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Abstract: 

The National Commission on Agriculture assessed in 1976 that an area of about 6.0 million hectare was 

waterlogged in the country. A screening technique known as ‗cup method‘ was standardized and used for 

screening of soybean genotypes for tolerance to water logging conditions. Observation shows percent increase in 

plant height and per cent reduction in dry weight were taken as control for screening genotypes with 

comparatively better performances. Based on these values, few genotypes viz., showed relatively better tolerance 

among the genotypes under study, which can be used in breeding programme for the development of water 

logging tolerant varieties. Fifty soybean genotypes including popular varieties, germplasm lines and breeding 

lines were screened with this method for the assessment of their response to artificially created water logging 

conditions. 

Key words: Cup method, germplasm, tolerance, screening, water logging, and breeding. 

 

INTRODUCTION: 

Agriculture continues to draw a major share (90%) of available water resources and the demand is likely to 

increase further [1]. MP has a unique distinction of having more than 87% soybean (Glycine max) [2] area of the 

country and is rightly designated as Soya State. Soybean is one of the major kharif crop in the rainfed agro 

ecosystem of central and peninsular India. The state Madhya Pradesh contributes 60% of the total area under 

soybean production in the country. Growing health consciousness on nutrition and export value of de-oiled cake 

from soybean has made crop potential for further expansion both horizontally and vertically. Soybean is an 

important oilseed crop cultivated under varying agro-climatic conditions across India. The crop is also visualized 

as future energy crop for the production of bio-diesel, an eco-friendly usage to meet the fuel energy requirements 

in several countries. Rapid growth of soybean in terms of area and production has resulted in crop exposed to 

many biotic and abiotic stresses. Along with drought, Salinity and nutrient deficiency, prolonged flooding due to 

heavy rains and low infiltration rate of the soils in which crop is grown (Vertisols), severely reduces the 
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productivity of soybean in some of the major crop growing regions of India [3]. The National Commission on 

Agriculture assessed in 1976 that an area of about 6.0 million hectare was waterlogged in the country. Out of 

this, an area of 3.4 million hectare was estimated to be suffering from surface water stagnation and 2.6 million 

hectare through rise in water table. The Ministry of Agriculture estimated in 1984-85 that an area of 8.53 m ha 

was suffering from the problem of waterlogging including both irrigated and unirrigated areas. At present, as 

much as 40 per cent of irrigated area suffers from excess soil moisture conditions in India [4]. 

In water logged conditions the diffusion of gases is hampered thus restricting the roots to absorb available 

oxygen. Turbid flood water becomes anaerobic especially during night .Thus the plant growth is inhibited due to 

hypoxia or anoxia, finally leading to plant death. Soybean yields can reduce drastically due to water logging. 

Moreover, flooding during early vegetative (V2) and early reproductive (R1 to R3) stages is more damaging to 

seed yield than during other stages.[5] Plants adapted to water logged conditions, have mechanism to cope with 

this stress, such as aerenchyma formation, increased availability of soluble sugars, greater activity of glycolytic 

pathway and fermentation enzymes and involvement of antioxidant defence mechanism to cope with the post 

hypoxia/anoxia oxidative stress. Water logging tolerance is a complex trait conferred by many physiological 

mechanisms and complicated by confounding factors such as temperature, plant developmental stage, nutrient 

availability, severity of water logging stress, soil physical properties, etc.[6] Therefore, to overcome the losses on 

account of water logging, it is imperative to evaluate and identify genetic sources possessing relative 

tolerance/resistance to such conditions. Field trials conducted for screening genotypes for flooding tolerance are 

very difficult to manage, but they can be screened under simulated conditions. Thus, we have developed an easy 

method for this purpose, which was standardized so that a number of lines could be screened anytime depending 

upon need of the hour [7]. 

 

SOILS OF MADHYA PRADESH  

Soils of Madhya Pradesh vary as per the structure, colour, texture and composition in the different 

regions. Madhya Pradesh is that part of the peninsular plateau of India where residual soils are found in an 

extensive area. The rock formation determines the soil structure and composition in this state. Madhya Pradesh 

comprises of a variety of soils ranging from rich clayey to gravelly [8]. The major groups of soils found in the 
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state can be divided into five major categories namely:- Alluvial Soil, Black Soil or Regur Soil (medium and 

deep black, shallow and medium black, mixed red and black coloured), Clayey Soil, Mixed Soil Red and Yellow 

Soil. Soils of Madhya Pradesh [9] Medium and deep black coloured soil is extensively found it is distributed are 

nearly 47.6 percent of the land of Madhya Pradesh [10].  

Such soils mainly consist of Iron and lime rocks. The presence of Iron gives it the Black colour and the 

presence of lime increases its moisture retention capacity therefore needs less irrigation. Cotton and soya bean 

are most suitable crops to be grown in such soil. The quantity of Calcium, Magnesium, Aluminum, Iron, 

Potassium and Magnesium Carbonate is more in black soil but it lacks in Nitrogen, Phosphorous and Carbonic 

elements [11].  

MATERIAL AND METHOD 

The aim of this study was to regulate the protocol for screening genotypes for water logging stress over a 

period of time, as well as to evaluate the available soybean genotypes for their response to artificially induced 

flooding conditions[12]. Thus, we have selected 50 soybean accessions including varieties and germplasm lines 

were evaluated using ‗cup method‘(Table 1). In this method plants were grown in 10 cm x 10 cm pots with one 

plant per pot. Each genotype was replicated four times. Plants in the control treatment were watered normally to 

maintain stress free normal growth[13]. At the end of the flooding treatment, pots were drained and plants were 

allowed to continue normal growth and recovery up to maturity. Data was recorded for days to flower initiation, 

days to maturity, plant height and dry matter weight.[14]  

Percent increase in plant height in controlled and water logged treatment was calculated as:[25]  

Percent increase in height = (height at R4 - height at V5)/ height at R4 x 100. 

 Another dependent variable ―percent reduction in dry weight was calculated according to the formula[18]:  

Reduction in dry weight = (control - flooding)/control x 100. 

These two traits were taken as criteria for screening genotypes with comparatively better performances. 

RESULTS AND DISCUSSION 

A vast variety of variation was observed among the genotypes in treatment plot for plant height which 

angled from - 3.41 to 36.52 compared to the genotypes of control plot, in which value ranged rom 1.05 to 

26.51[15]. It is clear that there were genotypes for which there was a reduction in plant height (Pusa 40 with per 
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cent increase of - 3.41%), while there was also a significant increase of 36.52 per cent (Bhatt) and this has 

overcome the increase in height of genotypes from control plot (Fig. 1). The average per cent increase in height 

for control plot was 7.54 per cent, whereas it was 8.02 per cent for treatment plot (Table 2).[17] It means that 

most of these genotypes under water logged conditions are capable of maintaining, even surpassing the plant 

height to that under controlled conditions. Reduced plant growth due to water logging was also observed in 

tomato [21]. All of these plant species showed growth reduction to varying extents in waterlogged conditions. 

SOYBEAN YIELD CAPACITY ON FIELD:  

There were significant difference for days to flowering initiation and days to maturity for the genotypes 

under controlled as well as flooding conditions[19]. However, the average maturity for genotypes under flooding 

condition (97 days) was reduced than that of genotypes under controlled condition (98 days) (Table 2) (Fig. 2). 

Though the reduction is less, but it still reflects in the individual genotypes under both controlled and flooding 

conditions. The explanation behind this tendency is well given by Drew and Sisworo[22]. The nitrate uptake 

from soil is arrested due to microbial denitrification and damage to uptake mechanism (resulting from absence of 

oxygen), resulting the younger leaves takes nutrition from older leaves leading to premature senescence [23]. 

Dry matter weight was also considered as a criterion to distinguish genotypes for their response to 

flooding conditions. The average dry matter for control was 7.7 g, whereas for flooding treatment it was 5.35 g 

(Table 2). Therefore, the average dry matter reduction was found to be 30.5 per cent in flooding treatment. 

Overall reduction in dry weight was found to be in the range of 7.69 to 77.8 per cent, with lowest reduction in 

MACS 450 and highest reduction in PK 472 (Fig. 3). However, there were genotypes with no reduction in dry 

weight at all. Thus, the dry matter either reduced or remained unchanged[24], but never increased over control 

treatment. This shows that there was lot of variation among genotypes for their response to flooding treatment on 

dry matter.[23] Reduction in biomass yield in flooded genotypes and suggested that this was all due to reduced 

level of N2 accumulation during flooding conditions. Any limiting resource, availability within the plant 

decreases with distance from the site of uptake. This implies that under nutrition deficits, shoots are more starved 

than roots and decrease photosynthesis and overall dry matter accumulation, leading to reduction in dry weight. 

The present study for standardizing screening protocol and evaluating soybean for water logging 

conditions demonstrated that the pot experiments under ‗cup method‘ whether conducted on season or off-
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season can be used as a tool to screen a large number of genotypes with much ease as compared to under field 

trials. This method can save time as well as space while conducting screening trials. With the use of this 

procedure, the results obtained indicated that there was a significant variation for the tolerance of genotypes to 

flooding conditions. Out of fifty, few genotypes were showing better performance and these five genotypes viz., 

JS 95-60, JS 97-52, Bhatt, Cat 3299 and JS 93-05 were considered superior over the rest of genotypes for their 

performance under water logging conditions. 
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Table 1. List of genotypes used for waterlogging screening (cup method) 

S.No Genotype  S.No Genotype 

1.  Ankur 26.  JS 71-05 

2.  Bhatt 27.  JS 93-05 

3.  Cat 198 28. JS 2 

4.  Cat 2718   29. JS 76-205   
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5.  Cat 3299   30. JS 80-21 

6.  JS 90-41 31. JS 79-81 

7.  JS 97-52 32. PUSA 40 

8.  JS 335 33. PUSA 16 

9.  JS 95-60 34. PUSA 97-12 

10.  JS 20-29 35. PUSA 98-14 

11.  JS 20-36 36. PK 262 

12.  JS 20-38 37. PK 472 

13.  JS 20-69 38. PS 1024 

14.  JS 20-77 39. PS 1042 

15.  MAUS 17   40. PS 564 

16.  MAUS 26-1 41. MAUS 2 

17.  MAUS 47   42. MAUS 32 

18.  MAUS 59-1-1 43. MAUS 61-2 

19.  MAUS 199 44. MAUS 61 

20.  MAUS 423 45. MAUS 81 

21.  MAUS 449 46. NRC 2 

22.  MAUS 608 47. NRC 12 

23.  MAUS 704 48. MACS 450 

24.  NRC 7 49. MACS 58 

25.  NRC 37  50. RKS 18 
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Fig. 1. Plant height for different genotypes under control and flooding conditions 

 

Table 2. Average values for different characters under different treatments 

Treatment Plant height 

(% increase) 

Days to maturity (No) Dry weight (g) 

Control 7.40 95 6.7 

Flooding 8.02 97 5.10 
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Fig. 2. Days to maturity for different genotypes under control and flooding conditions 

 

 

Fig. 3. Dry weight for different genotypes under control and flooding conditions 
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