, R.J. Lal, V.K. 
Venugopalan, K. Nitya, S.K. Holkar, M.R. Singh, B. Prakash and 
M. Ashfaque: Sugarcane: A voyage from sett to sweeteners. Indian 
Institute of Sugarcane Research, Lucknow, Uttar Pradesh, pp. 4-7 
(2014).

Srivastava, J.P., P. Singh, V.P. Singh and R. Bansal: Effect of 
waterlogging on carbon exchange rate stomatal conductance and 
mineral nutrient status in maize and pigeon pea. Plant Stress, 4, 
94-99 (2010).

Stepniewski, W. and G. Przywara: The influence of soil oxygen 
availability on yield and nutrient uptake (N, P, K, Ca, Mg, Na) by 
winter rye (Secale cereal). Plant Soil, 143, 267-274 (1992).

Stieger, P.A. and U. Feller: Nutrient accumulation and translocation in 
maturing wheat plants grown on waterlogged soil. Plant Soil, 160, 
87-95 (1994).

Tarekegne, A., A. Bennie and M. Labuschagne: Effects of soil 
waterlogging on the concentration and uptake of selected nutrients 

in wheat genotypes differing in tolerance. In: The Eleventh 
Regional Wheat Workshop for Eastern, Central and Southern 
Africa, Addis Abeba, Ethiopia, pp. 253-263 (2000).

Trought, M.C.T. and M.C. Drew: The development of waterlogging 
damage in wheat seedlings (Triticum aestivum L.). II. 
Accumulation and redistribution of nutrients by the shoot. Plant 
Soil., 56, 187–199 (1980).

Trought, M.C.T. and M.C. Drew: The development of waterlogging 
damage in young wheat plants in anaerobic solution cultures. J. 
Exp. Bot., 31, 1573–1585 (1980a).

Viator, R.P., Jr. P.M. White, A.J. Hale and H.L. Waguespack: Screening 
for tolerance to periodic flooding for cane grown for sucrose and 
bioenergy. Biomass Bioenerg., 44, 56–63 (2012).

Yaduvanshi, N., T. Setter, S. Sharma, K. Singh and N. Kulshreshtha: 
Influence of waterlogging on yield of wheat (Triticum aestivum), 
redox potentials, and concentrations of microelements in different 
soils in India and Australia. Soil Res., 50, 489–499 (2012).

S.P. Singh et al.: Changes in leaf element concentrations in sugarcane under waterlogging44


	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46

