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Field experiments were conducted for three consecutive Rabi seasons during 2006 to 2009 to find
out the effect of native soil salinity on yield, bio-chemical constituents of sweet potato at three
locations in Orissa and West Bengal in a participatory mode under varied soil textural groups of
coastal saline soils in order. Out of 15 genotypes of sweet potato, CIP-440127 found superior and
produced significantly highest mean tuber yield (12.69 & 15.12 t ha-1) and highest mean vine yield
(13.23 & 13.70 t ha-1) in saline sandy loam soils of Odisha. The variety Samrat performed better with
highest mean tuber and vine yields of 16.51 and 16.55 t ha-1, respectively in saline silty loam soils at

Canning, West Bengal. However, the varieties like Gouri, Sankar, and Sourin found susceptible to

salinity in all the locations and showed lowest tuber and vine yields. Significantly highest mean

starch content (22.90 & 23.82 %) was recorded by Kishan in both the locations of Odisha, whereas

Kalinga has recorded highest starch (21.39 %) at West Bengal. Highest amount of total sugars (3.93

& 3.84 %) were observed in CIP-SWA-2 at both the locations of Odisha, while CIP-187017-1 at West

Bengal (4.02 %). Among the genotypes, Kishan and Kalinga recorded highest dry matter (29 - 34%).

Significantly highest total uptake of N, P, and K was observed in Pusa Safed, Kishan, CIP-440127

and Samrat. The results revealed that the genotypes Samrat, Pusa Safed, CIP-440127, Kishan and

CIP-440038 of sweet potato were found tolerant to moderate salinity up to 6 - 10 dSm-1 by producing

sustainable crop yields with good quality tubers and it offers good scope for food and nutritional
security in the coastal saline soils of eastern India.
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Salinity stress negatively impacts agricultural

yield throughout the world affecting production

whether it is for subsistence or economic gain. The

plant response to salinity consists of numerous

processes that must function in coordination to

alleviate both cellular hyperosmolarity and ion

disequilibrium (Yokoi et al., 2002). In addition, crop

plants must be capable of satisfactory biomass

production in saline environment (yield stability).

Tolerance and yield stability are complex genetic

traits that are difficult to establish in crops since

salt stress may occur as a catastrophic episode, be

imposed continuously or intermittently, or become

gradually more severe, and at any stage during

development. Soil salinity is a serious problem for

agriculture in coastal regions, wherein salinity is

temporal in nature and having immense agronomic

significance and needs suitable interventions for

sustainable crop production (Tripathi et al., 2007).

It has been estimated that about one billion

hectares of land is affected by salinity, 60% of which

is cultivated (Goyal et al., 2003). India has a total

coastline of about 8,129 km and the salt affected

soils occupy 9.38 Mha, out of which around 5.5 Mha

are saline soils including 3.1 Mha of coastal saline

soils (constitute 30 per cent of the total salt affected

soils of the country) and 3.88 Mha alkali soils (IAB,

2000). These coastal saline soils have been formed

by marine, estuarine and lacustrine deposits and

their interactions as well as inundation of sea water,

use of saline ground water for irrigation and rise of

saline ground water by capillary action during winter

and summer months. Coastal saline soils are rich

in soluble salts of chloride and sulphates in

conjunction with Na and Mg, but acidic in reaction,

which could be reclaimed by application of lime that

replaces some of the exchangeable Na+ or H+ by Ca++.

Salt content of these soils is generally low i.e. 2 - 3

dSm-1 during rainy season due to dilution effect of

heavy rains and it rises > 10 dSm-1 during summer.

During monsoon a build-up of subsoil salinity

occurs due to high ground water table under low

lying situations. The pH of these soils varied from

5.0 - 8.0 with a conductivity of 10 - 40 dSm-1 and

exchangeable Na dominated by 18 - 27 % followed

by Mg and Ca.
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Saline soils are characterized by stresses due

to poor physico-chemical, and biological properties

ascribed to high pH and salinity, restrict the

productivity of crops. Excess salts interfere with

plant nutrition by affecting nutrient availability,

uptake, or their physiological role within the plant.

Selection of suitable crops, and efficient genotypes

are viable options for sustainable crop production

in saline soils besides other management practices

like land ploughing, levelling, flushing, draining of

excess water, application of amendments, and

flooding with good quality irrigation water. Salt

stress hampers the rice productivity in kharif as

well as it will not allow to grow pulses and other

sensitive crops during rabi season. The osmotic stress

due to salts is the major reason for low biological

activity, which can be significantly influenced by

application of organic amendments and growing of

salt-tolerant crops/cultivars. The relative tolerance of

different crops to sodicity and salinity has been

evaluated by many workers (Dagar, 2005).

Sweet potato is the fifth most important food

crop in developing countries where over 95% of

global sweet potato crop is produced and it offers

good scope for cultivation in low to moderate saline

conditions. Nearly half of the sweet potatoes

produced in Asia are used for animal feed whereas

most of the crop cultivated in Africa is used for

human consumption referring to its importance as

a staple and sustainable crop in that part of the

world (CIP, 2008). This highly nutritious crop gives

better and faster production under diverse agro-

ecological conditions with less inputs (Lim et al.,

2007) and has immense potential to combat food

shortage, malnutrition and poverty (CIP, 2008).

Despite the added advantages of production and

nutrition of sweet potato, its production is affected

by various biotic and abiotic stress factors (Guo et

al., 2006). Soil salinity is one of those factors that

limit sweet potato productivity and expansion of

cultivation in many parts of the world including

Africa where it is a staple food (Dasgupta et al.,

2008). Sweet potato varietal improvement against

salinity stress is necessary to improve its potential

as a food security and famine relief crop.

Sweet potato is nutritionally rich and contains

28.2 g carbohydrates, 2-4 g sugars, and 46, 25, 50,

337, 0.3, 0.8, 24, 0.7, 0.8 mg of Ca, Mg, P, K, Zn, Fe,

Vitamin C, Vit. B
3
, Vit. B

5
 and 11 µg Vit. B

9
 per 100 g

fresh tuber, respectively. It produces large amount of

fodder which can effectively be utilized for grazing of

milch cattle during summer months. The present

investigation was carried out in a participatory mode

at farmers’ fields in order to find out the salt tolerant

genotypes of sweet potato under natural saline

conditions to enhance the total farm productivity in

some of the coastal saline soils of eastern India.

MATERIALS AND METHODS

Field experiments were conducted for three

consecutive years (2006-07, 2007-08, 2008-09)

during rabi season to evaluate the sweet potato

genotypes for salt tolerance at two locations in

farmers’ fields at Chaulia village, Ambiki Gram

Panchayat, Erasama Block, Jagatsinghpur district

of Odisha and one location at the farm of the

Regional Research Station of Central Soil Salinity

Research Institute, Canning, South 24 Paraganas

district of West Bengal. Composite soil samples were

analyzed for pH, EC, organic C, available N, P, and

K by using standard procedures (Page et al., 1982).

The experimental soils of Erasama-1 and Erasama-2

are sandy loam, acidic (pH 5.53 & 5.07), saline (2.37

& 1.60 dSm-1), and having 0.53 & 0.50 % organic

C, 0.056 & 0.052 % total N, 114 & 135, 8.42 & 7.56

and 235 & 89 kg N, P, and K ha-1, respectively. The

experimental soil at Canning, West Bengal is silty

clay in texture, almost neutral (pH 6.23), and having

0.80 % organic C, 0.075% total N, and 261, 24.2

and 520 kg ha-1 of available N, P and K, respectively.

The trials were laid out with 15 varieties of sweet

potato (Gouri, Sankar, Samrat, Pusa Safed, Sree

Bhadra, Sree Nandini, Kalinga, Gautam, Sourin,

Kishan, ST-14, CIP-187017-1, CIP-440038, CIP-

SWA-2 and CIP-440127) in three replications in a

randomized block design. Farmyard manure

(containing 0.64, 0.26, and 0.48% N, P, and K,

respectively) was applied @ 5.0 Mg ha-1 well in

advance of planting. The vine cuttings were treated

with monocrotophos 35% EC before planting. An

uniform dose of N @ 75 kg ha-1 in the form of urea

in three equal splits at 0, 30 and 45 days after

planting (DAP), P
2
O

5
 @ 50 kg ha-1 as single super

phosphate at basal and K
2
O @ 75 kg ha-1 as muriate

of potash in two equal splits at 0 and 45 DAP were

applied. However, K was not added to saline soils

of West Bengal. Vine cuttings of different genotypes

were planted at a spacing of 60 x 20 cm. All the

cultural practices were followed as per schedule.

The crop was harvested at 120 DAP and yield

parameters like vine length, tubers per plant,

average tuber weight, tuber yield and vine yield were

recorded. Soil samples were collected at an interval

of 15 days during the crop growth period and
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analyzed for pH and salinity. It was observed that

the soil sanity (1:2 soil, water ratio) rose up to 6.53,

5.87 and 4.72 dS m-1 in all the three locations.

However, the pH showed an increasing trend with

the crop growth period.

Tubers were washed thoroughly and dry matter

was estimated. Total sugars were estimated in the

alcohol filtrate and the starch was determined in

the residue as per the procedure outlined by

Moorthy and Padmaja (2002). Tuber and vine

samples were processed and estimated total P and

K (Jackson, 1973). Tuber and vine samples were

digested in conc. H
2
SO

4
 and analysed for N content

by steam distillation (Humphries, 1956). Uptake of

N, P and K was computed by multiplying nutrient

content with respect to tuber and vine yields (dry

weight), computed the uptake of nutrients. The data

was analyzed statistically and computed critical

difference values for comparison and interpretation

of data.

RESULTS AND DISCUSSION

Tuber and vine yields

The results showed significant variations among

the sweet potato germplasm and some cultivars were

found salt tolerant based on plant growth

characters, percentage of survival and tuberous

roots formation. Among the germplasm, CIP-440127

recorded significantly highest mean tuber yield

(Table 1) in both the locations of Odisha (12.69 &

15.12 t ha-1). The other salt tolerant varieties at

Erasama-1 were found to be CIP-440038 (11.73 t

ha-1), Pusa Safed (10.75 t ha-1) and Kishan (10.49 t

ha-1) and Samrat (10.46 t ha-1) (Fig. 1). However the

salt tolerant varieties at another location of Odisha

have recorded a tuber yield of 12 - 15 t ha-1 by Pusa

Safed, CIP-440038, Kishan, and Sree Bhadra.

Significantly highest mean vine yield was recorded

by Kishan (Table 2 & Fig. 2) at both the locations of

Odisha (13.23 & 13.70 t ha-1) followed by Pusa Safed

(12.68 & 13.64 t ha-1) and Samrat (13.22 & 11.48

t ha-1). Out of 15 genotypes, Gouri, Sankar and

ST-14 showed very low tuber yields and vine yields

at both the locations of Odisha which ranged from

5 - 6 and 6 - 10 t ha-1 respectively, indicating that

these lines are sensitive to salinity.

Of all the varieties, Samrat was recorded

significantly highest mean tuber yield (16.51 t ha-1)

in silty loam soils of West Bengal (Table 1, Fig. 1)

followed by CIP-440038 (12.90 t ha-1), CIP-SWA-2

(12.75 t ha-1) and Sree Bhadra (12.09 t ha-1), while

the varieties like Sankar, Gouri, Sree Nandini and

Sourin showed lowest yield potential with a tuber

yield of 4.74, 4.81, 7.49 and 7.67 t ha-1, respectively.

However, the varieties Kishan, CIP-440127, and

Pusa Safed were found moderately tolerant to

salinity by producing a tuber yield of 10 - 12 t ha-1.

Significantly highest vine yield (t ha-1) was recorded

by Samrat (16.55) followed by Pusa Safed (15.49)

and Kishan (14.39), while it was lowest in Gouri

(7.19), Kalinga (8.42) and Sankar (8.91) (Table 2 &

Fig. 2). Though the initial salinity was not affected

the crop growth and establishment but the increase

of salinity levels during formation of tuberous roots

and tuber bulking stages severely affected by salinity

stress during summer months resulted in poor

performance of the crops. Some of the genotypes

are able to produce higher root biomass which could

be able to absorb soil moisture and nutrients from

surface as well as deeper layers and withstand for

shoot up of salinity levels due to the mechanisms

like minimizing evapotranspiration, balancing the

osmotic potential, stomatal conductance, expanded

leaf area, etc. Production of huge quantity of vine

yields in summer season could effectively been

utilized for milch cattle to enhance the milk

production.

Proximate composition

Significantly highest mean starch content

(22.90 & 23.82 %) was recorded by Kishan (Table 3)

Fig. 1. Mean tuber yield of sweet potato

genotypes in coastal saline soils

Fig. 2. Mean vine yield of sweet potato

 genotypes in coastal saline soils
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Table 1. Tuber yield (fresh weight, t ha-1) of sweet potato varieties in coastal saline soils

Genotype Erasama-1 Erasama-2 Canning

2006-07 2007-08 2008-09 Mean 2006-07 2007-08 2008-09 Mean 2006-07 2007-08 2008-09 Mean

1.   Samrat 8.03 7.13 16.23 10.46 10.76 14.32 10.09 11.72 10.17 16.18 23.17 16.51

2.   Gouri 1.70 5.13 8.41 5.05 3.30 8.10 4.18 5.20 1.85 6.22 6.38 4.81

3.   Sankar 1.01 5.30 9.49 5.23 2.25 9.63 7.46 6.45 1.83 5.76 6.63 4.74

4.   Sourin 5.95 6.47 10.62 7.68 7.11 16.60 5.89 9.87 4.94 6.47 11.58 7.67

5.   Pusa Safed 5.97 9.15 17.12 10.75 13.24 19.63 12.10 14.99 13.59 8.85 8.19 10.21

6.   Kalinga 3.41 8.10 9.75 7.09 6.51 13.00 6.18 8.56 4.85 10.59 9.06 8.17

7.   Sree Nandini 4.39 4.98 13.98 7.78 5.84 10.18 7.11 7.71 5.83 7.38 9.27 7.49

8.   Kishan 7.62 6.85 17.00 10.49 10.76 17.09 9.49 12.45 8.81 10.73 16.06 11.87

9.   Sree Bhadra 6.47 8.40 14.46 9.78 10.76 15.63 10.03 12.14 7.65 13.46 15.17 12.09

10. Gautam 3.84 4.47 8.28 5.53 4.32 12.87 7.12 8.10 6.96 10.52 7.40 8.29

11. ST-14 0.45 7.93 8.09 7.09 3.11 10.10 5.01 6.07 9.70 9.00 9.26 9.32

12. CIP-SWA-2 3.34 9.00 15.39 9.25 6.38 14.38 8.16 8.40 8.43 13.76 19.40 12.75

13. CIP-440038 8.18 10.04 16.97 11.73 11.75 19.26 7.73 12.91 9.17 10.98 18.56 12.90

14. CIP-187017-1 5.58 7.00 12.99 8.53 7.33 16.47 7.51 10.44 6.54 10.03 8.58 8.38

15. CIP-440127 8.91 12.33 16.84 12.69 17.30 18.61 9.46 15.12 10.94 8.12 12.04 11.37

CD (P=0.05) 1.83 0.69 1.08 1.89 1.26 1.55 1.02 2.08 1.89 1.21 1.92 2.40
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Table 2. Vine yield (fresh weight, t ha-1) of sweet potato varieties in coastal saline soils

Genotype Erasama-1 Erasama-2 Canning

2006-07 2007-08 2008-09 Mean 2006-07 2007-08 2008-09 Mean 2006-07 2007-08 2008-09 Mean

1.   Samrat 6.69 13.51 19.46 13.22 6.97 13.43 14.03 11.48 10.57 10.93 28.14 16.55

2.   Gouri 6.24 9.49 10.65 8.79 3.65 8.77 6.48 6.30 5.48 4.84 11.25 7.19

3.   Sankar 7.91 11.50 12.31 10.57 2.79 9.96 13.26 8.67 3.04 6.55 17.13 8.91

4.   Sourin 10.52 14.16 11.51 12.06 6.63 14.08 10.93 10.54 8.74 9.94 22.65 13.78

5.   Pusa Safed 9.07 13.97 14.99 12.68 7.62 13.31 19.98 13.64 13.41 9.19 23.86 15.49

6.   Kalinga 4.53 13.68 10.08 9.43 5.84 12.54 8.35 8.91 5.93 7.68 11.65 8.42

7.   Sree Nandini 6.57 12.61 15.50 11.56 5.21 12.68 13.13 10.34 10.15 9.13 13.21 10.83

8.   Kishan 8.22 14.50 16.99 13.23 8.24 15.06 17.79 13.70 10.93 9.16 23.10 14.39

9.   Sree Bhadra 5.92 14.01 14.60 11.51 7.47 9.88 20.59 12.64 5.37 9.87 17.99 11.08

10. Gautam 6.25 10.30 14.02 10.19 4.79 10.21 9.82 8.27 6.59 6.55 22.80 11.98

11. ST-14 4.03 10.48 13.02 9.18 2.85 12.29 5.96 7.03 10.54 6.66 19.77 12.32

12. CIP-SWA-2 3.87 11.96 15.75 10.53 5.38 9.97 14.76 10.04 5.30 9.94 25.87 13.70

13. CIP-440038 4.30 13.88 13.05 10.41 7.93 14.29 10.58 10.93 6.00 7.14 14.37 9.17

14. CIP-187017-1 7.14 15.33 15.20 12.56 6.46 13.92 10.63 10.33 7.44 7.01 19.22 11.23

15. CIP-440127 4.60 14.18 12.86 10.55 8.63 12.76 10.18 10.52 7.55 8.07 15.49 10.37

CD (P=0.05) 1.13 1.29 1.21 1.22 0.53 1.57 1.89 1.54 1.40 1.09 1.49 2.11
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in both the locations of Odisha followed by Kalinga

(20.28 & 22.00 %). Lowest starch content (15.39 &

16.71 %) was observed in the variety CIP-SWA-2 at

both the locations of Odisha. Total sugars ranged

from 3.23 - 3.93 % and 3.21 - 3.84 % in respect of

Erasama-1 and Erasama-2. Significantly higher

amount of total sugars (3.93 & 3.84 %) were

observed in CIP-SWA-2 at both the locations of

Odisha, while the total sugars were found lowest in

Sree Nandini (3.23 & 3.21 %). The dry matter varied

from 25.29 - 33.76 % and 25.36 - 33.55 %,

respectively at both the locations of Odisha. Among

the genotypes significantly highest mean dry matter

was recorded by Kishan (33.76 & 33.55 %), while it

was found lowest in CIP-440127 (25.29 %) and CIP-

440038 (25.36 %) at both Erasama-1 and Erasama-

2, respectively.

Significantly highest mean starch content was

recorded by Kalinga (21.39 %) at saline soils of West

Bengal (Table 3) followed by Kishan (20.51 %), while

it was lowest in Sankar (15.03 %), and CIP-187017-1

(15.90 %). Total sugars varied from 3.01 - 4.02 % at

saline silty loam soil of West Bengal and significantly

highest total sugars were recorded by CIP-187017-

1 (4.02 %) followed by Gautam (3.72 %) and Sourin

(4.02 %). Significantly highest dry matter was

recorded by Kishan (30.44 %) followed by Kalinga

(28.74 %) and Gautam (26.87 %). Relatively lower

amount of starch and dry matter contents was

observed irrespective of the genotypes under saline

soil conditions of West Bengal over that of Odisha.

Nutrient uptake

Significantly highest total uptake of N (kg ha-1)

at Erasama-1 (Table 4) was recorded by Pusa Safed

(70.66) at par with CIP-440127 (70.45) and Kishan

(69.39). Significantly highest P uptake (kg ha-1) was

observed in the variety CIP-440127 (29.24) followed

by Pusa Safed (28.93) and Kishan (27.26). The

variety Kishan was recorded highest total uptake of

K (86.80 kg ha-1) followed by Pusa Safed (83.99 kg

ha-1) and CIP-440127 (79.83 kg ha-1). Lowest uptake

of N, P, and K were observed in Gouri and Sankar,

which might be ascribed to lower tuber and vine

yields.

The total uptake of N (kg ha-1) was found highest

in the variety Samrat (66.48) at Erasama-2 followed

by Pusa Safed (65.52) and Kishan (64.63).

Phosphorus uptake was highest in the variety

Samrat (21.40 kg ha-1) at par with CIP-SWA-2 (21.34

kg ha-1) and ST-14 (20.25 kg ha-1). Significantly

highest mean total uptake of K (kg ha-1) was

observed in Samrat (44.23) followed by Kishan

(41.49), Pusa Safed (39.30) and Sree Bhadra (36.97).

Significantly highest total uptake of N (kg ha-1)

was recorded by Kishan (55.23) at Canning, West

Bengal followed by Pusa Safed (54.84) and CIP-

440127 (66.5). However, total P uptake (kg ha-1) was

Table 3. Quality attributes (%) of sweet potato varieties in coastal saline soils (Mean of 3 years)

Genotype Erasama-1 Erasama-2 Canning

Starch Total Dry Starch Total Dry Starch Total Dry

sugars matter sugars matter sugars matter

1.   Samrat 17.25 3.75 27.44 18.18 3.64 27.60 17.82 3.47 26.72

2.   Gouri 16.98 3.90 25.40 19.12 3.58 27.30 16.69 3.42 25.47

3.   Sankar 19.53 3.64 30.87 20.99 3.23 30.93 15.03 3.47 26.15

4.   Sourin 18.46 3.45 26.51 19.52 3.69 26.98 18.30 3.51 24.89

5.   Pusa Safed 18.32 3.48 30.19 19.13 3.53 31.32 16.77 3.04 26.28

6.   Kalinga 20.28 3.75 31.67 22.00 3.73 32.83 21.39 3.18 28.74

7.   Sree Nandini 17.19 3.23 27.71 19.21 3.21 27.71 18.58 3.01 25.65

8.   Kishan 22.90 3.73 33.76 23.82 3.63 33.55 20.51 3.43 30.44

9.   Sree Bhadra 18.93 3.59 28.85 19.01 3.58 30.64 17.66 3.32 25.93

10. Gautam 20.15 3.87 29.71 18.73 3.61 30.27 17.64 3.72 26.87

11. ST-14 18.21 3.70 30.14 18.59 3.55 30.32 16.80 3.70 26.83

12. CIP-SWA-2 15.39 3.93 25.73 16.71 3.84 27.27 18.04 3.40 25.51

13. CIP-440038 17.20 3.67 25.63 19.89 3.56 25.36 17.40 3.15 25.04

14. CIP-187017-1 16.96 3.57 27.01 20.64 3.59 28.54 15.90 4.02 26.30

15. CIP-440127 17.99 3.39 25.29 19.72 3.54 25.78 16.47 3.19 25.34

CD (P=0.05) 1.17 0.16 1.45 1.15 0.15 1.19 0.83 0.19 2.01
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found highest in Pusa Safed (19.28) at par with

Kishan (17.76). Total K uptake (kg ha-1) was found

highest in Kishan (47.61) at par with Pusa Safed

(45.15), while the lowest uptake of NPK was observed

in Gouri, ST-14 and Gautam.

The results of the study indicated that Samrat,

Pusa Safed, CIP-440127, Kishan and CIP-440038

showed tolerance to moderate soil salinity up to 6 -

10 dSm-1 by producing highest tuber and vine yields

combined with bio-chemical constituents like

starch, sugars and dry matter and these varieties

could be effectively cultivated for obtaining

sustainable crop yields for livelihood enhancement,

food and nutritional security in the coastal saline

soils of eastern India.
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Effect of  Irrigation and Fertilizers Level on Growth and Yield

of  Gerbera (Gerbera jamesonii bolus) Varieties in Polyhouse

under Coastal Conditions of Maharashtra

D. M. DINGANKAR, U. S. KADAM, P. M. HALDANKAR, A. D. RANGWALA,

P. C. HALDAVEKAR and A. V. SOMAVANSHI

Department of Horticulture, College of Agriculture, Dapoli,

District: Ratnagiri – 415 712, Maharashtra

A study was conducted to study the effect of irrigation, fertilizers and varieties of gerbera
(Gerbera jamesonii Bolus) planted in polyhouse under coastal conditions of Maharashtra during
2007–08. The experiment was conducted in split split plot design with 3 levels of irrigation viz.,
I1 (0.4 PE), I2 (0.6 PE) and I3 (0.8 PE), three levels of fertilizers viz., F1 (80 % RD), F2 (100 % RD)
and F3 (120 % RD) and three varieties namely V1 (Goliath), V2 (Savannah) anjd V3 (Dana Ellan).
Among all the treatments I3 (0.8 PE) level of irrigation, F1 (80 % RD) dose of fertilizer and the
variety Savannah were found to be the best at individual level which recorded maximum plant
height, number of leaves, flowers per m2 and dry weight of flower per m2 per year. The interaction

I3F1V2 was at par with I3F2V2 for flower yield per m2 and significantly superior over other

interactions. The interaction effect of irrigation x fertilizers x variety was non-significant for

vegetative parameters.

(Key words: Gerbera varieties, Irrigation and Fertilizer level, Growth, Yield)

Floriculture industry in India is witnessing

phenomenal growth, which is growing at a rate of

25-35 per cent per annum. One of the reasons of

this mammoth increase is expansion of hi-tech

floriculture. Hi – tech floriculture is actually an

invention, which achieves higher water and nutrient

use efficiencies. Gerbera (Gerbera jamesonii Bolus)

is one of the best flowers suited for green house

cultivation and its demand is increasing day by day

in both domestic as well as international market.

The key to success in protected cultivation of

gerbera lies in precise practices such as selection

of varieties, maintenance of appropriate levels of

irrigation and optimum fertilizer doses. In

Maharashtra, hi-tech floriculture is mostly

concentrated in western Maharashtra but it is new in

the coastal Konkan region. There was a feedback from

farmers to provide guidelines on gerbera cultivation.

The investigation was therefore undertaken to study

the performance of different varieties of gerbera under

various irrigation and fertilizer levels.

MATERIALS AND METHODS

The present investigation was carried out at the

naturally venti lated type polyhouse at the

Department of Farm structure, College of

Agricultural Engineering and Technology, Dr.

Balasaheb Sawant Konkan Krishi Vidyapeeth,

Dapoli during 2007-2008. The tissue cultured

gerbera seedlings were planted during December

2006 on raised beds of size 6 x 0.6 x 0.3 m which

were prepared by using media as red lateritic soil,

sand, FYM, rice husk in 3:3:3:1 proportion. The

media was disinfected by using fumigant formalin

@ 25 ml/lit. The pH of media was 5.9. The

experiment was carried out in split split plot design

with irrigation as main plot treatment, fertilizers as

sub plot treatment and varieties as sub sub plot

treatment. The details of treatments are as follows.

Sr. No. Treatment details Symbol

a) Main plot treatment (Irrigation levels)

1. 0.4 PE I
1

2. 0.6 PE I
2

3. 0.8 PE I
3

b) Sub plot treatment (Fertilizer levels)

1. 80% RD F
1

2. 100% RD F
2

3. 120% RD F
3

c) Sub sub plot treatment (Variety)

1. Goliath (Orange, double) V1

2. Savannah (Red, single) V
2

3. Dana Ellen (Yellow, double) V
3

No. of treatment combination – 27

RD – Recommended dose of fertilizers 19:10:24 g NPK/

Plant/ Year.

*Corresponding author: E-mail: parag5663@rediffmail.com



Three plants per treatment were randomly

selected and the observations recorded viz. height

of plant (cm), numbers of leaves at 30 days interval

starting from 90 DAP. The yield in no. of flowers

per m2 per year and dry wight of flowers (g) per m2

per year was recorded. The data were statistically

analysed by standard method of analysis of variance

as given by Gomez and Gomez (1984).

RESULTS AND DISCUSSION

Plant height of gerbera varied significantly

throughout the experimental period with irrigation

levels (Table 1). I
3
 (0.8 PE) recorded the maximum

plant height and I
1
 (0.4PE) recorded the minimum.

Fertilizer level F
1
 (80% RD) recorded the significantly

maximum plant height and F
3
 (120% RD) recorded

the minimum at all stages. Variety Savannah

recorded significantly maximum plant height and

Goliath recorded minimum plant height at all stages.

The interaction effect of I x F was found to be

significant. The interaction F x V was significant.

The interaction effect of I x F x V was non significant.

I
3
 (0.8 PE) recorded the maximum number of leaves

and I1 (0.4 PE) recorded the minimum. Fertilizer at

F
1
 (80% RD) recorded the maximum number of

leaves and F
3
 (120% RD) recorded the minimum.

Among the varieties maximum and minimum

numbers of leaves were recorded by Savannah (V
2
)

and Dana Ellan (V
3
), respectively. Interaction I x F,

I x V and F x V was significant. The interaction effect

of irrigation x fertilizer x variety was non significant

throughout the experimental period.

The dry weight of flower per m2 per year vary

significantly with irrigation levels. It was maximum

in I
3
 and minimum in I

1
. The fertilizer level F

1

produced the maximum dry weight of flowers

whereas that in F
3
 was the lowest. The dry matter

production in variety Savannah was maximum

followed by Goliath and Dana Ellan. The interaction

I x F, I x V and F x V were significant but I x F x V

was non significant.

Treatment I
3
 (220.32) recorded maximum and

I
1
 (186.35) minimum number of flowers per m2.

Fertilizer level F
1
 (208.02) recorded maximum and

F3 (195.96) recorded minimum number of flowers

per m2. Variety Savannah (V
2
) recorded maximum

(224.50) and Dana Ellan (V
3
) recorded minimum

(187.18) number of flowers per m2.

Treatment I
3
V

2
 (238.85) recoded maximum and

I
1
V

3
 (170.44) recorded minimum yield per m2.

Treatment F
1
V

2
 (227.04) recorded maximum yield

per m2 and was at par with F
2
V

2
 (225.72). The

minimum yield per m2 was recorded in F
3
V

3
 (177.47).

Treatment I
3
F

1
 (226.66) recorded maximum yield and

I
1
F

3
 (181.03) recorded minimum yield.

Table 1. Plant height (cm) no. of leaves and dry weight of flowers of gerbera varieties

as affected by levels of irrigation and fertilizer

Treatment Plant height No. of leaves Dry weight of flower (m2/year(g))

Irrigation levels

I1 (0.4PE) 35.50 49.41 354.06

I2 (0.6 PE) 36.51 51.55 398.54

I3 (0.8 PE) 36.97 54.14 440.15

SE 0.27 0.26 0.79

CD at 5% 1.05 1.02 2.45

Fertilizer levels

F1 (80%RD) 37.17 53.51 429.16

F2 (100%RD) 36.34 51.96 399.21

F3 (120%RD) 35.46 49.63 379.53

SE 0.21 0.14 0.71

CD at5% 0.65 0.44 2.17

Varieties

V1 (Goliath) 35.16 52.25 385.92

V2 (Savannah) 37.54 52.96 471.45

V3 (Dana Ellan) 36.28 49.89 383.72

SE 0.26 0.25 0.83

CD at 5% 0.76 0.72 2.42
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Interaction I x F x V was significant for number

of flowers/m2/year. The highest yield was obtained

in interaction I
3
F

1
V

2
 (239.84) which were at par with

I
3
F

2
V

2
 (239.45). The lowest yield was recorded by

I
1
F

3
V

3
 (162.33).

Thus from the present study it can be concluded

that under the Konkan conditions of Maharashtra

the performance of Savannah was the best and the

irrigation at 0.8 PE and ferti l izers at 80%

recommended dose are the best for obtaining better

growth and yield. The highest plant height, number

of leaves and flower yield recorded at I
3
 (0.8 PE)

Table 2. Number of flowers per plant per year and

per m2 per year of gerbera varieties as affected

by levels of irrigation and fertilizer

Treatment No. of flowers/m2/year

Irrigation levels

I1 (0.4 PE) 186.35

I2 (0.6 PE) 200.27

I3 (0.8PE) 218.98

SE 0.915

CD at 5% 3.593

Fertilizer levels

F1 (80% RD) 209.35

F2 (100% RD) 201.62

F3 (120 % RD) 194.63

SE 0.760

CD at5% 2.341

Varieties

V1 (Goliath) 193.93

V2 (Savannah) 224.50

V3 (Dana Ellan) 187.18

SE 0.864

CD at 5% 2.478

 Table 4. Interaction effect of irrigation ×

fertilizer × variety

Treatment V1 V2 V3 Mean

I1F1 182.13 216.00 175.00 191.04

I1F2 175.13 213.00 172.80 186.98

I1F3 172.27 208.5 162.33 181.03

I2F1 192.63 225.27 201.17 206.36

I2F2 188.02 224.70 185.47 199.39

I2F3 186.27 216.5 170.45 191.07

I3F1 227.52 239.84 212.63 226.66

I3F2 210.90 239.45 205.13 218.49

I3F3 210.47 237.27 199.63 215.79

Mean 193.93 224.50 187.18 201.87

SE± CD at 5%

Interaction 1.867 5.354

I ×F ×V

 Table 3. Interaction effect of irrigation × variety

Interaction effect of irrigation × variety

Treatment I1 I2 I3 Mean

V1 176.51 188.97 216.29 193.93

V2 212.50 222.16 238.85 224.50

V3 170.04 185.69 205.80 187.18

Mean 186.35 198.94 220.32 201.87

F test             Significant

and F
1
 (80% RD) might be due to maximum

availability of water and optimum availability of

nutrients at this level. Similar results were obtained

by Chawla et al., (2006) in African marigold and Paul

(2006) in gerbera. The variation shown by varieties

growth characters and yield might be attributed to

their inherent characters associated with present

environment. Dhane et al., (2004) also reported

variation in growth and yield of various varieties in

gerbera.
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Characterization of  Soils and Cropping Pattern of  Coastal Areas

of  Haldia, Paradeep and Visakhapatnam Ports

S. K. SARANGI*, K. K. MAHANTA, SUBHASIS MANDAL and B. MAJI

Central Soil Salinity Research Institute, Regional Research Station,

Canning Town, South 24 Parganas, West Bengal - 743 329

Soil samples were collected from three villages each from Haldia (Geondab, Barabari and
Bholsara),  Paradeep (Badilo, Saraba and Sandhapur) and Visakhapatnam (Appikonda,
Rishikonda and Anakapalle) port areas for analysis of soil properties including salinity from
surface (0-15 cm) to a depth of 90-105 cm. Soil salinity of saturation extract was slight to
moderate at Haldia, moderate at Paradeep and slight at Vishakhapatnam. At Haldia port areas
the soils are low in organic carbon (OC), medium in phosphorus (P) & potassium (K) and slightly
acidic to neutral in reaction, at Paradeep the soils are low to medium in OC, medium to high in
P, medium in K and moderate to slightly acidic in reaction and at Visakhapatnam the soil
properties are low in OC & P, high in K and neutral in soil reaction. The soil texture analysis
revealed that it is coarse to medium at Paradeep & Visakhapatnam and medium to fine at Haldia.
The major cropping systems are rice-fallow and rice-rice at Haldia, rice-green gram and rice-

fallow at Paradeep and rice-fallow and sugarcane-sugarcane at Visakhapatnam port areas. The

soils at Haldia and Paradeep were mainly alluvial in nature whereas at Visakhapatnam,

sugarcane-growing black soils along with red soils and sandy soils with large-scale Casuarina

plantation are found.

(Key words: Soil properties, Salinity, Cropping pattern, Soil classification)

Indian coastline covers 8,129 km covering

Gujarat, Maharashtra, Karnataka, Kerala and Goa

in the west, and Tamil Nadu, Andhra Pradesh,

Orissa and West Bengal in the east, besides

Lakshadweep, Andaman Nicobar group of Islands,

and Union Territories of Puduchery and Daman &

Diu and occupies an area of 10.78 M ha (Velayutham

et al., 1999). The coastal soils occur as river deltas,

connected with mainland, islands ranging from a

few kilometers to about 50 km from the sea-coast.

The coastal agro-ecoregion is distributed over nine

coastal states, out of this the states of West Bengal,

Orissa and Andhra Pradesh covers two agro-

ecological sub regions (AESR) each (Table 1).

There are wide variations among the coastal

areas in terms of soil characteristics, land use

pattern and agro-climatic conditions due to variation

in topography, physiography and hydrology.

Agriculture is the main source of livelihood for the

people of coastal region. The coastal lands are

predominantly mono cropped with very low farm

productivity and spatio-temporal variation of soil

salinity. For sustainable enhancement of the farm

productivity and income, the appropriate option is

assesing the extent of soil salinity and proper

management practices. The major constrains are:

salinity build up and lack of irrigation water during

dry months (Rabi and summer), excess waterlogging

of crop fields (in Kharif), etc. The problem is also

compounded by natural disasters like cyclone,

seawater intrusion, drought etc. those occurring in

the coastal areas frequently. The soil salinity starts

increasing after the Kharif season on cessation of

monsoon rains and reaches its peak in the month

of May-June before the on set of next monsoon

rains. The salinity of soil is mostly attributed to the

upward capillary movement of water from brackish

groundwater table located at shallow depth

(Bandyopadhyay et al ., 2009). Following the

evaporation of water, the salts accumulate in the

soil surface and the salinity of soil increases as the

dry spell proceeds. Ingression of saline tidal water

from the sea or the tidal rivers also contributes to

the salt accumulation in soil. Due to high salinity

and lack of fresh adequate water for irrigation, the

coastal areas are mostly monocropped with Kharif

rice. However, recent research development has

indicated that, the productivity can be increased in

these areas through adoption of improved

technologies. The national agriculture policy of

Government of India accords abiding importance to

improving the quality of the country’s land and soil

resources. Reclamation of degraded and fallow lands

as well as problem soils have been given high priority

to optimize their productive use. Since farm-level

problems are specific to agro-climatic zones (ACZs),

*Corresponding author: E-mail: sksarangicanning@gmail.com



there is a need for development of region-specific

technologies (11th five year plan document, Govt.

of India). Keeping the above facts in veiw, the

present study was undertaken to assess the soil

characteristics and study the cropping pattern.

MATERIALS AND METHODS

Study Area

The study area covers three villages each from

Haldia, Paradeep and Visakhapatnam port areas of

West Bengal, Orissa and Andhra Pradesh

respectively (Table 2). The study area at Haldia port

is surrounded by the rivers Hugly (locally called

Rupnarayan) and Haldi. The former river carries

relatively sweet water while the later brings saline

water to the region through two canals locally called

Jamunetri and Gangotri, which also serve for the

drainage of the area. Tidal flooding through a

network of tidal creeks and drainage channels

connected to the main river system inundates the

soil and impregnates them with soluble salts thereby

rendering both the top and subsoil saline. However,

the area is poorly drained and soil is characterized

by, silty clay texture, slight to moderate saline with

acidic to neutral pH, slow permeability, suitable for

rice cultivation with water table at 10 m. Rice is the

main crop during Kharif season, of which around

60% area is under HYVs, others under local varieties.

During Rabi season the main crops are rice, lathyrus,

vegetables, potato and sunflower. Other crops like

coconut, betel vine are also found in few patches.

High yielding varieties like Gayatri, Puja, CR

1009, Durga etc. as well as local traditional varieties

of rice are grown depending upon the depth of water

and type of land. The local varieties are late

maturing (6-7 months) and grain quality is bold

(Table 3). In the waterlogged land local varieties like

Khairsal, Pani Kalas, Paloi, Patnai, NC Kalam etc.

are grown. The local variety of rice Dudheswar

having fine grains is grown in medium land along

with HYVs like MTU 7029, Sabita, Swarnamayee,

Swarnashree, IR 36, Geetanjali, Ranjit etc. at Haldia

port areas.

Drainage is a serious problem and there is

ingress of saline seawater through Haldi River into

many places bringing salt to the area and makes

the land saline. The coastal areas which are low

lying and diurnally inundated by tidal water and

affected by varying degree of salinity hazards. Poor

drainage in Kharif and soil salinity in Rabi season

are the major constraints of the Haldia (Nayak et

al., 2001). There is lack of irrigation facility during

Rabi / Summer season in many villages resulting

in monocropping of rice during Kharif season only.

As the area is situated nearest to industrial area so

the labour cost is very high and there is

unavailability of the labour for agricultural purpose.

The major constraints apart from salinity for

successful crop cultivation in the salt affected areas

near Paradeep are: erratic and uneven distribution

of rainfall which include occurrence of drought after

sowing of the crops or towards the end of the wet

Table 1. Agro-ecological sub-region names and characteristics of

coastal areas of West Bengal,  Orissa and Andhra Pradesh

State AESR . AESR CharacteristicsSoil (dominant)

No Texture BS (%) EC (dSm-1) OC (%)

West 15.1 Nearly level to gently sloping Ganga Silty clay loam 70-80 – 0.2-0.5

Bengal plain (Bengal Basin), north Bihar plains/ to silty clay

hot moist sub-humid with deep, loamy to Vertic Haplaquepts

clayey, alluvium-derived soils, medium to high

AWC (150-200 mm/m)/ LGP 210-240 days

18.5 Gangetic delta, hot moist sub-humid to Silty loam to 74-82 – 0.3-0.8

humid/ LGP 240-270 days clay loam Typic Fluvaquents

Orissa 18.4 Utkal plains and east Godavari delta, Sand to silty 75-85 – 0.1-0.2

hot dry sub-humid/ LGP 180-210 days clay loam Aeric Tropaquepts

18.5 Gangetic delta, hot moist sub-humid to Clay 49-69 – Tr-0.2

humid/ LGP 240-270 days Vertic Tropaquepts

Andhra 18.3 Andhra plains/hot dry sub-humid/ Silty clay to – 4.6-27.0 0.9-1.1

Pradesh LGP 150-180 days clay

18.4 Utkal plains and east Godavari delta, Loam to clay – – 0.9-1.2

hot dry sub-humid/ LGP 180-210 days Chromic Haplusterts

Sources: Velayutham et al. (1999) & Soil Survey Staff (1992)
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season, heavy rainfall at the maturity of crop

resulting in submergence of the crop to be

harvested, scarcity of quality irrigation water during

non-monsoon period, non-availability of good

quality seeds of salt tolerant varieties of crops etc.

Natural calamities like cyclones, floods, currents

and tides are common features of these areas

(Rajagopal and Krishnakumar, 2004). The region is

subject to heavy flooding causing immense damage

as 95% of the monsoon rains of the entire catchment

basin are discharged through the Mahanadi delta

(Sarkar et al., 2005). The scope to increase the

cropping intensity and crop production in the area

largely depends on the management of soil salinity,

saving of water for irrigation, selection of suitable

cropping and nutrient management systems

involving salt tolerant varieties of crops. With proper

water management it may be possible to include

pulses, oilseeds and vegetables in the rice-based

crop production system for expansion of dry season

cropping. At Paradeep many times there is failure

or very poor yield of rice crop due to build up of

salinity, particularly during the year of insufficient

or erratic rainfall resulting in poor washing out of

the salts deposited in the root zone of the crops. In

this situation, crops like bitter gourd, amaranthus,

radish and Basella (locally called poi) are grown.

These crops are cultivated in small basins, created

in the patches in the failed rice field, which later on

cover a major portion of the crop failed area. The

crops, which are less water requiring, short duration

and having salt tolerance are grown with application

of farmyard manure in the root zone before sowing

of seeds in the basins. In the port areas of Paradeep

two major indigenous management practices were

observed for the reduction of the effect of soil salinity

on the rice crop. Application of tamarind

(Tamarindus indica) leaf manure to the soil after

decomposition. The dried tamarind leaves are

collected form the base of the plant, which are

accumulated after check and put in the cow dung

pit for decomposition. The decomposed manure is

applied in the field after primary tillage. Secondly

green manuring of horse gram (Macrotyloma

uniflorum) ,  locally called kolatha ,  a hardy

leguminous plant with twining branches is sown in

the first week of June and allowed to grow till July

and ploughed down with total biomass into the soil.

Collection of Data

Of the many soil profiles studied during

reconnaissance survey using survey of India

toposheets (2 cm = 1 km or 1: 50,000 scale), three

representative soil profiles within 60 km from each

of the port areas are described in this paper. Soil

profile was dug up to the depth of 105 cm and soil

samples colleted for the depth of 0-15, 15-30, 30-

45, 45-60, 60-75, 75-90 and 90-105 cm separately

for laboratory analysis. Standard methods were

followed for determining textural composition, pH,

organic carbon, salinity and nutrient status (Singh

et al., 1999). Statistical data on the crops under

the study areas were collected from the state

department of agriculture and analysed for cropping

pattern (Anonymous, 2009, 2010 and 2011).

RESULTS AND DISCUSSION

Cropping Pattern

Rice is the main crop with Rice-Fallow, Rice –

Green gram and Rice – Rice cropping pattern. Rice

Table 2. Details of the soil sampling locations in the port areas

Location Latitude Longitude Distance from respective port (km)

Haldia, West Bengal

Geondab 22005.024' N 88004.604' E 4

Barabari 22005.553' N 88004.810' E 5

Bholsara 22011.208' N 87059.058' E 18

Paradeep, Orissa

Saraba 20010.602' N 86025.481' E 40

Badilo 20013.340' N 86021.335' E 60

Sandhapur 20018.829' N 86030.354' E 27

Visakhapatnam, Andhra Pradesh

Appikonda 17038.987' N 83012.931' E 1

Rishikonda 17046.152' N 83022.224' E 5

Anakapalle 17041.373' N 83000.787' E 30
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– Rice is followed at Paradeep port areas in few areas

where there is canal irrigation facility, however, the

area under this cropping is very less. Rice – Green

gram is followed in the areas where the soil salinity

problem is moderate and life saving irrigation for

this crop is provided from Canal. Apart from rice

and sugarcane, large-scale Casuarina plantations

are seen in the Visakhapatnam area. Rice is the

principal food crop followed by ragi, bajra and jowar.

Sugarcane, groundnut, sesamum, niger and chilies

are the most important cash crops under cultivation.

The major cropping systems are Rice-Fallow,

Rice-Rice at Haldia, Rice-Green gram, Rice-Fallow

at Paradeep and Rice-Fallow, Sugarcane-Sugarcane

at Visakhapatnam. The cropping pattern at Haldia

is Kharif: Rice-92%, vegetables-4%, fallow-3%,

blackgram-1%, Rabi: Fallow-65%, rice-21%,

lathyrus-7%, vegetables-5% and sunflower-2%. The

cropping pattern at Paradeep is Kharif: Rice-88%,

vegetables-7%, fallow-3%, spices-2%, Rabi: Pulses-

48%, fallow-22%, oilseeds-13%, vegetables-11%,

spices-3% and rice-3%. The cropping pattern at

Visakhapatnam is Kharif: Fallow-37%, rice-25%,

other cereals-19%, sugarcane-15%, pulses-2%,

oilseeds-2%, Rabi: Fallow-79%, sugarcane-15%,

pulses-3%, rice 1% and oilseeds 1%.

Soil Characteristics

Saline soils are found in the Ersama and

Kujanga blocks in the district of Jagatsinghpur. The

soils are deep to very deep, mostly well drained with

shallow water table, sandy to fine loamy, moderate

to strong saline with acidic to neutral pH. It was

observed that soil salinity of saturation extract was

slight (2-4 dSm-1) at Haldia, moderate (4-8 dSm-1)

at Paradeep and Vishakhapatnam respectively

(Fig. 2). Singh et al (2010) reported that soil salinity

in the Mahanadi Delta (Orissa) varied widely

between seasons and sites, depending on the

complex interactions of groundwater and irrigation

water salinity, irrigation quantity, groundwater table

depth, soil texture, rainfall pattern and atmospheric

evaporative demand.

At Haldia port areas the soils are low in organic

C, medium in P & K (Table 6) and slightly acidic to

neutral (pH 5.5 – 7.5) in reaction, at Paradeep the

soils are low to medium in organic C, medium to

high in P, medium in K and moderate to slightly

acidic (pH 4.5 – 6.5) in reaction and at

Visakhapatnam the soil properties are low in organic

C & P, high in K and neutral (pH 6.5 – 7.5) in soil

reaction (Fig. 3). Mitra et al., (2002) reported 96%

Fig. 1. Cropping pattern (% of cultivated area) at

Visakhapatnam port areas

Fig. 2. Soil salinity at Haldia, Paradeep and Visakhapatnam

in the months of March, January and May respectively

Fig. 3. Soil pH in different depths at Haldia, Paradeep and

Visakhapatnam port areas
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soils of Erasama and Kujanga blocks in the Paradeep

area are acidic in reaction. The soil texture analysis

revealed that it is coarse to medium at Paradeep

(Sands, Sandy clay loam) & Visakhapatnam (Sands,

Sandy loam) and medium to fine at Haldia (Sandy

clay, Silty clay). Mottles are observed below the

surface soils at Haldia. Singh and Kundu (2009)

reported that in coastal saline soils of Orissa and

West Bengal, there is a horizon lying immediately

below the plough layer invariably becomes extremely

hard due to accumulation of silica and has an ochric

epipedon, yellowish brown mottles, uniformly fine

Table 3. Rice varieties grown in the salt affected soils of Paradeep area

Village Rice varieties grown

Local HYV

Nimakana Harisankar, Basumati, Gudumati, Chaka Akhi, Varsha Dhan, Gayatri (CR 1018), Puja,

Baragali, Kadala Gaura, Betanasi Swarna

Badilo Baula pakhia, Kalamula, Matia, Budha manda CR 1590, Gayatri, Lunishree

Saraba Raspanjar, Malabati, Basupati, Bhaluki Masuri, CR 1009, Durga

Sandhapur Machhakanta, Basupati, Kaidisola, Bhundi, Mahalaxmi, Swarna, Masuri, Puja, CR 1009,

Pagnigola, Benambari CR 1018, Durga, Sonamani

Table 4. Cropping pattern and problem soils of Haldia port area (% of cultivated area)

Block Kharif cropped area Rabi cropped area Saline Water-

(% of cultivated area) (% of cultivated area) logged

Rice Vegetables Black Betelvine Rice Lathyrus Vegetables Potato Sun-

gram flower

Haldia 91.80 4.28 1.10 0.00 21.42 7.34 4.90 2.33 0.49 2.57 2.08

Mahisadhal 90.91 5.00 0.68 2.55 68.18 13.64 4.09 0.00 0.00 2.73 0.00a

Table 5. Cropping pattern and problem soils of Paradeep port area (% of cultivated area)

Block Paddy area Non paddy Saline Water-logged

Up land Medium land Low land Total

Kujanga 4.77 37.65 44.27 86.69 13.31 2.18 18.89

Ersama 2.68 22.38 63.80 88.86 11.14 24.76 9.65

textures ranging from clay loam to clay or silty clay,

neutral to slightly acidic pH.

The soils at Haldia and Paradeep were mainly

alluvial in nature whereas at Visakhapatnam, sandy

soils with large-scale Casuarina plantation,

sugarcane growing black soils along with associated

red soils are also found. The net sown area

calculated as a percentage of geographical area for

the three port areas are 72.5, 58.1 and 23.0% for

Haldia, Paradeep and Visakhapatnam, respectively.

At Visakhapatnam it was observed that majority of

the area is used for industrial purposes like factories

Table 6. Nutrient status* in the soils of Haldia, Paradeep and Visakhapatnam

Soil depth (cm) Organic C (%) Available P (kg ha-1) Available K (kg ha-1)

H P V H P V H P V

0-15 0.48 0.47 0.30 11.07 23.99 7.68 134.27 136.48 336.27

15-30 0.47 0.25 0.24 23.24 16.20 7.20 136.53 124.91 342.60

30-45 0.36 0.13 0.19 23.31 15.55 6.60 133.24 117.44 311.23

45-60 0.31 0.10 0.19 21.56 13.68 6.48 135.60 120.41 317.50

60-75 0.08 0.08 0.14 39.48 12.15 5.99 133.05 111.56 311.93

75-90 0.05 0.07 0.11 34.67 11.97 5.80 123.02 114.28 310.17

90-105 0.05 0.04 0.03 39.63 10.63 5.46 122.19 113.60 313.43

 *Mean data of 81 soil samples, H: Haldia, P: Paradeep and V: Visakhapatnam
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(cement, fertilizer, paper, steel, petrochemical etc.),

port, naval base and depots. The major soil class

was fine, mixed, hyperthermic, typic, Endoaquepts

for Haldia (Soil Survey Staff, 1992), sandy, typic,

Ustipsamments, very fine, Vertic Tropaquepts, fine-

loamy, aeric Tropaquepts for Paradeep (Sarkar et

al., 1998) and fine, mixed, typic, Ustropepts, clayey-

skeletal mixed (paralithic) Haplustalfs for

Visakhapatnam port areas (Reddy et al., 1996).

Study on the soil characteristics and cropping

pattern at port areas is important because of

increasing anthropogenic activities in agriculture,

industry as well as natural calamities due to

nearness to sea. Soil salinity was found at the

Haldia, Paradeep and Visakhapatnam, whereas soil

acidity was a constraint at Paradeep and Haldia. At

Haldia and Paradeep traditional salt tolerant rice

varieties are grown during kharif season by farmers

with rice-fallow, rice-rice and rice-pulses cropping

system. At Visakhapatnam rice-fallow and

sugarcane-sugarcane are major cropping patterns.

The major soils of these port areas have been

classified into typic endoaquepts for Haldia, typic

ustipsamments, vertic and aeric tropaquepts for

Paradeep and typic ustropepts, mixed haplustalfs

for Visakhapatnam.
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Effect of  Humic Acid on Physiological Growth of

Mango (Mangifera indica L.) Nursery Grafts

Var. Alphonso under Coastal Ecosystem

G. N. KORAKE*, P. C. HALDAVANEKAR, P.M. HALDANKAR,

P. C. MALI and M. M. BURONDKAR

Department of Horticulture, College of Agriculture, Dr. Balasaheb Sawant

Konkan Krishi Vidyapeeth, Dapoli, District: Ratnagiri, Maharashtra - 415 712

The trial was conducted in the Alphonso mango nursery (Mangifera indica L.) at the department
of Horticulture, College of Agriculture Dapoli, Dist. Ratnagiri (M. S.) during the period 2009-
2010 with split plot design. There were. Present five main plot treatments viz. D1: Drenching
once i.e. at 5 months after grafting, D2: Drenching twice i.e. at 5 and 6 months after grafting, D3:
Drenching thrice i.e. at 5, 6 and 7 months after grafting, D4: Drenching four times i.e. at 5, 6, 7
and 8 months after grafting, D5: Drenching five times i.e. at 5, 6, 7, 8, and 9 months after grafting
with six sub plot treatments viz. C0: Control (50ml of water/graft), C1: 3 ml humic acid/lit of
water, C2: 4 ml humic acid/lit of water, C3: 5 ml humic acid/lit of water, C4: 6 ml humic acid/lit of

water, C5: 7 ml humic acid/lit of water. Observations on leaf area, root volume, AGR (absolute

growth rate) and RGR (relative growth rate) were recorded at 5, 10, 11 and 12 months age.

Among different physiological parameters studied, number of drenching had significant effect

on most of the characters viz; leaf area, root volume. From the result obtained and analyzed

during the present investigation, it could be concluded that drenching of humic acid at the

concentration of 6 and 7 ml /lit for 4 and 5 times during the period of 5-12 months age had

shown better growth of the mango nursery grafts cv. Alphonso.

(Key Words: Alphonso, Absolute growth rate, Humic acid, Mango, Relative growth rate)

Alphonso is an internationally accepted

commercial variety of mango grown along the west

coast of India in Konkan region and adjoining states.

Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth

Dapoli has been commercialized quick, easy and

simple method of grafting (stone or epicotyl grafting)

for mass scale production. This method has been

commercialized all over India. During last two

decades the area under mango has been increased

tremendously. Among the various reasons related

to expansion of mango industry in Maharashtra; the

stone or epicotyls grafting standardization and its

recommendations is one of the reason. However,

the mortality (up to 50%) as well as ill health is

common observation in nursery till it become

suitable for planting in field (1 year). Hence, it is

necessary to minimize mortality along with

improvement in health of Alphonso mango grafts.

The present investigation was carried out to

study the effect of humic acid at dif ferent

concentrations on growth of Alphonso mango

nursery grafts as well as to find out the optimum

concentration of humid acid for healthy growth of

Alphonso mango nursery grafts.

MATERIALS AND METHODS

The present investigation was carried out with

split plot design at the experimental farm of the

department of Horticulture, College of Agriculture

Dapoli, Dist. Ratnagiri (M. S.) during the period

2009-2010. There were five main plot treatments

viz. D
1:

 Drenching once i.e. at 5 months after

grafting, D
2:

 Drenching twice i.e. at 5 and 6 months

after grafting, D
3
: Drenching thrice i.e. at 5, 6 and

7 months after grafting, D
4
: Drenching four times

i.e. at 5, 6, 7 and 8 months after grafting, D
5
:

Drenching five times i.e. at 5, 6, 7, 8, and 9 months

after grafting with six sub plot treatments viz. C
0
:

Control (50ml of water/graft), C
1
: 3 ml humic acid/

lit of water, C
2
: 4 ml humic acid/lit of water, C

3
: 5

ml humic acid/lit of water, C
4
: 6 ml humic acid/lit

of water, C
5
: 7 ml humic acid/lit of water. Thus

thirty treatment combinations replicated thrice in

Split plot design. The mango stone grafts of variety

Alphonso were prepared as per the method

standardized by Dr. B. S. Konkan Krishi Vidyapeeth,

Dapoli. The 5 months old grafts were selected

randomly for investigation. There were twenty five

*Corresponding author: E-mail: ganesh.korake@gmail.com



number of mango grafts/treatment combination in

one replication. In all total 2250 number of grafts

were studied during present investigation.

Management of nursery grafts was carried out as

per the recommended package of practices. The

solutions of humic acid as per required

concentrations were prepared and drenching was

done as per treatment details. In control, 50 ml of

water was given to each graft. Observations on

various parameters viz leaf area, root volume, AGR

(Absolute growth rate of plot height; cm/day), RGR

(Rate of increase in plot height; cum/cm/day) were

recorded from randomly selected five mango grafts

in each treatment combinations.

RESULTS AND DISCUSSIONS

The data pertaining leaf area (cm2) per plant as

influenced by humic acid are presented in Table 1.

At initial 5 months age, the leaf area showed non-

significant results because selected plants are

nearly same age. However, at 12 months age the

effect of number of drenching leaf area was in the

range of 1291.36 cm2 (D
1
) to 1632.09 cm2 (D

5
). The

treatment D
5 

was significantly superior over D
2 

and

D
1. 

Further it was observed that leaf area was

affected by number of drenching of humic acid in

descending order were as follows D
5
>D

3
>D

4
>D

2
>D

1
.

Regarding the effect of humic acid concentrations

on leaf area, significantly highest (1597.19 cm2) leaf

area was observed in C
4
 and was superior to C

0
 i.e.

control. The leaf area as affected by humic acid

concentrations in descending order is as follows C4>

C
5
> C

3
> C

2
> C

1
> C

0
. Regarding the interaction effect,

the data showed non-significant variation in leaf

area was in the range of 1057.85 cm2 (D
4
C

0
) to 2031

cm2 (D
5
C

5
) with mean of 1461.18 cm2. The present

findings are in accordance with results reported by

Atiyah et al., (2002) in tomato and cucumber.

Table 1. Effect of humic acid on leaf area (cm3) of Alphonso mango nursery grafts

5 months age 12 months age

T D1 D2 D3 D4 D5 Mean D1 D2 D3 D4 D5 Mean

C0 229.62 222.69 221.98 222.33 216.80 222.68 1101.89 1071.79 1218.35 1057.85 1093.68 1108.71

C1 214.22 221.63 227.89 229.50 228.26 224.30 1213.14 1416.29 1569.50 1484.06 1610.00 1458.60

C
2

240.31 230.49 228.21 224.15 216.91 228.01 1263.00 1412.48 1439.21 1605.96 1635.68 1471.26

C
3

245.80 236.70 239.81 228.84 223.91 235.01 1395.15 1453.15 1637.34 1549.46 1678.36 1542.69

C
4

231.63 214.54 261.36 240.89 216.66 233.02 1480.54 1657.73 1658.53 1445.53 1743.64 1597.19

C
5

220.22 227.14 213.58 243.68 223.34 225.59 1294.42 1437.52 1521.52 1658.33 2031.20 1588.60

Mean 230.30 225.53 232.14 231.56 220.98 228.10 1291.36 1408.16 1507.41 1466.86 1632.09 1461.18

F test SEm ± C.D. at 5% F test SEm ± C.D. at 5%

D NS 3.11 – Sig 51.87 169.15

C NS 3.95 – Sig 54.13 153.75

DXC NS 8.84 – NS 121.03 -

Table 2. Effect of humic acid on Root volume (ml) of Alphonso mango nursery grafts

5 months age 12 months age

T D
1

D
2

D
3

D
4

D
5

Mean D
1

D
2

D
3

D
4

D
5

Mean

C
0

6.63 7.55 7.67 8.00 7.11 7.39 20.90 21.43 20.68 22.27 21.15 21.29

C
1

8.22 8.11 8.77 7.78 8.00 8.18 21.66 26.44 24.22 25.77 24.79 24.58

C
2

8.44 8.33 8.55 9.33 8.55 8.64 24.77 25.11 25.18 27.92 28.27 26.25

C
3

8.22 7.00 9.33 9.22 7.77 8.31 23.22 25.22 24.11 26.00 27.96 25.30

C4 8.55 7.78 8.44 7.88 8.66 8.26 27.88 28.00 27.11 28.00 30.30 28.26

C5 7.67 7.89 8.44 8.33 9.00 8.26 26.88 27.67 29.33 30.11 31.46 29.09

Mean 7.96 7.78 8.54 8.42 8.18 8.17 24.22 25.64 25.10 26.68 27.32 25.79

F test SEm ± C.D. at 5% F test SEm ± C.D. at 5%

D NS 0.25 – Sig 0.56 1.83

C NS 0.33 – Sig 0.52 1.48

D X C NS 0.74 – NS 1.16 -
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The root volume (ml) as influenced by humic

acid treatments were projected at 5 and 12 months

age and are presented in Table 2 revealed that the

initial readings before application of humic acid

treatments (5months age) observed non-significantly

and was in the range of 6.63 ml to 9.33 ml. At the

12 months age it was observed that the root volume

significantly varied and increased with increased

number of drenching and concentrations of humic

acid. However, interaction effects of these two

factors sowed non-signif icant results. The

significantly varied root volume as affected by

number of drenching was in the range of 24.22 ml

to 27.32 ml. The treatment D
5
 had noticed

significantly highest (27.32 ml) root volume that was

at par with (D
4)

 26.68 ml and (D
2)

 25.64 ml. The

lowest root volume was noticed in treatment 24.22

ml (D
1
). At 12 months age as affected by number of

drenching of humic acid in descending order was

as follows D
5
>D

4
>D

2
>D

3
>D

1
. Among different

significantly varied humic acid concentrations, the

treatment C
5
 showed significantly highest root

volume (29.09 ml) and was superior to all except

C
4
. The lowest value of root volume was found in

treatment C
0
 (21.29 ml). The root volume of

Alphonso mango nursery grafts as affected by humic

acid concentrations in descending order was as

follows C5> C
4
> C

2
> C

3
> C

1
> C

0. 
 Non-significantly

varied root volume due to interaction effects ranged

from 20.68 ml (D
3
C

0
) to 31.46 ml (D

5
C

5
) with mean

25.70 ml. Increasing trend of root volume of

Alphonso mango nursery grafts might be due to

improved growth of roots system. This beneficial

effect might be due to stimulative effect of humic acid

in relation to increase in number of its drenching and

concentrations. Humic acid study showed a greater

effect on the growth of roots than on that of shoots

indicating probably greater resource allocation toward

the roots than the leaves, which is in agreement with

the results of  Atiyeh et al., (2002).

Table 3. Effect of humic acid on Absolute growth rate (cm/day) of Alphonso mango nursery grafts

150-240 days 240-300 days

T D
1

D
2

D
3

D
4

D
5

Mean D
1

D
2

D
3

D
4

D
5

Mean

C
0

0.100 0.082 0.101 0.10556 0.10096 0.09804 0.16833 0.15278 0.12722 0.18833 0.17667 0.16267

C
1

0.11815 0.15259 0.12370 0.13185 0.14444 0.13415 0.15611 0.15778 0.14556 0.20778 0.19333 0.17211

C
2

0.13815 0.15148 0.13889 0.16704 0.17815 0.15474 0.17278 0.18500 0.15000 0.22111 0.25778 0.19733

C
3

0.15525 0.14000 0.17042 0.17111 0.23704 0.17476 0.17222 0.19000 0.13222 0.22222 0.30667 0.20467

C
4

0.14111 0.16259 0.15630 0.17333 0.22664 0.17200 0.17611 0.19444 0.15889 0.18667 0.31167 0.20556

C
5

0.16963 0.19519 0.18222 0.23000 0.29556 0.21452 0.19111 0.18111 0.13167 0.22167 0.28500 0.20211

Mean 0.13711 0.14735 0.14544 0.16315 0.19713 0.15804 0.17278 0.17685 0.14093 0.20796 0.25519 0.19074

F test SEm ± C.D. at 5% F test SEm ± C.D. at 5%

D SIG 0.00903 0.02944 SIG 0.01825 0.05953

C SIG 0.00749 0.02127 SIG 0.00754 0.02143

D X C NS 0.01674 – SIG 0.01687 0.04791

300-330 days 330-360 days

T D
1

D
2

D
3

D
4

D
5

Mean D
1

D
2

D
3

D
4

D
5

Mean

C
0

0.24333 0.25667 0.11111 0.16333 0.24556 0.20400 0.13709 0.15889 0.18667 0.21667 0.17333 0.17453

C
1

0.20333 0.30333 0.23000 0.23778 0.20000 0.23489 0.14556 0.21778 0.16000 0.21778 0.26000 0.20022

C
2

0.17444 0.30000 0.24556 0.26000 0.29333 0.25467 0.17333 0.22778 0.21000 0.24222 0.24667 0.22000

C
3

0.20333 0.27889 0.24000 0.16667 0.28778 0.23533 0.22889 0.16222 0.21778 0.22367 0.25778 0.21807

C4 0.33000 0.23000 0.15556 0.20222 0.21667 0.22689 0.24183 0.22000 0.24333 0.21556 0.25556 0.23525

C
5

0.24222 0.19667 0.18000 0.23556 0.23444 0.21778 0.22000 0.15556 0.20444 0.22444 0.26778 0.21444

Mean 0.23278 0.26093 0.19370 0.21093 0.24630 0.22893 0.19112 0.19037 0.20370 0.22339 0.24352 0.21042

F test SEm ± C.D. at 5% F test SEm ± C.D. at 5%

D NS 0.03354 – NS 0.01372 –

C NS 0.02773 – NS 0.01783 –

D X C NS 0.06202 – NS 0.03988 –

T – Treatment, D – No of drenching, C – Concentration of humic acid, C X D – Interaction
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Absolute Growth Rate in terms of height (cm)

per day per plant as influenced periodically by

different humic acid treatments are presented in

Table 3, showed that as age increased the AGR

decreased. At 150-240 days, the effect of number

of drenching on AGR was significantly varied and

was in the range of 0.13711 cm/day (D
1
) to 0.19713

cm/day (D
3
). The treatment D

3 
(0.19713 cm/day)

was found significantly superior to all. Similarly,

AGR significantly varied due to humic acid

concentrations, as the highest AGR (0.21452 cm/

day) noticed in treatment C
5
 that was significantly

superior to all. The lowest AGR (0.09804 cm/day)

was observed in treatment C
0 
i.e. control. Regarding

the interaction effect, AGR values non significantly

varied and were in the range of 0.10037 cm/day

(D
1
C

0
) to 0.29556 cm/day (D

5
C

5
) with mean of

0.22893 cm/day. At 240-300 days, the AGR was

significantly varied among the number of drenching

of humic acid; the highest AGR (0.25519 cm/day)

was observed at D
5
 and was significantly superior

over all except D
4
. The lowest AGR (0.14093 cm/

day) was observed in D
3
. Further, it was observed

that AGR was affected by number of drenching of

humic acid in descending order was as follows

D
5
>D

4
>D

2
>D

3
>D

1
 With regards to effect of different

concentration of humic acid, significantly the

highest AGR (0.20556 cm/day) was observed at C
4

and was significantly superior over C
1
 and C

0
. The

lowest value of AGR (0.16267 cm/day) was observed

at C
0
 i.e. control. The AGR as affected by humic

acid concentrations in descending order was as

follows C
4
> C

3
> C

5
> C

2
> C

1
> C

0
. While observing

the interaction effect, significantly highest AGR

(0.31167 cm/day) was observed at D
5
C

4
 and was

significantly superior over all the treatment

combinations except D
5
C

3
, D

5
C

5
. Further up to 360

days AGR varied non-significantly due to drenching

number and concentrations of humic acid and their

interactions. The mean AGR was maximum at

Table 4. Effect of humic acid on Relative growth rate (cm/cm/day) of Alphonso mango nursery grafts

150-240 days 240-300 days

T D
1

D
2

D
3

D
4

D
5

Mean D
1

D
2

D
3

D
4

D
5

Mean

C
0

0.02374 0.02448 0.02095 0.02231 0.02232 0.02276 0.03792 0.03438 0.03893 0.03922 0.03538 0.03717

C
1

0.03355 0.01722 0.02777 0.02735 0.02846 0.02687 0.03774 0.03769 0.04035 0.04224 0.03806 0.03922

C
2

0.02791 0.04454 0.02892 0.02985 0.03064 0.03237 0.03938 0.03850 0.04331 0.04360 0.03880 0.04072

C
3

0.02860 0.02865 0.02907 0.03030 0.03389 0.03010 0.03905 0.03847 0.04524 0.04332 0.03966 0.04115

C
4

0.02889 0.02922 0.02961 0.03205 0.03545 0.03104 0.03869 0.03830 0.04617 0.04111 0.03321 0.03950

C
5

0.03026 0.03105 0.03162 0.03349 0.03643 0.03257 0.03960 0.03795 0.04505 0.04796 0.03490 0.04109

Mean 0.02883 0.02919 0.02799 0.02923 0.03120 0.02929 0.03873 0.03755 0.04317 0.04291 0.03667 0.03981

F test SEm ± C.D. at 5% F test SEm ± C.D. at 5%

D NS 0.00063 – NS 0.00238 –

C SIG 0.00202 0.00573 SIG 0.00082 0.00233

D X C NS 0.00451 – NS 0.00184 –

300-330 days 330-360 days

T D
1

D
2

D
3

D
4

D
5

Mean D
1

D
2

D
3

D
4

D
5

Mean

C
0

0.05273 0.05495 0.06619 0.03893 0.07683 0.05793 0.04766 0.05819 0.05541 0.06154 0.06465 0.05749

C
1

0.06714 0.07745 0.03660 0.06645 0.09205 0.06794 0.05181 0.07016 0.06064 0.07411 0.04154 0.05965

C
2

0.05733 0.07925 0.06361 0.06072 0.08602 0.06939 0.06324 0.06516 0.06605 0.06717 0.04655 0.06164

C3 0.08160 0.08830 0.02327 0.05741 0.07862 0.06584 0.08204 0.04021 0.07867 0.08347 0.02698 0.06227

C
4

0.07396 0.08079 0.05087 0.05844 0.07803 0.06842 0.06339 0.07183 0.06600 0.08596 0.05204 0.06784

C
5

0.05671 0.08243 0.07084 0.05890 0.08432 0.07064 0.08047 0.04316 0.07004 0.06634 0.06961 0.06593

Mean 0.06491 0.07719 0.05190 0.05681 0.08265 0.06669 0.06477 0.05812 0.06613 0.07310 0.05023 0.06247

F test SEm ± C.D. at 5% F test SEm ± C.D. at 5%

D NS 0.00696 - NS 0.00460 -

C NS 0.00453 - NS 0.00530 -

D X C NS 0.01012 - NS 0.01186 -

T – Treatment, D – No of drenching, C – Concentration of humic acid, C X D – Interaction
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150-240 and 240-300 days irrespective of different

humic acid treatments to complete growth period

of nursery grafts. This could be due to the rapid

rate of increase in plant height during 150- 300

days. Thereafter, decrease in AGR up to 360 days.

It might be due to slow growth rate and plant height

also increases slowly resulted in non significant

results of AGR at later growth period.

The RGR is the rate of increase in plant height

in number of days. The data pertaining mean RGR

values during different growth period are presented

in Table 4. Data indicated significant differences

amongst the different humic acid treatments during

150-240 and 240-300 days Alphonso mango nursery

grafts. As age of mango nursery grafts increases

the RGR decreases. At 150-240 days, the data

revealed that effect of number of drenching of humic

acid on RGR was non significantly varied and ranged

from 0.02883 cm/cm/day (D
1
) to 0.03120 cm/cm/

day (D
5
) .  However, dif ferent humic acid

concentrations varied significantly, the highest RGR

(0.03257 cm/cm/day) was observed in the treatment

C
5
 and superior to C

1
 and C

0
. Regarding interaction

effect on RGR data show non significant results with

irrespective of number of drenching and different

humic acid concentrations in the range of 0.02095

cm/cm/day (D
3
C

0
) to 0.04454 cm/cm/day (D

2
C

2
).

Similar trend was found at 240-300 days. The effect

of number of drenching was non significantly varied

and ranged from 0.03667 cm/cm/day (D
5
) to

0.04317 cm/cm/day (D
3
) with mean of 0.03981 cm/

cm/day. However, the dif ferent humic acid

concentrations found significantly varied from

0.03717 cm/cm/day (C
0
) to 0.04115 cm/cm/day

(C
3
). The treatment C

3
 (0.04115 cm/cm/day) was

significantly superior to C
0
 i.e control. The RGR as

affected by humic acid concentrations in descending

order are as follows C
3
> C

4
> C

2
> C

5
> C

1
> C

0
.

Regarding the interaction effect on RGR statistical

analysis show non significant results and RGR

values ranged from 0.03438 cm/cm/day (D
2
C

0
) to

0.04796 cm/cm/day (D
4
C

5
) with mean of 0.03981

cm/cm/day. In the present investigation it was

observed that the RGR gradually decreased with the

advancing age of Alphonso mango nursery grafts.

RGR decreases with plant age due to the fact that

an increasing part of the plant is structural rather

than metabolically active tissue and such does not

contribute to growth and impart to shading and

increased age of lower leaves.
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Intensification of  Double Cropped Rice System in

Krishna–Godavari Delta of  Coromandel Coast
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Field experiments were conducted consecutively for three years during Summer, Kharif and
Rabi seasons of 2005, 2006 and 2007on Godavari alluvial (Vertic chromusters) at APRRI & RARS,
Maruteru with six summer fodder crops Sunhemp , Blackgram , Greengram, Cowpea, Pillipesara,
Jowar and fallow after double cropped rice. The three years pooled data revealed that, among
different summer fodder crops after double cropped rice, pillipesara (phaseolus trilobus.L)

followed by sunnhemp (Crotalaria juncea .L) produced conspicuously higher green fodder, Rice
equivalent yield, system productivity interms of yield,carbohydrates, protein and energy, higher
system retuns with higher production efficiency and economic efficiency. Inclusion of fodder
crops during summer after rabi rice increased organic carbon and maintained positive balance
of available N.

(Key words: Double cropped rice, Fodder crops, System productivity, Economics)

Rice –rice –fallow is the most predominant cropping

system occupying over 11 lakh hectares in purely under

canal irrigation in Krishna –Godavari delta region of

Andhra Pradesh popularly known as rice granary of

peninsular India. Introduction of early dry season rice

revolutionised the rice culture in Krishna Godavari

delta, previously the dry season rice was planted only

in February and it used to suffer due to water scarcity

and higher temperatures particularly at later stages of

crop growth (Raghavulu, 1996). This new practice of

completion of Rabi plantings by the 1st fortnight of

January particularly with MTU 1010 have brought high

productivity, stability and less risk. But the yields were

again stagnated during past few years due to its

exhaustive nature. The second generation problems

viz. Emergence of multi- nutrient deficiencies, formation

of hard pan, build up of weeds were cropping up.

Introduction of legumes in cropping system are reported

to have favourable impact on the soil fertility and helps

in increasing yield of succeeding rice crop (Quayyam

and Maniruzzaman, 1996). As there is acute shortage

for fodder during summer season an experiment was

planned to utilize the fallow period with different fodder

crops possibly legumes on residual moisture and

fertility with a view to identify suitable fodder crop after

rice-rice to augment sustainability, soil health and

returns of the predominant system of Coromandel

coast.

MATERIALS AND METHODS

Field experiments were conducted consecutively

for three years during Summer, kharif and Rabi

seasons of 2005, 2006 and 2007 on Godavari

alluvials (Vertic chromusters) at Andhra Pradesh Rice

Research Institute- Maruteru, A.P. India (26.38o N,

84. 44o E and 5 m above mean sea level). The soil

was clay loam having pH 7.1, EC 0.38 dSm-1, organic

carbon 0.9%, available nitrogen 297 kg ha-1,

available P
2
O

5
 38 kg ha-1 and K

2
O 344 kg ha-1. The

trial consists of seven treatments viz. T
1- 

Sunnhemp

– rice-rice; T
2
 Blackgram – rice-rice; T

3
 Greengram

– rice-rice; T
4
 Cowpea – rice-rice; T

5
 Pillipesara –

rice-rice; T
6
 – Jowar- rice-rice and T

7
 fallow – rice-

rice. The trial was conducted in Randomised block

design with three replications. The summer crops

of local varieties of fodder were raised on residual

soil moisture. MTU 1001 (135 days duration) during

Kharif and MTU 1010 (120 days duration) during

Rabi were the test varieties of rice planted 24 to 26

days old seedlings at a spacing of 20X15 cm during

Kharif, 15 X 15 cm during Rabi with 2-3 seedlings

per hill. Weeds were controlled by application of pre

emergence herbicide Pretilachlore @ 0.75 kg a.i ha-1

followed by one hand weeding at 40 days after

transplanting. Water was maintained at a depth of

2 cm up to panicle initiation and 5 cm thereafter

up to one week before harvest. The field was drained

before application of fertilizers and one week before

harvest. Manures and fertilizers were applied as per

the treatment requirement through Urea, SSP, MOP.

Entire P & K and 1/3 recommended N was applied

as basal, remaining N was applied in two splits at

active t i l lering and panicle init iation. The

*Correspondence author : E mail: draurao@gmail.com



experiments were received uniform plant protection

and cultural management practices throughout the

period of crop growth. Data on growth, yield

attributes and yield were collected following

standard procedures from 10 randomly marked

hills. The surface soil samples up to 15 cm depth

before and after the harvest of the crop were

collected and analyzed for the physico-chemical

properties by following standard procedures.

Economic parameters like gross returns, net returns

and rupee returned per rupee invested were worked

out treatment–wise taking prevailing market rates

for different inputs and outputs. Energy use

efficiency was calculated as per the procedure given

by Panesar and Bhatnagar (1994). Data were

analyzed using ANOVA and the significance was

tested by Fisher’s least significance difference

(p= 0.05) by pooling three years data.

RESULTS AND DISCUSSION

Three years pooled data revealed that , among

different summer fodder crops after double cropped

rice, pillipesara (phaseolus trilobus L) produced

conspicuously higher green fodder followed by

sunhemp (Crotalaria juncea L) and cowpea (Table 1).

While, the lowest fodder was realized with Jowar.

Rice equivalent yields (REY) of different summer

crops also showed similar trend to that of green

fodder. Rice grain yield after summer fodder crops

was higher with Sunnhemp -rice-rice system during

both Kharif and Rabi, which was significantly

superior over fallow. The rice grain yields after

different fodder crops were at par during both the

seasons. Though the above ground portions were

removed as fodder the sizeable root mass remained

in the soil might have contributed for higher grain

yields of succeeding rice crop. The results are in

line with that of De et al., (1983), who reported

higher grain yields of rice after cowpea/greengram

and blackgram compared to maize. Inclusion of

blackgram and greengram in rice based cropping

system increased the yield of succeeding crop of rice

by 446 kg ha-1 (Porpavai et al., 2011). System

productivity was also significantly higher in Sunhemp-

rice-rice followed by Pillipesara-rice-rice and Cowpea

–rice-rice. Increased rice equivalent yields of

Pillipesara, Sunhemp and Cowpea crops besides

higher grain yields of rice succeeding to these crops

was the probable reason for higher productivity of

these systems. Inclusion of fodder during summer

markedly increased the system productivity over fallow

regardless of the species. Similar results were reported

by Meena and Shivay (2010) with inclusion of fodder

cowpea after double cropped rice.

Among different cropping systems, carbohydrate

equivalent and protein equivalent yields were

significantly higher in Sunhemp-rice-rice compared

to fallow and jowar based systems (Table 2) however,

it was on par to other legume fodder systems. Energy

output of Sunhemp -rice-rice and Pillipesara-rice-rice

systems were markedly higher over other systems.

Whereas, energy output of Cowpea-rice-rice, Blackgra-

rice-rice, Greengram-rice-rice and Jowar-rice-rice was

at par and were conspicuously superior over fallow-

rice-rice. The production efficiency was higher in

Sunhemp-rice-rice followed by Pillipesara-rice-rice and

it was lowest with Jowar-rice-rice. Higher carbohydrate

equivalent yield, protein equivalent yield, energy

output and production efficiency in Sunhemp-rice-rice

followed by Pillipesara-rice-rice was due to higher rice

equivalent yields in these systems. Inclusion of fodder

crops particulary legumes instead of keeping fallow

reduced weed growth, improved physic-chemical

properties to the positive side besides fixing

atmospheric N. Inclusion of greengram/fodder cowpea

in cereal based double cropping system not only save

energy but also increase the total productivity of the

system (Sharma et al., 1998).

Gross returns, net returns and rupee returned

per rupee invested were significantly higher in

Sunhemp-rice-rice followed by Pillipesara-rice-rice

over fallow- rice-rice system (Table 3).

Instead of existing rice-rice system in coastal

belt rice-rice-legume system may increase

productivity and profitability with more stability

(Gangwar et al. 2003).

The post soil fertility status after three years

shows that, inclusion of fodders in fallow–rice -rice

system markedly decreased the soil pH (Table 4).

Soil electrical conductivity was unaffected by

inclusion of fodder crops during summer. Organic

carbon content in soil was increased with different

fodder crops. The increased organic carbon content

of rice soils by including forage cowpea has been

reported by Meena and Shivay (2010). The status of

available N was conspicuously augmented by

Pillipesara-rice-rice and Sunhemp-rice-rice ststems

whereas, it was maintained by other fodder systems

compared to fallow where it was shown slight

decreasing trend. Similar improvement in soil

organic carbon and available N with inclusion of

green gram /black gram after double cropped rice

was reported by Porpavai et al., (2011). The available

P
2
O

5
 & K

2
O status was markedly decreased

compared to the initial status over the three years

regardless of the crops or fallow.
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Table 1. Effect of different cropping systems on Rice equivalent yield of summer fodder crops, rice grain yield and system production

Carbohydrate equivalent yield, Protein equivalent yield, Energy output and Production efficiency of rice-rice system’

(Pooled data of three years)

Treatment Summer crops Rice grain yield System CEY* PEY* Energy Production

(kg ha-1) (kg ha-1) production (kg ha-1) (kg ha-1) Out put efficiency

GFY* REY * Kharif Rabi (kg ha-1) (MJ) (%)

T1 Sunhemp -rice-rice 10421 521 5212 5825 11558 8853 1036 169903 18.13

T
2
 Blackgram–rice-rice 6850 342 5183 5166 10691 8189 958 157158 9.27

T3Greengram-rice-rice 6926 347 5007 5669 11023 8444 988 162038 12.66

T
4
 Cowpea –rice-rice 9668 484 5091 5460 11035 8453 989 162215 12.79

T5 Pillipesara–rice-rice 14566 728 5142 5512 11382 8719 1020 167315 16.33

T
6
 Jowar- rice-rice 5371 269 4909 5527 10705 8200 959 157364 9.41

T7 fallow –rice-rice 1376 69 4637 5077 9783 7494 877 143810 –

SEm ± 342 21 114 127 246 142 47 3098 –

CD (p= 0.05) 1054 65 351 391 758 438 145 9551 –

*GFY- Green Fodder yield,  *REY – Rice Equivalent yield, *CEY- Carbohydrate equivalent yield, *PEY- Protein equivalent yield
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Table 2. Effect of summer fodder crops on Gross returns, Net returns and Economic efficiency

post harvest soil chemical properties of rice- rice system

Treatment Gross Cost of Net Rupee
P
H ECdSm-1 Organic Available nutrient status

returns cultivation returns per rupee Carbon (kg ha-1)

(Rs/ha) (Rs/ha) (Rs/ha) invested (%) N P
2
O

5
K

2
O

Initial status 7.1 0.38 0.9 297 38.0 344

T
1 

Sunhemp -rice-rice 75127 35437 39690 1.12 5.84 0.28 1.01 321 32.15 262

T2 Blackgram–rice-rice 71442 36032 35810 1.00 5.71 0.33 1.06 316 32.49 253

T
3
Greengram-rice-rice 71650 36042 35608 0.99 6.04 0.36 0.98 308 27.03 236

T4 Cowpea –rice-rice 71728 35927 35801 1.00 5.67 0.30 1.10 311 30.01 236

T
5
 Pillipesara–rice-rice 73983 35449 38534 1.09 5.85 0.36 1.13 332 29.49 248

T6 Jowar- rice-rice 69583 35238 34345 0.97 5.71 0.32 0.93 301 27.12 233

T
7
 fallow –rice-rice 63590 32940 30650 0.93 6.79 0.39 0.89 290 27.15 226

SEm ± 1599 – 743 0.05 0.27 0.04 0.05 6.31 1.42 5.25

CD (p= 0.05) 4927 – 2290 0.15 0.83 NS 0.19 23 5.42 20

3
0
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The N balance sheet shows that there was a

net –ve balance of N was observed in fallow, whereas

it was turned to +ve side by inclusion of fodder crops

during summer particularly legumes (Table 5).

Inclusion of greengram/fodder cowpea in cereal

based double cropping system has been reported to

maintain soil N supply (Sharma et al., 1998). The

highest positive balance of N was recorded in

Pillipesara-rice-rice followed by Sunhemp -rice-rice

systems. The N captured by the root system of

different fodder crops during off season (Summer),

otherwise it lost through leaching/deep percolation

besides symbiotic N fixation as being legumes might

be the reason for higher positive balance of N in

these systems. Inclusion of legumes may be fodder

or green manure also with in cereal based cropping

systems is of great help due to their soil ameliorating

benefits (Gangwar, 2007).

Based on the above results it can be concluded

that, Inclusion of legume fodders in general and

Sunhemp and Pillipesara in particular improves

total system production, productivity, system energy

and profits besides improving soil health.
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Table 3. Effect of different cropping systems on Nitrogen balance after three years

Cropping System Available N added N removed Actual Avail. Expected Net soil

Nitrogen during three over three N after three Available N N gain/

(Initial) years years years after three years loss

A B C D E = (A+B)-C F = D-E

Sunhemp -rice-rice 297 540 623 321 214 107

Blackgram–rice-rice 297 540 579 316 258 58

Greengram-rice-rice 297 540 564 308 273 35

Cowpea –rice-rice 297 540 578 311 259 52

Pillipesara–rice-rice 297 540 633 332 204 128

Jowar- rice-rice 297 540 559 301 278 23

fallow –rice-rice 297 540 467 290 370 – 80
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Evaluation of  Okra (Abelmoschus esculentus) under

Micro-sprinkler Irrigation System in Saline Soils of

Coastal West Bengal

K. K. MAHANTA*, S. K. SARANGI, A. R. BAL and B. MAJI

Central Soil Salinity Research Institute, Regional Research Station,

Canning Town, South 24 Parganas, West Bengal - 743 329

Scarcity of good quality water during the non-monsoon period is the major hindrance for taking
multiple crops in the saline soils of coastal West Bengal. For saving water and to evaluate the
performance of Okra (Abelmoschus esculentus), a micro-sprinkler irrigation system was installed
in the experimental farm at Central Soil Salinity Research Institute, Regional Research Station,
Canning Town during the year 2003-04. There were four treatments with various ratios of
irrigation water by cumulative pan evaporation (IW/CPE) under micro-sprinkler irrigation system.
The spacing of micro-sprinklers were kept at 1.25 m (T1), 1.75 m (T2), 1.50 m (T3) and 2.00 m
(T4), for the IW/CPE ratios 1, 0.875, 0.75 and 0.625 respectively. The water application efficiency
of the micro-sprinkler irrigation system was evaluated to be about 70%. The average yield under

micro-sprinkler irrigation system was 27% higher than that obtained under conventional method

of irrigation with about 37.375% saving of water. The best yield of 691.3 g m-2 was obtained in

the treatment with micro-sprinkler spacing of 1.50 m at IW/CPE ratio 0.875.

(Key words: Water scarcity, Micro-sprinkler irrigation, Saline soil, Water saving, Conventional

irrigation)

*Corresponding author: E-mail: kkmahanta@yahoo.com

The agriculture in the coastal agro-ecosystem

is primarily rainfed in nature and is characterized

by excess flooding of water on the agricultural lands

during the rainy season followed by acute fresh

water scarcity in the post monsoon period (Yadav,

2004; Rai, 2004).

After meeting the evapo-transpiration demand

of the crop, the surplus rainwater available during

the monsoon period needs to be conserved in

reservoirs and the same may be utilized for life

saving irrigations to the crops during the lean

period. Irrigation systems should be efficient and

relevant to give solutions to the increasing demand

of food and to the development, sustainability and

productivity of the agricultural sector (Singh et al.,

2004). The design, managing and operation of

irrigation systems are crucial factors to achieve an

efficient use of the water resource and the success

in the production of crops and orchards (Spieler,

1994; Singh and Mohan, 1994; Kumar et al., 2009).

Efficient utilization of available water resources is

crucial for a country (Sarkar et al., 2008) like, India,

which shares 17% of the global population with only

2.4 % of land and 4 % of the water resources. The

annual food grain requirement of India, works-out

to be 450 million tones by the year 2050 and the

per capita availability in terms of average utilizable

water resources, which was 6008 m3 in 1947

(presently 1250 m3) is expected to dwindle down to

760 m3 by 2050. Agriculture is one of the most

important sectors of Indian economy, which

accounts for around 25 % of the Nation’s Gross

Domestic Product. Agricultural sector is the largest

consumer of water. To meet the food security,

income and nutritional needs of the projected

population in 2020, the food production in India

will have to be almost doubled. Adoption of micro-

irrigation may help in saving significant amounts

of water and thus, increase the area under

cultivation, quality as well as quantity of the

agricultural products. All these emphasize the need

for water conservation and improvement in water-

use efficiency to achieve more crop per drop.

The coastal West Bengal consists of deltaic flat

low lands. The upper soil is silty clay loam or silty

clay in texture. Most of the areas of this region are

mono-cropped with paddy during the Kharif season

and due to scarcity of irrigation water most of the

land remain fallow during post monsoon period

(Rabi season). In Rabi season rice and some selective

vegetables such as okra are generally cultivated.

However, as the ponds become dry towards the

summer, it becomes difficult for the farmers to get

sufficient water for life saving irrigations with

conventional irrigation practices. Under such

circumstances, performance of improved methods



like pressurized irrigation with higher efficiency

needs to be evaluated.

MATERIALS AND METHODS

The location of the experimentation was Central

Soil Salinity Research Institute, Regional Research

Station, Canning Town farm at Latitude: 220 15 ' N;

Longitude: 880 40' E and Altitude: 3m above MSL.

The experiment was carried out during the rabi

season of 2003-04. The detail layout of the micro-

sprinkler irrigation system is shown in Fig. 1.

bypass, pressure gauge; filter, air valve, main,

control valve, laterals, micro-sprinkler, connector,

and stakes. The plot size was 20m x 20m on a

medium land. The soil was silty clay loam in texture

and saline, where if leaching is insufficient, salinity

goes on increasing towards the summer.

Table 1. Details of the micro-sprinkler irrigation

experiment

Sl. Particulars Description

No.

1 Water source Runoff water collected

during the rainy season in

farm pond

2 Source of energy 3 HP electrical pump

3 Filter type Screen

4 Operating pressure 1~2 kg cm-2

5 Discharge of each 44 liters hr-1

sprinkler

6 Height of stakes 15 cm

7 Crop spacing 0.5 m

8 Crop variety Debgiri (Dwarf)

Fig. 1. The layout of the micro-sprinkler irrigation system

There were total five treatments viz. a) four

treatments under micro-sprinkler irrigation system

and b) conventional irrigation (flooding through the

furrow of 15 cm depth). The micro-sprinkler

treatments were: i) T
1
: IW/CPE = 0.625, ii) T

2
: IW/

CPE = 1, iii) T
3
: IW/CPE = 0.875, and iv) T

4
: IW/

CPE = 0.75. The detail of the micro-sprinkler

irrigation experiment is given in Table 1. The

components of the micro-sprinkler irrigation system

were foot valve, suction pipe, 3 HP electrical pump,

The spacing of the micro-sprinklers was put in

such a way that there was difference in amount of

water application as per the requirement. The

irrigation was applied when cumulative pan

evaporation (CPE) became 12 mm. The application

efficiency of the micro-sprinkler system was

computed by the following formula (Murthy, 1985):

Application efficiency (%) =
 Minimum rate caught  

x 100   (1)
                                       Average rate applied

The conventional method of irrigation consisted

of flooding the furrows of 15 cm depth. The water

was lifted by an 1 hp electrical pump and diverted

to the plot, which was measured by a V-notch. The

efficiency of the conventional method of irrigation

was computed by (Michael, 1978):

E
a
=
  W

s
    

x 100    
                                                       

(2)
       W

f

where, E
a
 = water application efficiency (%), 

s
W =

water stored in the root-zone of the plants and fW =

water delivered to the field. The uniformity was

computed by placing tin cans at the 0.5 m × 0.5 m

grids and operating the system for a specific period.

RESULTS AND DISCUSSION

Weather conditions

The coastal West Bengal belongs to the humid

region with average annual rainfall of 1768 mm. But,
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more than 80 % of annual rainfall generally occurs

within four months of the monsoon period. Overall,

the rainfall is erratic. Hence, irrigations are

necessary for growing the crops successfully. The

water coming out from the micro-sprinklers become

tiny droplets and thrown into the air, which may be

carried away from the destination affecting the

uniformity of application. The average wind speed

in different weeks starting from January is shown

in Fig. 2. The wind speed increases towards the later

part of the crop growing period; therefore, it is better

to utilize the irrigation system as early as possible

after the monsoon period for improving the efficiency

of irrigation. The rainfall in different weeks starting

from January is shown in Fig. 3. It was observed

that the rainfall received during the crop growing

period did not fulfill the crop water requirement,

therefore, irrigations are necessary. The cumulative

evaporation and rainfall were 47 cm and 8.47 cm

respectively during the cropping period.

The month-wise water quality (EC and pH) in

the farm pond which was used as the source of

irrigation is shown in the Fig. 4. Though there was

increasing trend in salinity, EC remained below 2

dSm-1 throughout the cropping period. The pH of

the irrigation water was also neutral, varied between

7.03 to 7.6.

Fig. 2. The average wind speed in different weeks

staring from January

Fig. 3. The average daily rainfall in different

meteorological weeks at Canning Town

Table 2. Amount of irrigation water applied and

water saving in different treatments

Sl. Irrigation Amount of Water saving over

No. method water applied conventional

(cm) irrigation (%)

1 Conventional 61.10 —

2 IW/CPE=0.625 29.37 51.4

3 IW/CPE=1.00 47.00 23.1

4 IW/CPE=0.875 41.12 32.7

5 IW/CPE=0.75 35.25 42.3

Fig. 4. The water quality of the farm

pond in different months

The water application efficiency computed by

Eq. 2 of the conventional method of irrigation was

41 % and that of the micro-sprinkler irrigation

system was estimated to be about 70 % (Eq. 1).

Therefore, the efficiency of micro-sprinkler system

for water application was 29 % higher than the

conventional method. Among the different irrigation

treatments the highest water saving was observed

with IW/CPE = 0.625 which is 51.4 % more over

conventional irrigation.

The different amount of irrigations applied

during the experimentation under various

treatments is shown in Table 2. As seen in the table,

there was on an average 37.375 % saving in

irrigation water as compared to the conventional

method of irrigation.

E
C

 (
d

s
m

-1
)/

p
H
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The moisture content in the root-zone up to 40

cm depth at every 10 cm interval is shown in Fig. 5.

As shown in figures, the soil moisture distribution

pattern in the root zone is more uniform for micro-

sprinkler irrigation system than the conventional

method. The comparison of soil  moisture

distribution between micro-sprinkler irrigation

method and the conventional method is presented

in figure 5. As seen in figure 5, the root zone soil

moisture content distribution is more uniform in

case of micro-sprinkler irrigation varying between

20-25 %. But, in conventional method, the top soil

layer has higher soil moisture as compared to lower

depths, from where evaporation loss is more.

Soil Salinity

The soil samples were collected from the

different plots in the month of January. The soil

salinity at this time and the salinity change due to

application of irrigation are shown in Fig. 6. It is

seen in the figure that despite of less amount of the

irrigation water in the micro-sprinkler irrigation

system, there was more salinity reduction in the

root zone. Also, the soil salinity remained more

where the micro-sprinkler spacing is more.

Yield of Okra as affected by different irrigation regime

The average yield under micro-sprinkler

irrigation system was 27 % higher than that

obtained under conventional method of irrigation

Fig. 5. Soil moisture content in the root-zone

under different treatments

with about 29 % saving of water. The best yield of

691.3 g m-2 was obtained in the treatment with

micro-sprinkler spacing of 1.5 m at IW/CPE ratio

0.875 (Fig.7). The treatment wise yields are

T3>T2>T1>T4>C. As the yield was better under

micro-sprinkler irrigation, the same may be adopted

in the coastal saline areas for greater benefit. The

moisture content of the plant computed by oven

drying was 80 %. The average dry weight of the plant

in micro-sprinkler irrigation was 24.6 % more than

that by the conventional method of irrigation.

Fig. 6. The soil salinity in the root-zone under different treatments

Fig. 7. The yield of Okra under different treatments

Okra cultivation with the micro-sprinkler

irrigation system saved about 29 % of fresh water

than the conventional method of furrow irrigation.

The efficiency of the micro-sprinkler irrigation

system was evaluated to be about 70 %. The average

yield under micro-sprinkler irrigation system was

27 % higher than that obtained under conventional

method of irrigation. The best yield of 691.3 g m-2

was obtained in the treatment with micro-sprinkler

spacing of 1.50 m at IW/CPE ratio 0.875.
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Photosynthetic Performance and Yield of  Watermelon Grown

under Biodrainage (Casuarina equisetifolia) Vegetation
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S. K. JENA, R. K.MOHANTY and A. KUMAR

Directorate of Water Management (ICAR)

Bhubaneswar - 751 023, Odisha

The rise of water table situation, which causes waterlogging in agricultural field, can be
controlled with biological drainage in addition to usual engineering drainage measures. The
process uses the transpiration properties of trees. The biodrainage species, also known as
“phreatophytes”, is able to draw water directly from the groundwater table or from the capillary
fringe above it and eventually transpiring it to atmosphere. This causes decline in water table
beneath the vegetation bringing waterlogged field to cultivable condition. Under such scenario
in post monsoon season watermelon was cultivated as intercrop in a biodrained field under
Casuarina equisetifolia plantation. Comparative photosynthesis performance of watermelon in
field with and without Casuarina plantation was evaluated. The objective was to physiologically
evaluate productivity of intercrops l ike watermelon under biodrainage vegetation and

understanding the tree-intercrop interaction in reclaimed field. The Casuarina plantation on an

average caused 21-34% reduction in incident of photosynthetically active radiation (PAR) over

watermelon crop in comparison to control. In spite of reduced PAR, photosynthesis rate in two

cultivars ‘Mokasa’, Arka Manik and local ‘Sugar baby’ was higher (24.63, 20.36 and 19.43 m mol

m -2 s-1) than control (21.80, 19.60 and 18.93 m mol m-2 s -1, respectively). The excess soil water

in root zone in control field caused reduction in photosynthesis, stomatal conductance as well

as yield, in all the three cultivars. Inside biodrainage vegetation the photosynthesis, stomatal

conductance and yield of all the cultivars were better than control. However, cultivars Mokassa

and Arka Manik were found better than local ‘Sugar baby’ both in photosynthetic performance
as well as yield and therefore, were more suitable cultivar as an intercrop inside Casuarina

biodrainage vegetation.

(Key words: Biodrainage, Casuarina, Intercrop, Photosynthesis, Watermelon)

Excess water in agricultural field imposes

difficulty for cultivation of crops. The excess of water

on the agricultural lands due to poor drainage as

well as rise of groundwater table causes stress to

crop and reduce crop yield. In India 8.5 million

hectares of agricultural lands suffer due to problem

of waterlogging (Singh, 1999) and Orissa is one of

the major affected state (Panda, 2008). The excess

water situation in field imposes restriction of the

normal circulation of air in soil, leading to decline

in available oxygen with increase in carbon dioxide

in root zone as soil pores in the root zone of crops

become saturated. This situation leads to reduced

root activity and suboptimal performance of plants.

The drainage approach using trees or the concept

of “bio-drainage” provides alternative to the usual

engineering drainage measures and reduces the

problem of rising groundwater table by keeping it

low beyond root zone (Das et al., 1990, Chhabra

and Thakur, 1998, Heupeman, 2000, Jena et al.,

2011). These groups of plants are also known as

“phreatophytes” as they draw water directly from

the rising groundwater table or from the capillary

fringe above it and subsequently transpire it to

atmosphere effectively (Bhutta and Choudhry 2000,

Heuperman, 2000). In our previous report it was

reported that during post monsoon season there was

a distinct draw down of water table underneath

Casuarina plantation and watermelon was found

compatible intercrop for cultivation under receding

water table scenario underneath plantation (Roy

Chowdhury et al,. 2009). In the present study an

attempt was made to evaluate photosynthesis

performance of watermelon cultivars under Casuarina

plantation and in field without Casuarina plantation

in coastal waterlogged area. The objective was to

evaluate impact of high water table in the field on

photosynthetic performance of inter crop watermelon

and ameliorative effect of biodrainage vegetation on

it. This would provide better understanding of tree-

intercrop interaction to sustain productivity in coastal

waterlogged area through biological drainage.

*Corresponding author: e-mail: somnath_rc@yahoo.com



MATERIAL AND METHODS

Location of experimental site and installation of
observation bores and monitoring of hydrological
parameters

An on-farm experiment was conducted at village

Baghadi of Erasama block, in Jagatsinghpur district

in Orissa. Shallow observation bores were installed

at plantation site for monitoring fluctuation of water

level underneath Casuarina vegetation and at place

without plantation which served as control. The

bores constructed were of size 40 mm diameter of

PVC pipes, installed in 100 mm diameter size auger

hole up to depth of 3 m slotted below 1 m from

surface. The space between 40 mm PVC pipes and

100 mm auger hole was back filled with coarse sand

over the slotted section of the pipe. The top 1 m

section of the pipe was back filled with mixture of

clay and bentonite to prevent vertical leakage from

the surface along the pipe to the screen (Heuperman,

1999).

The water levels inside the observation bore

were monitored with water level indicator with a

sensor and sound device (KL-010 Dip meter, M/s

Messtechnik, GmBH, Germany). Whenever the

sensor came in contact with water level inside bore

as indicated by sound device, the corresponding

water level data was recorded. The level of water

above ground was measured with a measuring scale.

Cul t ivat ion of  b iodra inage species  and
establishment of Casuarina vegetation

For use as a bio-drainage vegetation, Casuarina

equisetifolia Forst. was selected for cultivation.

About half kg. seed is sufficient to produce about

10,000 healthy seedlings. Raised beds were made

of 5x2 m size with mixture of sandy soil and farm

yard manure (FYM) in 10:1 ratio. After sowing in

November, mixture of a thin layer of sand mixed

with wood dust was sprinkled over seeds to check

evaporation from nursery bed. Adequate water was

applied for germination of seeds. Seeds germinated

within ten days and seedlings attained 10-15 cm

height within one and half month. At this stage

seedlings were taken out of bed and were placed in

polythene bags of 7 cm diameter and 15 cm height

filled with sand and FYM mixture as that of nursery

bed. Seedlings were used for transplantation once

they attained about 40 cm length and it took about

another one month.

In waterlogged areas l ike the present

experimental sites, the soil is generally compact in

nature and plantation was raised on pits. Pits of

30 cm3 size were made in 4 x 4 m spacing. The

bottom of each pit was filled with one kg FYM and

30 g single super phosphate and granular

Carbofuran 10G @ 7 kg ha-1. The seedlings were

planted at a spacing of 4 x 4 m with a population

density of 625 plants per ha. Seedlings were placed

at a depth of 6 cm in the pit. The Casuarina plants

raised in polythene bags were placed gently over

the layer of FYM. Care was taken so that root

systems were not disturbed and not subjected to

planting shock. After planting in post monsoon dry

period in January, the soil was repeatedly loosened

to promote root growth and penetration to soil. The

N:P:K were applied in Casuarina vegetation @

70:20:35 kg ha-1 after one month of planting before

onset of monsoon.

Occasionally, Carbofuran granules (10G) were

given @ 10 gm plant-1 whenever there was attack of

pest at the base of Casuarina plant. Initial six

months period after planting is highly critical for

establishment of bio-drainage plantation due to

chance of inundation and hence it requires thorough

agronomic management practice like earthing up.

Before onset of monsoon at the base of each

seedling, earthing up operation was taken up by

preparing raised mound of 45 cm height so that

waterlogging at the base of the stem is deferred.

This process was repeated every year to maintain

the size of the mound. Once the plants are

established, Casuarina seedlings have capacity to

withstand water logging for two to three months,

even though their growth is retarded. During

prolonged water logging, the leaf turns yellow and

the leaf colour is reversible to green whenever the

waterlogged condition is over. Thus, it suits well

for cultivation in areas prone to waterlogging.

Cultivation practices of watermelon intercrops in

rabi season

Raising of watermelon seedlings in poly bag

nursery

Due to excess soil moisture till December, soil

physical condition doesn’t facilitate tillage operation.

Hence, to avoid time delay, intervention was made

for raising watermelon seedlings in nursery in the

polythene bags. When the field was cultivable by

the mid-December in the mean time, the seedlings

at 2-4 leaf-stage were ready in the polythene bags

in nursery for planting directly in field. Thus, by

growing watermelon seedlings in the polythene bags

hastened plant establishment by 20-25 days

compared to the local practice of direct seeding in

the water-logged ecosystem and the entire crop
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growth cycle as well as harvest could be brought

forward by 20-25 days. This intervention helped

farmers to avoid market glut and produce fetched

better price.

The watermelon cultivars Sugar baby, Mokassa

and Arka Manik were cultivated in randomised block

design in 16x16 m size plots with three replications.

The interspaces between trees were ploughed and

FYM@10 t ha-1 was applied. In between Casuarina

trees, spaced 4 m apart, 6 cm high mounds of 1 m

diameter were prepared. The spacing for mounds

was 4x4 m apart. Thus in each plot there were 16

mounds. In each mound, four seedlings of

watermelon were planted. The nursery grown 2-4

leaved stage seedlings were used as planting

material. Initially for two days after planting, pot-

irrigation was given to each mound for

establishment of seedling. Recommended dosage of

fertilizer N, P and K were given @ 40, 40 and 40 kg

ha-1 respectively. The P and K were applied at the

time of planting whereas N was applied 50% at the

time of planting (DAP) and rest 50% was split in

two equal dosages applied at 30 and 60 days after

planting and all fertiliser applications were finished

before one set of fruiting. To compare effect of

biodrainage, nursery grown watermelon seedlings

were also grown in neighbouring field outside the

plantation area following similar layout and package

of practices.

Measurement of chlorophyll content of leaves

The total chlorophyll content of leaves were

measured by sampling fourth leaf from the top of

each plant. The chlorophyll was extracted with 80%

acetone and absorbance was measured at 652 nm

following method of Yoshida et al. (1976).

Photosynthesis observation

The photosynthetic rate (P
n
) ,  stomatal

conductance (g
s
), photosynthetically active radiation

(PAR), and substomatal CO
2
 concentration (C

i
) were

measured under ambient condition with fully

expanded leaf, fourth from the top of each plant

using a portable infrared gas analyser (CIRAS2, PP

Systems Inc, Hitchin, Herts, UK) using a universal

leaf cuvette, 90 days after planting. Before use the

system was calibrated so that there was no drift for

calibration curve for water vapor and CO
2
 calibration

curve.

Standard error of treatment means,

correlations, regressions and t tests were calculated

following standard procedure (Gomez and Gomez,

1984).

RESULTS AND DISCUSSION

The water level inside observation well at

plantation site was always remained at lower level

than at site without biodrainage vegetation.

Therefore, Casuarina plantation could lower the

water table during entire experimental period i.e.

from January to May (Table 1). The maximum

drawdown of -57 cm was noted in the month of

January, during early establishment phase of

watermelon crop. However during February due to

rain, the extent of drawdown reduced to -32cm.

Thereafter, the drawdown was -47, -53 and -40cm

in March, April and May, respectively. Thus, on an

average during experimental period the average

drawdown of water table underneath biodainage

vegetation was -45.8 cm. In other words, the

phreatic surface of water table in control field was

45.8 cm closer to roots of watermelon crop than

crop under biodrainage vegetation. Biodrainage

vegetations like Eucalyptus, Casuarina have been

found to lower water table underlain plantations

(Heuperman, 1999, Morris and Collopy, 1999).The

shallow water table depth often affects the growth

of crops due to excess water near root zone and

associated salinity problem (Heuperman et al.,

2002). Even though in present experimental

condition with flat land topography where it is

difficult to delineate recharge and discharge zone,

clear draw-down of shallow water table at

experimental site suggested that discharge

characteristics were established beneath Casuarina

plantation.

The four years old Casuarina plantation at

experimental site on an average caused 21-34%

reduction in incident PAR over watermelon crop in

comparison to control, i.e., watermelon crop without

plantation. Lower level of light has been found to

influence stomatal behaviour as well as reduce

chlorophyll content of leaves (Fu et al., 2010).

However, except at initial stage of 30 days after

transplanting (t = 3.60*>2.77 significant at p=0.05),

where watermelon crop in biodrained field showed

Table 1. The changes in water level (cm) in

observation bores in control (without vegetation)

and under Casuarina plantation (biodrained) at

different months during experimental period. The

draw-down level is shown as Biodrainage - Control

January February March April May

Biodrained -133 -140 -123 -145 -127

Control -76 -108 -76 -92 -87

Draw-down -57 -32 -47 -53 -40
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significantly higher chlorophyll content in leaves

mainly in Mokassa and Arka Manik, the chlorophyll

content of three cultivars did not vary significantly

when compared between biodrained and control plot

without biodrainage vegetation at 60 (t = 0.98<2.77

at p=0.05) or 90 days after planting (t = 1.15<2.77

at p=0.05; Table 2). Therefore, the reduction in

incident PAR on watermelon crop under biodrained

field had no significant effect on chlorophyll content

of the leaves of watermelon intercrop. Under

Eucalyptus vegetation there had been reduction in

intercrop yield, presumably due to increased shade

of tree and tree-crop competition (Singh et al., 1998)

whereas co-cultivation of crops like sugarcane,

groundnut and sunflower with Sesbania grandiflora

has been reported to improve the performance of

the crops upto 30% under saline condition (Naik

and Manjunath, 1999). In present study, however,

Casuarina plants had much less leaf area (compared

to Eucalyptus; Morris and Collopy, 1999). Moreover,

the 4x4 m spacing followed for plantation in present

experiment is much wider than fol lowed in

Eucalyptus (3x1.5m; Singh et al., 1998). Therefore,

shade due to Casuarina plantation had negligible

impact on watermelon crop growth and there was

no significant difference in chlorophyll content in

watermelon leaves between control and biodrained

condition at later stages of crop growth.

The transpiration rate of watermelon leaves also

did not show much difference between biodrained

and control field (Table 3). Therefore, despite clear

drawdown of water level in biodrained plot, available

soil water did not impose restriction on transpiration

rate of watermelon intercrop both in control and

biodrained field and could be due to non limiting

soil moisture condition in field. However, ‘Mokassa’

and ‘Sugar baby’ maintained higher transpiration

rate than ‘Arka Manik’ both in control and

biodrained condition. The transpiration rate of

Mokassa was found higher than both ‘Sugar baby’

and ‘Arka Manik’ both in control as well as

biodrained condition (Table 3). The photosynthesis

rate in ‘Mokassa’ was 24.63 m mol m-2s-1, whereas

in control it was 21.80 m mol m-2s-1. In ‘Arka Manik’

the net photosynthesis rate was 20.36 m mol m-2.s-

1 but under non-biodrained control field it was 19.60

m mol m-2s-1 (Table 3). The cultivar ‘Sugar baby’

showed net photosynthesis rate 19.43 m mol m-2s-

1 in biodrained field and 18.93 m mol m-2s-1 in

control (Table 3). The stomatal conductance (gs) was

also found significantly higher in ‘Mokassa’ and

‘Sugar baby’ under biodrainage vegetation compared

to that in control (Table 3). The difference between

control and biodrained condition was more apparent

in ‘Mokassa’ than in ‘Sugar baby’. In ‘Arka Manik’

however stomatal conductance did not differ

Table 3. The changes in net photosynthesis rate (Pn, m mol m-2s-1) transpiration (Tr, m mol m-2s-1)

stomatal conductance (gs , m mol m-2s-1) and substomatal carbon dioxide concentration (Ci, ppm) and

in three cultivars of watermelon under control (without vegetation) and under Casuarina plantation

(biodrained). Each value is mean of three replications. Values in parntheses are ± standard error of mean

Cultivar Bio-drained Control

Pn Tr gs Ci Pn Tr gs Ci

Mokassa 24.63 7.39 474.66 280.66 21.8 7.05 286.33 395.66

(±2.64) (±0.6) (±82.39) (±8.48) (±1.39) (±0.36) (±4.98) (±13.51)

Arka Manik 20.36 6.42 410.40 266.66 19.6 6.30 283.33 415.66

(±2.64) (±0.16) (±5.07) (±1.96) (±0.49) (±0.18) (±3.81) (±11.14)

Sugar baby 24.63 7.51 504.0 275.96 18.93 7.64 308.66 477.33

(±2.64) (±0.30) (±46.95) (±8.25) (±0.11) (±0.10) (±12.75) (±7.3)

Table 2. Chlorophyll content (mg/g fresh weight leaf tissue) of three cultivars of watermelon at different

stages of crop growth, cultivated under 4 year old Casuarina plantation (bio-drained) and control

(non-biodrained) condition. Each value is mean of three replications. DAP days after planting

Name of cultivar Bio-drained Control

30 DAP 60 DAP 90 DAP 30 DAP 60 DAP 90 DAP

Mokassa 3.65 3.51 3.16 3.42 3.47 3.12

Arka Manik 3.44 3.46 3.11 3.39 3.42 3.14

Sugar baby 3.39 3.28 2.98 3.41 3.32 3.19

lsd at p=0.05 0.12 0.13 0.09 0.05 0.06 0.06
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significantly between control and biodrained

condition. The substomatal CO
2
 concentration (C

i
)

however, was found significantly higher in control

than in biodrained condition in all the three cultivars

(Table 3). Therefore, it was apparent that non-

biodrained condition depressed the net

photosynthesis rate in watermelon consequently

elevating substomatal CO
2
 concentration. In

angiosperms, stomatal closure (decreased g
s
) is

initiated through sensing high C
i
 as a component

of improved water use efficiency (Farquhar and

Sharkey 1982). Therefore, reduction in g
s
 in non-

biodrained field concomitant with reduced P
n
 and

resultant elevated C
i 
further emphasized constraints

in photosynthesis process in watermelon intercrop

in absence of drainage.

Changed environmental condition like light,

ambient CO
2
 concentration (Fu et al., 2010, Lin et

al., 2001) even water regime (Bosabalidis and

Kofidis, 2002) had been reported to modulate

developmental ontogeny of stomatal frequency and

their distribution on leaf. In our study the

transpiration and stomatal conductance (g
s
) showed

significant association both under biodrained

(y=0.007x+0.3097; r 0.90** significant at p=0.01,

n= 9) and control (y=0.0118x+1.1963; r 0.69*

significant at p=0.05, n=9) condition. Favourable

soil water regime and presence of Casuarina

plantation provided shelter against sea breeze,

bringing stronger association between stomatal

conductance and transpiration in watermelon under

plantation. Similarly photosynthesis rate and g
s

showed significant association under biodrained

condition (y=0.0238x+10.341; r 0.67* n= 9). The role

of stomata in regulation of gas exchange and

transpiration between plant and atmosphere is well

documented in literature (Brodribb et al., 2009).The

observed positive linear association between g
s
,

transpiration and net photosynthesis could be due

to tight stomatal control for net CO
2
 uptake in

watermelon crop in biodrained plots. However in

control i.e. without Casuarina vegetation, net

photosynthesis rate and g
s
 showed no significant

association (r 0.42 n=9), even though significant

association existed between transpiration with g
s
.

The responsiveness of stomata to CO
2
 has been

reported to change with changes in ambient

humidity (Frechilla et al., 2002, Talbot et al., 2003)

and loss of CO
2 
sensitivity was more apparent under

water abundant condition (Brodribb et al., 2009).

Therefore un-drained condition and excess soil

water in root zone of watermelon in control plots

might have induced stomatal insensitivity and the

net photosynthesis rates were governed by other

nonstomatal factors under excess soil water

situation. Thus through biodrainage, Casuarina

vegetation could establish better soil-water

environment for the watermelon intercrop. The

watermelon intercrop grown under biodrained

environment maintained higher stomatal

conductance for higher photosynthesis rate and

maintained lower C
i
 level than crop grown without

drainage. This was also reflected in yield

performance of watermelon cultivars (Table 4). There

was significant improvement in yield in all the three

cultivars under biodrained condition (t- 2.80*>2.57

at p=0.05). The yield was significantly more in

‘Mokassa’ and ‘Arka Manik’ than ‘Sugar baby’

suggesting their superiority for cultivation as inter

crop under Casuarina biodrainage vegetation.

Therefore Casuarina  vegetation can be

effectively used for lowering the rise in water table

in waterlogged area. Watermelon can be grown as

intercrop in biodrained area and there is significant

increase of yield of watermelon grown as intercrop

in biodrained area. The watermelon grown under

biodrained condition showed improvement in

photosynthesis through better stomatal

conductance and other nonstomatal factors as was

evident through higher yield in comparison to crop

raised without biodrainage. Better drainage and

lowering of water table facilitated by Casuarina

vegetation presumably provided better growth

condition to watermelon crop in biodrained field

than field without drainage. The cultivars Mokassa

and Arka Manik were found better yielder under

biodrained condition with Casuarina vegetation.

Table 4. Yield performance (t/ha) of three cultivars

of watermelon cultivated under 4 year old

Casuarina plantation (bio-drained) and

control (non-biodrained) condition.

Each value is mean of three replications

Name of cultivar Bio-drained Control

Mokassa 10.38 7.73

Arka Manik 10.95 7.90

Sugar baby 6.63 5.97

lsd at p=0.05 1.70 1.96
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Response of  White Onion (Allium cepa L.,) to Deficit Irrigation

under Micro-irrigation System in Konkan Region of  Maharashtra

G. G. KADAM, M. S. MANE*, S. T. PATIL  and B. L. AYARE

College of Agricultural Engineering & Technology, Dapoli,

 Maharashtra - 415 712

An experiment was conducted at College of Agricultural Engineering and Technology, Dapoli to
assess the response of white onion under different irrigation schedule on micro-irrigation system.
In the present investigation white onion variety Alibag local was tested under three irrigation levels
namely I1 ( no deficit), I2 (20% deficit) and I3 (40 % deficit) on mini-sprinkler (M1) and micro-sprinkler
(M2) irrigation methods, while the conventional check basin method was taken as control. The
maximum average yield was attained in irrigation level I1 as 39.76 t ha-1, while the minimum average
yield of 24.97 t ha-1 was recorded for irrigation level I3. The maximum yield of 42.37 t ha-1 was
recorded for treatment combination M2I1 followed by treatment combinations M1I1 (37.26 t ha-1) and
M2I2 (36.03 t ha-1). In control treatment the yield of 17.52 t ha-1 was recorded. The maximum water
use efficiency 14.51 q/ha-cm was reported in treatment combination M2I1 and the minimum water
use was found 10.98 q/ha-cm in treatment combination M1I3. The fertilizer use efficiency followed

the same trend. The maximum fertilizer use efficiency 176.12 was recorded in treatment combination

M2I1 and minimum 99.54 was obtained in treatment combination M1I3. In control fertilizer use efficiency

was 73.01, which was lowest amongst all treatments.

(Keywords: White onion, Deficit irrigation, Micro-irrigation)

Water is the most vital input in agriculture and

has made a significant contribution in providing

stabil ity to food grain production and self

sufficiency. India has 2.4 per cent of land mass and

4 per cent fresh water resources of the World, but

supports 17 per cent of the world population. In

the country 91.6 per cent of the water is used for

irrigation purpose as compared to 84 per cent in

Asia and 71 per cent in the World (FAO, 1999). The

total geographical area of India is 328.72 Mha, out

of which 142 Mha is the cultivated area. It is

estimated that out of the total cultivated area, only

35 per cent is irrigated and remaining 65 per cent

is sown under rain fed condition. Tremendous

efforts have been made in the past to increase the

irrigated area through construction of large number

of surface irrigation projects and through

groundwater resources. As a result, the irrigated

area has jumped by almost 250 per cent from what

it was in 1950-51. The ultimate irrigation potential

in the country is tentatively estimated at 140 Mha,

comprising 58.47 Mha through major and medium

irrigation projects and 81.54 Mha from minor irrigation

projects, which the country has achieved among 1950-

51 up to 2002-03 (Narayanmoorthy, 2006).

With the existing practices, water use efficiency

is only about 40 per cent. Available estimates

indicate that by 10 per cent increase in water use

efficiency, country can gain about 50 million tons

of additional food grain production from the existing

irrigated area. Both sprinkler and drip irrigation are

mainly the advanced techniques, which will replace

the surface irrigation methods and help to bring

more area under irrigation with increased

productivity. These methods have very high

irrigation efficiency, which can save water from 30

to 60 per cent and are adaptable on hilly terrain

and light soils (Mane and Ayare, 2007).

Deficit irrigation is the new concept in scientific

water management. Deficit irrigation can be defined

as an agriculture water management system in

which less than 100 per cent of the potential

evapotranspiration can be provided by a

combination of stored soil water, rainfall and

irrigation, during the growing season. Deficit

irrigation is an optimization strategy in which

irrigation is applied during drought-sensitive growth

stages of a crop. Outside these periods, irrigation

is limited or even unnecessary if rainfall provides a

minimum supply of water. Water restriction is

limited to drought-tolerant phenological stages,

often the vegetative stages and the late ripening

period. Total irrigation application is therefore not

proportional to irrigation requirements throughout

the crop cycle. While this inevitably results in plant

drought stress and consequently in production loss,

deficit irrigation maximizes irrigation water

productivity, which is the main limiting factor
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(English, 1990). In other words, deficit irrigation

aims at stabilizing yields and at obtaining maximum

crop water productivity rather than maximum yields

(Zhang and Oweis, 1999). In the present study white

onion crop was taken on micro-irrigation under

deficit irrigation.

MATERIALS AND METHODS

The experiment was conducted at Research

Farm at College of Agricultural Engineering and

Technology, Dapoli to study the response of white

onion to deficit irrigation. The experiment was laid

out with six treatment combinations and control.

The six treatments were arranged randomly on the

field. The factorial design included two factors viz.,

irrigation methods and irrigation levels. This

treatment combination was compared with the

control treatment i.e. with check basin irrigation.

The all treatments were replicated for four times.

The statistical design of lay out was adopted as

factorial randomized block design. Irrigation

methods were assigned to factors and levels.

Factors (Irrigation methods)

The irrigation methods details given as follows

M
1
 = Mini-sprinkler

M
2
 = Micro-sprinkler

Control (Check Basin)

Factor consists of two treatments viz., mini

sprinkler irrigation and micro sprinkler irrigation.

In mini sprinkler irrigation system, it consist of mini

sprinklers of 450 lph discharge placed at 5.0 m x

5.0 m spacing with riser height of 0.75 m at

operating pressure of 2.0 kg/cm2. Similarly, the

micro sprinkler irrigation system, the micro

sprinklers of 26 lph discharge placed at 1.5 m x 1.5

m spacing with riser height of 0.75 m at operating

pressure of 1.5 kg/cm2.

Levels (Irrigation levels)

The irrigation levels are as follows

I
1
 = No Deficit

I
2
 = 20 percent Deficit

I
3
 = 40 percent Deficit

Treatment combinations-

T-1 = M
1
 I

1
T-2 = M

1
 I

2

T-3 = M
1
 I

3
T-4 = M

2
 I

1

T-5 = M
2
 I

2
T-6 = M

2
 I

3

Control

The irrigation for mini and micro irrigation

system was scheduled on alternate day. For control

treatment irrigation was scheduled after 4 days

interval at the net depth of 50 mm.

RESULTS AND DISCUSSION

The findings of the present study as well as

relevant discussion have been summarized under

following heads,

Bulb yield

Individual effect of irrigation levels and irrigation
methods on average bulb yield

The individual effect of irrigation levels as

well as irrigation methods on average bulb yield of

white onion was analyzed statistically and results

are reported in Table 1. Among these parameters,

irrigation level was found most influencing

parameter on bulb yield. The irrigation level I
1

showed the significantly higher bulb yield as

compared with control and irrigation levels I
2
 and

I
3
.  Also, the irrigation levels I

2 
and I

3
 were

significantly superior over control. This showed the

response of white onion crop to irrigation and on

applying the deficit irrigation the yield of crop was

decreased. The higher yield was obtained in full

irrigation and reduced significantly from full

irrigation to deficit irrigation level. The result was

in conformity with those obtained by Zayton (2007),

Bekele and Tikahun (2007), Kumar et al., (2008),

Pejic et al., (2011).

The irrigation methods affected the bulb yield

significantly. The irrigation method M
2
 was

significantly superior over control as well as over

irrigation method M
1. 

Both the irrigation methods

Table 1. Effect of irrigation levels and irrigation

methods on average bulb yield of white onion

Treatments Average yield (t ha-1)

Irrigation levels

I
1

39.76

I
2

33.50

I
3

24.97

SE (m)+ 0.41

CD at 5% 1.22

Control 17.52

Irrigation methods

M1 30.70

M2 34.78

SE (m)+ 0.58

CD at 5% 1.72
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was obtained in treatment combination M
2
I
1
 (14.51

q/ha-cm) followed by M
2
I
2 

(14.14 q/ha-cm) (Table

3). The minimum water use efficiency occurred in

treatment M
1
I
3 

(10.98 q/ha-cm)
, 
while the control

(1.75 q/ha-cm) treatment was having very less water

use efficiency.

It is revealed from the data presented in Table

3 that the WUE ranged from 10.98 q/ha-cm to 14.51

q/ha-cm for different treatment combinations. The

maximum WUE was reported in irrigation level I
1

(No deficit) and minimum in irrigation level I
3 

(40%

deficit). The increase in WUE was largely due to

reduction in total water applied. The maximum

141.22% increase in yield over control was recorded

in treatment M
2
I
1,

 followed by treatment M
1
I

1

(112.62%) and treatment M
2
I
2
 (104.19%).

Fertilizer use efficiency

It was observed that the maximum fertilizer use

efficiency was obtained in treatment combination

of M
2
I
1
 (176.12) followed by treatment combinations

of M
1
I
1 

(155.24) and M
2
I
2 

(149.09). The fertilizer use

efficiency for control treatment was lowest (73.01),

which indicate that application of fertilizer with

increased irrigation level will not help in efficient

use of fertilizers. In control this might be due to

leaching of fertilizers, while for other treatment

combinations higher fertilizer use efficiency was

reported for the higher irrigation levels. The fertilizer

use efficiency for different treatments combinations

has shown in Table 4.

CONCLUSIONS

The individual effect of irrigation levels from I
1

to I
3
 shown the significant influence on bulb yield.

The treatment I
1
 (No deficit) was found most

significant to influence the bulb yield of white onion

crop. The maximum bulb yield (39.76 t/ha) was

observed in irrigation level I
1
 (No deficit) and

significantly superior than
 
I
2 

(20 % deficit) and I
3

(40 % deficit). The individual effect of irrigation

  Table 2. Effect of interaction of irrigation levels

and irrigation methods on average

bulb yield of white onion

Treatments Average yield (t ha-1) Mean

I
1

I
2

I
3

M1 37.26 30.96 23.89 30.70

M2 42.37 36.03 26.04 34.78

Mean 39.82 33.50 24.97

Method Level Int I x M

SE(m)+ 0.33 0.41 0.58

CD at 5% 1.00 1.22 1.72

Control 17.52

Table 3. Water use efficiency for different treatment combinations

Treatments Depth of water Yield( q ha-1) Water use efficiency % increase in yield

combinations applied (cm) (q/ha-cm) over control

M
1
I
1

29.58 372.57 12.60 112.62

M
1
I
2

25.66 309.60 12.07  76.68

M
1
I
3

21.75 238.89 10.98  36.33

M2I1 29.14 422.69 14.51 141.22

M2I2 25.31 357.81 14.14 104.19

M2I3 21.49 260.43 12.12  48.62

Control 100.00 175.23  1.75 —

have shown significantly superior results as

compared with control. In the control the bulb yield

was lowest due to poor soil aeration. This indicates

the need to adopt modern irrigation methods like

micro-sprinkler and mini-sprinkler for minimizing

the water loss, obtaining better bulb production and

productivity over traditional methods.

Interaction effect of irrigation levels and irrigation
methods on average bulb yield

The interaction effect of irrigation levels and

irrigation methods on average bulb yield has been

depicted in Table 2. The interaction effect of irrigation

levels and irrigation methods on average bulb yield

was significant. The higher bulb yield was obtained in

both the irrigation methods for all irrigation levels as

compared to control. The bulb yield in treatment

combination M
2
I
1
 (42.37 t/ha) was highest than all

other treatments as well as control (17.52 t/ha). The

bulb yield in treatment combination M
1
I
3
 (23.89 t/ha)

was lower than all other treatments but significantly

superior over control (17.52 t ha-1).

Water use efficiency

The water use efficiency is the ratio of yield

obtained in a particular treatment to the depth of

water applied. The maximum water use efficiency
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methods M
1 

to M
2
 have shown the significant

influence on bulb yield. The irrigation methods M
2

was significantly superior over the irrigation

methods M
1
. The maximum bulb yield (34.78 t ha-1)

was observed in irrigation methods M
2.

The interaction effect of irrigation levels and

irrigation methods on bulb yield was significant. The

maximum bulb yield (42.37 t ha-1) was recorded in

treatment combination M
2
I
1 
and found superior over

rest of treatment combinations.

The maximum WUE was found in treatment

combination of M
2
I
1 

(14.51 q/ha-cm) due to no

deficit. The minimum WUE 1.75 q/ha-cm was

recorded in control treatment. The increase in WUE

was large due to increased in total yield from 40%

deficit to no deficit. The maximum fertilizer use

efficiency was occurred in treatment combination

M
2
I
1
 (176.12) that were due to higher yield. The FUE

for control treatment was observed minimum

(73.01), which indicate that excess amount of water

applied in control resulted in leaching of fertilizers.

Table 4. Fertilizer use efficiency for different

treatment combinations

Treatments Yield Quantity of Fertilizer

combinations (q ha-1) fertilizers use

applied efficiency

(q ha-1)

M
1
I
1

372.57 2.40 155.24

M1I2 309.60 2.40 129.00

M1I3 238.89 2.40  99.54

M2I1 422.69 2.40 176.12

M2I2 357.81 2.40 149.09

M
2
I
3

260.43 2.40 108.51

Control 175.23 2.40  73.01
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Effect of  Irrigation with Industrial Waste Water on

Soil Health in Konkan Region of  Maharashtra

M. S. MANE*, R. P. AHER and U. S. KADAM

College of Agricultural Engineering and Technology,

Dr. Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli,

Maharashtra - 415 712

An investigation entitled ‘Effect of industrial waste water on soil health in Konkan region of
Maharashtra’ was carried out during the year 2009-10. Most the wastewater of Rasayani industrial
area is being discharged in the Patalganga River through different drains. The 10 observation
points in the drain contributing to Patalganga river were selected. The nearby field was selected
for conducting the experiment on which Spinach crop was grown. The soil samples were
analyzed before and after crop period. The soil pH (3.57 per cent), EC (96.67 per cent) and
bicarbonates (33.85 per cent) was increased after irrigating the field with industrial waste water,
while sodium, calcium and total dissolved salts were increased by 40, 39.47 and 17.66 per cent,
respectively. The concentrations of N, P and K were increased by 7.36, 30.98 and 6.32 per cent,
respectively in soil after irrigation with industrial waster water. The increase in P was more

than the others. The micro-nutrients like Fe, Mn, Cu and Zn were also increased substantially

by 12, 14, 60 and 100 per cent, respectively. Increase in Cu and Zn was more indicating that the

source might contains these elements. The effect of all these parameters results in increasing

the yield of Spinach crop significantly, compared to when irrigated by normal irrigation water.

However, the long term effect of irrigating the soil with industrial waster water needs to be

studied in future, as it might create some unfavourable changes in soil properties in due course

of time.

(Key words: Industrial waste water, Spinach)

Water is one of the important resources for the

survival of any living object. Fresh water is the

natural resource on which human activities, food

security and sustainability of the ecosystems

depends. The availability of the water itself and

quality of water is gaining more importance day by

day. The quantity and quality of water supplies pose

a serious problem today in many regions. The

deterioration of water quality due to urbanization,

land cover changes, contamination and depletion

of aquifers also exacerbate the problem of water

scarcity.

The fresh water availability on earth is only 3%.

The fresh water has vital role in human and

environmental life. The consequence urbanization

and industrialization put tremendous pressure on

fresh water. The urbanization and industrialization

increases the distortion of fresh water. For

agriculture, ground water is explored in rural area

where other sources of water like dam and river or

canal are not available. During the last decade it

was observed that ground water get polluted

drastically by increased human activities. A good

number of water analysis experiments regularly

conducted by various groups of chemist and

biologist across the country. The availability of fresh

water resources in the country is finite. In the

current century, both surface and groundwater

resources would come under tremendous pressure

due to increase in the population, improved living

standard and unprecedented industrial growth. The

inter-sectoral (domestic, industrial, agriculture,

recreation, power generation, transportation and

environment) competition would become furious not

only for the quantity of water but also for the fresh

quality water.

Rapid industrialization, intensive agriculture

and other anthropogenic activities have led to land

degradation, environmental pollution and decline

in crop productivity and sustainability causing great

concern to human and animal health. One of the

prominent sources contributing to increased soil

contamination is disposal of municipal wastewater.

The city sewage water is being largely used for

irrigation in the adjoining areas of the cities for

growing vegetable crops. In order to maintain the

soils in better fertility as well as productivity for

supply of essential plant nutrients for crop

production on sustainable basis without

deteriorating the soil health, it becomes imperative

*Corresponding author: E-mail: mahanandmane@rediffmail.com



to make through studies on impact of sewage applied

to agriculture lands. The city sewage water contains

significant organic matter and macro-micro-

nutrients essential for plant growth. However, it may

also contain potential contaminants such as heavy

metals like Ni, Cd, As, Cr etc. and pathogens and

therefore must be used appropriately. This is a

matter of concern because of persistence of metal

pollutants in soil, uptake by crops and cumulative

effects in animals and human beings.

Kulkarni and Tekale (1998) demonstrated the

use of waste water for irrigation purpose at field of

Water and Land Management Institute (WALMI),

Aurangabad (India). The studies revealed that the

waste water having maximum pH (8.20) and EC

(0.45 dSm-1) were found to be safe to use as

irrigation water . The yield of sugarcane, groundnut,

wheat obtained were 66.37 t ha-1, 17.04 q ha-1 and

24.25 ha -1,  respectively. This water can be

categorised as good water (0.45 dSm-1) as suggested

by Wilcox (1948). From the study it was revealed

that there was not any adverse effect after the use

of waste water on light and medium soil field at

WALMI. Also there was increase in the yield

especially in case of wheat, maize, pearl millet and

groundnut. Raw sewage water was used for the

experiment.

 Hayat et al., (2002) studied the effect of long-

term application of oil refinery wastewater on soil

health with special reference to microbiological

characteristics. They noted that heavy metal content

in the soil, repeatedly irrigated with treated water

was increasing because wastewater itself was best

source of these metals.

Saif et al., (2005) observed heavy metals

contamination through industrial effluent to

irrigation water and soil in Korangi area of Karachi

(Pakistan). Wastewater mixed with industrial

effluent used for irrigation in the vegetable growing

area of Korangi was tested for its heavy metal

contents. Four tube well water samples, soil and

plant samples were taken from the same area and

analyzed to assess their heavy metal contamination.

It was found that Zn was 0.005-5.5, Cu 0.005-1.19,

Fe 0.04-5.58, Mn 0.01-1.79 and Cd 0.004-2.4 mg

L-1 , respectively in various waste water samples. It

was noted that 4% samples contained Zn, Cu, Fe

above the critical values; while 7 and 21% samples

were higher than the required values in Mn and Cd,

respectively. Similarly, soil analysis (0-20 cm)

showed higher values of Zn, Fe, and Mn, and Cd at

some places. However, area irrigated with tube well

water was safe and heavy metal quantities were

within the limits in soil and plants.

Abedi- Koupai et al., (2006) studied the effect

of treated wastewater on soil chemical and physical

properties in a Borkhar region in Isfahan province

in central Iran. Soil samples were collected from

120 cm depth to determine concentration of lead

(Pb), manganese (Mn),iron (Fe), cadmium (Cd), nickel

(Ni), cobalt (Co), copper (Cu) and zinc (Zn). Irrigation

systems had no significant effect on extractable

heavy metals in soil. The accumulation of Pb, Mn,

Ni and Co in the soil increased significantly in the

wastewater treatment as compared to the

groundwater treatment. The accumulation of Pb,

Mn, Ni, Co, Cu and Zn decreases with the soil depth.

Irrigation system did not have significant effects on

accumulation of DTPA-extractable heavy metals

except for Co in soil.

Arya and lbordiny (2006) studied impact of

reused waste water for irrigation and availability of

heavy metals in sandy soils and their uptake by

plant. The results showed that total content of such

heavy metal in two soils were higher in surface layer

than those in lower ones.

MATERIAL AND METHODS

Experimental site

The experiment was conducted in the field

located in the M.I.D.C Rasayani Tal-Panvel, District-

Raigad. The co-ordinates of the locations are 18.890

N, 73.150 E. At present in the industrial area various

industries such as chemical industries and fertilizer

industries are present. Most of the waste water from

various chemical industries in Rasayani industrial

area is received by the perennial drain which is

contributed to the Patalganga River. The samples

were collected from the drain situated near the

Hindustan Organic Chemicals Private limited and

H.I.L fertilizers Private Limited. The samples were

collected from 10 various points of the drain where

industries discharges their waste water.

Selection of observation points

The sub-drains, means the drains from various

chemical industries disposing the waste water in to

the main drain were selected first. After selection,

the sub-drains were divided into three ridges viz.

head ridge, middle ridge and tail ridge for collection

of water samples. In this way classification of all

the sub-drains were done. The samples were

collected at these points after specific interval.
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Table 1. The chemical properties of the industrial waste water

Sr. No. Parameters Units Pt-1 Pt-2 Pt-3 Pt-4 Pt-5 Pt-6 Pt-7 Pt-8 Pt-9 Pt-10

1 pH – 7.65 7.58 5.91 8.09 6.64 6.41 6.82 6.59 7.27 7.31

2 E.C. dSm-1 0.33 0.37 3.76 3.16 0.93 1.07 1.01 0.97 0.23 0.26

3 T.D.S mg/l 149.78 181.62 1739.52 1635.08 430.43 414.93 379.60 377.29 91.39 100.27

4 Carbonates me/l 7.00 3.00 Nil 26.00 Nil Nil Nil Nil Nil Nil

5 Bicarbonates me/l 14.00 9.23 15.82 8.10 7.90 7.45 6.65 7.70 7.92 6.86

6 Calcium me/l 5.18 3.65 8.04 10.48 5.80 5.08 6.57 9.17 6.14 6.29

7 Sodium me/l 3.27 3.47 5.50 4.81 3.02 3.16 1.79 3.65 2.06 1.95

8 Chemical oxygen demand mg/l 221.82 304.83 568.55 424.33 328.00 353.28 91.93 150.20 250.88 282.50

9 Biochemical oxygen demand mg/l 86.62 122.03 188.25 128.02 108.25 121.15 28.81 45.32 100.53 113.43

10 Boron mg/l 0.32 0.42 1.71 2.56 0.55 0.62 0.24 0.77 0.08 0.10

11 Heavy metals

a) Copper ppm 0.05 0.02 0.15 0.35 0.22 0.21 0.13 0.19 0.05 0.07

b) Zinc ppm 0.08 0.18 0.24 0.26 0.18 0.13 0.10 0.15 0.03 0.04

c) Ferrus ppm 13.24 0.26 22.80 7.56 0.90 0.58 0.25 0.31 0.06 0.07

d)Manganese ppm 4.02 0.01 8.02 1.62 1.09 1.08 0.30 0.98 0.21 0.22
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Study the effect of waste water irrigation on soil health

As the waste water was used to irrigate the crop,

it was sure that the waste water affects the chemical

properties of soil. The effect of waste water irrigation

on the soil health was also studied. First sample of

soil was collected before the field experiment was

started and second sample of soil was taken after

the experiment was completed. The chemical

analysis of the collected soil samples was done. The

soil samples were analysed for availability of the

Nitrogen (N), Phosphorus (P) and Potassium (K) or

whether there was any change in proportion of N, P

and K after waste water irrigation, was observed.

The chemical analysis of soil samples were done

in the laboratory of Department of Agricultural

Chemistry and Soil Science, College of Agriculture,

Dapoli.

RESULTS AND DISCUSSION

Chemical properties of industrial waste water

The chemical properties of the industrial waste

water are given in Table 1. The analysis of water

samples showed that pH values are within a range.

The EC of water samples collected at point 3 and 4

was higher than permissible limit, while at other

locations showed moderate concentration of salt.

The TDS in the water sample from point 3 and 4

was moderately hazardous. Initial analysis of waste

water indicated that it was strongly alkaline in

nature with cations followed the order of Ca++>Na+.

The concentration of sodium was found higher than

the permissible limit at point 1 to 7, but at point 3

the sodium concentration was highest which was

followed by point 4, whereas the concentration of

bicarbonates were higher than the carbonates

because carbonates were found absent at most of

the locations. The calcium and bicarbonates

dominated ions causes detrimental effect on

chemical properties of soil and increased the pH of

soil which affects the availability of nutrient in soil.

The concentration of the toxic constituent like boron

was above the permissible limit at point 3 and point

4, but at point 3 it was in the safe limit. The B.O.D.

of water sample observed above the permissible level

at point 2, 3, 4, 5, 6, 9 and 10. The C.O.D. was

higher at point 3 and 4. All the results showed that

the industrial waste water except at point 3 and 4

was in the acceptable range for application of it as

irrigation water based on FAO standard (Pescod,

1992). The concentrations of all the micro-nutrients

were also in the permissible range.

Effect of industrial  waste water on chemical
properties of soil

The chemical properties of soil before irrigation

with industrial waste water, after irrigation with

industrial waste water and after irrigation with well

water are reported in Table 2. It is seen from the

table that the total dissolved salts are increased from

714.88 to 841.12 mgL-1 and 721.3 mgL-1 in the soil

Table 2. Chemical properties of soil irrigated with industrial waste & fresh water

Sr. No. Parameters Soil before Soil after irrigation Soil after irrigation Unit

irrigation with waste water with fresh water

1 Total dissolved salts (TDS) 714.88 841.12 721.3 mgL-1

2 Electrical conductivity (EC) 0.30 0.59 0.36 dSm-1

3 Acidity/basicity, pH 7.00 7.25 7.18 —

4 Calcium 3.80 5.30 4.06 meL-1

5 Sodium 0.45 0.63 0.48 meL-1

6 Carbonate — — - meL-1

7 Bicarbonate 6.5 8.7 6.9 meL-1

Micro-nutrients

8 Fe 0.25 0.28 0.26 ppm

9 Mn 0.035 0.04 0.039 ppm

10 Cu 0.05 0.08 0.06 ppm

11 Zn 0.03 0.06 0.04 ppm

Major-nutrients

12 N 39.2 56 41.3 Kg/ha

13 P 17.4 22.8 17.8 Kg/ha

14 K 15.6 21.8 15.9 Kg/ha
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with irrigation by industrial waste water and by

irrigation with well water. The increase in EC was 97

%, 10 %, while increase in pH was 3.6 %, 2.5%;

calcium was 39.47%, 4.91%; sodium was 40%, 4.76%

and bicarbonate was 33.85%, 4.60%, respectively for

the soil irrigated with industrial waste water and with

well water. The increase in chemical properties of soil

irrigated with well water indicated that though it

appeared that the well water was pure, it might

contains some elements which results in increase in

chemical properties of soil. The aquatic creatures like

fish and frog were alive in the well indicating the level

of chemical elements below lethal limit.

Effect of industrial waste water on nutrients

The effect of industrial waste and well water

irrigation on soil nutrient status is reported in Table

2. The major nutrients N, P, K were increased by

7.36%, 4.99%; 30.98%, 1.76% and 6.33%, 1.81%

after irrigation with industrial waste water and well

water compared with soil  before irrigation,

respectively. This increase in major nutrients was

beneficial with respect to yield of different crops.

The trend of micro-nutrients like Fe, Mn, Cu, Zn

was also similar to that of the major nutrients. The

micro-nutrients Fe, Mn, Cu and Zn shown the

increment by 12%, 3.57%; 14.29%, 10%; 60%,

12.5%; 100%, 16.67%, respectively after irrigation

with industrial waste water and with well water.

REFERENCES

Abedi-Koupai J., Mostafazadeh-Fard, B., M. A fyuni

and Beghaeri, M. R. (2006). Effect of treated

waste water on soil chemical and physical

properties in an arid region. Plant Soil

Environment 52(8): 335-344.

Arya, A. M. and lbordiny. M. M. E (2006). Impact of

reused waster water for irrigation and

availability of heavy metals in sandy soils and

their uptake by plant, Journal of Applied Scence.

Research 2(2): 106-111.

Hayat, S., Iqbal Ahmad, Z. M., Azam, A. Ahmad, A.

and Inam, Samiullah. (2002). Effect of long-term

application of oil refinery wastewater on soil

health with special reference to microbiological

characteristics. Bio Resource Technology 84:

159-163.

Kulkarni, S. M. and Tekale, G. R. (1998). Use of

was water for irrigation purpose. Journal of

Irrigation Development.

Pescod, M. B. (1992). FAO acceptable levels for

irrigation with potable water. Waste water

treatment and use in agriculture. FAO,

Irrigation and Drainage Paper 47, FAO, Rome.

Saif M. Saleem, Midrar-Ul-Haq and Kazi Suleman

Memon. (2005). Heavy metals contamination

through industrial effluent to irrigation water

and soil in Korangi area of Karachi (Pakistan).

International Journal of Agriculture and Biology

7(4): 646–648.

Wilcox, I.V. (1948). The quality of water for irrigation

use. U.S. Department Agric. Technology. Bull.

No. 962.

30(2) Waste water irrigation on soil health 49



J. Indian Soc. Coastal agric. Res. 30(2): 50-54 (2012)

Development of  Rainfall Intensity Duration Frequency Relationship

for Wakawali of  Konkan Region of  Maharashtra

B. L. AYARE*, M. S. MANE, S. T. PATIL and S. S. CHAVAN

College of Agricultural Engineering and Technology,

Dr.Balasaheb Sawant Konkan Krishi Vidyapeeth, Dapoli, Maharashtra

The automatic rainfall charts of 16 years duration(1988-2004) of Wakawali station of Ratnagiri

district of Maharashtra, were analyzed in the form of annual maximum series of eight selected

duration viz. 0.25, 0.5, 1.0, 2.0, 3.0, 6.0, 12.0, and 24 hours. The rainfall intensity-duration-

return period relationship as  I = 
(t

K
+
T

b)
   has been developed for Wakawali of Konkan region

under sub-humid high rainfall zone of Maharashtra. The values of parameters ‘a’ and ‘b’ were

determined by using graphical method and the values of ‘K’ and ‘d’ by least square method in

the rainfall intensity-duration-return period relationship. The values of constants K, a, b and d

were found to be 5.6456, 0.1689, 1.0, 0.906, respectively. The relationship was developed for

Wakawali station from intensity-frequency-duration relationship. The developed formula can

be used for computation of rainfall intensity for different duration up to 24 hours for 100 years

at Wakawali for any return period.

(Key words: Rainfall, Intensity-duration-return period relation, Rainfall intensity)

India is becoming water scare country and

unless the nation’s water resources are conserved

and managed with care, short term and limited

crises might grow to become larger. The primary

need of water resources developed in any area

depends on estimation of rainfall at different

probabilities for efficient planning and design of

irrigation and drainage systems, command area

developed, soil and water conservation structure

and the optimum utilization of water resources in

various agricultural production systems. Hilly

coastal Konkan region of Maharashtra is bestowed

with unique biodiversity. Konkan region is under

highly undulating terrain with general slope of 7%

to 35% and average rainfall ranging from 3000 to

4500 mm annually. This region is situated along

coastal belt of Arabian Sea extending from Thane

district in North to Terekhol in South. Very high

intensity rainfalls and flash floods are peculiarity

of this region.

Rainfall intensity is the important parameter

need to be determined properly to be used in

Rational formula. Because of simplicity of Rational

formula, it is being used extensively for estimating

peak runoff rate from small drainage areas up to

1300 hectares. In U.S.A., the generalized charts of

rainfall intensity-duration-return period developed

earlier by Yarnell (1935) and later revised by U.S.

Weather Bureau (1961), which are being used for

obtaining the values of ‘I’, the rainfall intensity in

the rational formula (Ram Babu et al., 1979). Sharda

and Bhushan (1985) have analyzed daily rainfall

data for 22 years for Agra. The probability analysis

was done using three probability distribution

functions, i.e. Gumbel distribution, Log Normal

distribution and Log Pearson Type-III distribution.

Rainfall intensity-duration-return period

equation on regional basis can provide solution for

computation of rainfall intensity required in

estimation of peak flow, which is necessary for

design of soil conservation and runoff disposal

structures and for planning flood control project

(Barai et al., 2005 and Bhakar et al., 2006) were

studied the frequency analysis of consecutive days

maximum rainfall at Banswara, Rajasthan, India.

In order to simplify the procedure and to facilitate

the computation for field workers the nomograph

can prove to be a better option (Mane et al., 2007

and Raiford et al., 2007) have developed rainfall

depth-duration-frequency relationship for South

Carolina, North Carolina and Georgia. A total 17

durations ranging from 15 min. to 120 hours for

return period of 2, 10, 25, 50,100 years were

analyzed.

MATERIALS AND METHODS

Wakawali is situated at a distance of 14 km

towards the southern side from Dapoli, Dist-

*Corresponding author: E-mail: blayare@yahoo.co.in



Adequacy of length of record

The hydrologic data with short length of record

are subjected to sampling error and rainfall data is

no exceptional to it. The Engineer need some

criterion by which he can judge whether the data

used to derive frequency line are adequate. Such a

method is proposed by Mockus (1960). He has given

the equation for finding the adequacy of the length

of record for a given level of significance,

Y = (4.30t log
10

 R)2 + 6 … (3)

Where,

Y =  Minimum acceptable years of record.

t = Student’s ‘t ’  at the 10 per cent level of

       significance.

R = Ratio of magnitude of the 100 year event to the

      2 year event

This is a standard statistical test based on

statistical level of significance and uses students ‘t’

values. A 10 per cent level of significance was used

for the criterion, which is usually satisfactory for

hydrologic data. The test works in terms of number

of years of record used, that is, in terms of sample

size. The values of R and Y were calculated by using

above equation for all the nine durations.

Rainfall intensity-duration-return period equation

The rainfall intensity-duration–return period

equation was developed after using different methods

for calculating the values of four parameters. In order

to evaluate the coefficients a, b, d, and K from general

expressions for frequency curves, the following steps

are involved. (Ram Babu et al., 1979).

1. Determination of geometric mean slope

The values of rainfall intensities for all

durations were plotted on Y-axis and values of

return period on X-axis on log-log paper. All the

points connected by a thin dotted line giving more

weightage to points from 10 year to 100 years return

period. The dotted line was extended to cut the lines

for the Y- axis against 1- year return period. The

slope of the individual dotted lines for each duration

was determined. The geometric mean slope (m– ) for

the entire set of lines was determined and it

represents the exponent ‘a’ in the equation.

2. Rainfall intensity of one-year return period

A line representing the geometric mean slope

was drawn at the base through origin. The solid

lines parallel to this slope line were drawn at the

base by cutting the Y-axis against 1-year return

period. The values of rainfall intensities on Y-axis

Ratnagiri (MS). The Central Experiment Station of

the University is located at Wakawali. As the rain

gauge charts of long duration were the charts from

Wakawali meteorological observatory were obtained

and used for the present study.

In the present study autographic rainfall charts

of Wakawali (Tal-Dapoli) for 16 years were analyzed

in the form of annual maximum series of various

durations for annual maximum values, only those

rain storms which gave peak intensities were 0.25,

0.50, 1.0, 2.0, 3.0, 6.0, 12.0 and 24.0 hours.

Various equations that were found to represent

the rainfall intensity-duration-return period

relationship in India and abroad, were summarized

and discussed by Raghunath et al., (1969). However

the most satisfactory general equation is,

I =
    KTa                                     …(1)

      (t + b)d

where,

I = rainfall intensity, cm hr-1

T = return period, year

T = duration, hr

K, b = derived constants

a, d = derived exponents

The Plot t ing Posi t ion and development  of
frequency lines

The plotting positions were obtained by using

the ‘Computing method’ suggested by Ogrosky and

Mockus (1957). The rainfall intensities were plotted

on log -normal probability paper, with rainfall

intensities on log scale and per cent chance of

occurrence on probability scale. A straight line

passing through all the three points was extended

so that it intersected with ordinate. This line is called

as frequency line of rainfall intensity. The frequency

lines were drawn for eight durations and are

designated as
, 
I
0.25 ,

 I
0.50 , 

I
1.0, 

I
2.0 , 

I
3.0 ,

 I
6.0, 

I
12.0 ,

I
24

for 0.25, 0.50, 1.0, 2.0, 3.0, 6.0, 12.0, 24.0 h

durations, respectively. The rainfall intensities for

each duration against selected per cent frequencies

(1 %, 2 %, 4 %, 10 %, 25 % and 50%) were obtained.

Return period in years was obtained with the help

of Eq. (1).

T  =
  100                              ... (2)

        PC

Where,

T = return period, yr

PC = Percent chance
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and selected durations on X-axis were plotted on

log-log paper. The points so plotted do not fall in a

straight line. To make the points aligned into a

straight line, suitable constant ‘b’ is needed. After

adding this constant in the values of durations, the

points were aligned into a straight line.

3. Estimation of constant ‘K’ and ‘d’

The constants ‘K’ and ‘d’ are solved by least square

method. In this method, the values of one-year rainfall

intensities for selected durations and the values of ‘K’

and ‘d’ were determined by solving equations

Where,

K, b and d are constants

I= One year rainfall intensity mm/h

t = Duration, h

n = Number of selected durations.

RESULTS AND DISCUSSION

The maximum depth of rainfall and rainfall

intensities for various durations were worked out

by using ‘Original trace method’, (Ram Babu et al.,

1979) .The complete data, thus obtained are

tabulated in Table 1.

 From Table 1 reveals that, there are variations

in the values of intensities for the same- durations.

The highest rainfall intensities observed was 140,

110, 50, 38, 28.34, 24.67, 15.66 and 8.54 mm/h

for selected ten duration’s viz. 0.25, 0.50, 1.0, 2.0,

3.0, 6.0, 12.0 and 24.0 hr, respectively. During 1988

to 2004, it was 140 mm/h in the year 1991 for 0.25

hr. duration and the lowest intensity was 8.54 mm/

h for 24 h duration in the year 2004.

The plotting positions for all the ten durations

are tabulated in Table 2 for Wakawali. The rainfall

intensities in Table 2 were plotted on log-normal

probability paper with intensities on log scale and

per cent chance of occurrence of rainfall on

probability scale. A straight line passing through

all the three points extended on either side was

drawn which is the frequency line of rainfall for

selected duration. Rainfall intensities for different

return periods and selected durations were worked

out and shown in Table 3.

The minimum acceptable years of record were

determined by using the equation suggested by

Mockus (1960). The value of R and Y are calculated

for all the ten durations and tabulated in Table 4.

The geometric mean slope of the line represents

the exponent was calculated as 0.1689 for Wakawali

region. The value of constant ‘b’ is estimated as 1.0

for Wakawali region. The constants ‘K’ and ‘d’ were

solved by the least square method. The values of K

and d were as 5.6456, 0.906 for Wakawali region.

( )[ ] ( )[ ] ( )

( )[ ] ( )[ ]∑ ∑
∑ ∑ ∑ ∑

+−+

++⋅−+
=

22

2

loglog

logloglogloglog
log

btbtn

btbtIbtI
K ... (4)

( ) ( )

( )[ ] ( )[ ]∑ ∑
∑ ∑ ∑
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+⋅−+
=

22
loglog

loglogloglog

btbtn

btInbtI
d ... (5)

Table 1. Observed maximum annual rainfall intensities for various durations

Year Duration, h

0.25 0.5 1.0 2.0 3.0 6.0 12.0 24.0

1988 60 43.5 24 14 12.5 9.66 5.58 3.33

1989 80 60 27 15 12.6 6.83 4.87 2.64

1990 60 47 37 22.5 15.5 9 6.16 3.5

1991 140 110 32 19.5 15.33 11.33 8.5 4.58

1992 49 26 38 24.75 16.83 11 5.75 4.83

1993 60 50 26 18 16.66 12.5 7.66 4.83

1994 40 30 26.5 14.5 11.66 8.5 5.41 3.54

1995 40 30 42 26 18 11.16 7.83 4.5

1996 48 55.5 40 21 18.34 13.67 7.08 5

1997 66 45 48 25 20 11.08 8.08 5.08

1998 80 70 28 17.5 12.67 7.67 5.83 3.12

1999 83 52 22 15.5 13.67 9 5.2 2.83

2000 72 44 26 13.5 18.34 9.91 5.34 3.46

2001 48 34 29 14.5 11.67 9.25 5.58 2.94

2003 44 32 50 35 28.34 16 9 4.83

2004 32 45 50 38 26.67 24.67 15.66 8.54
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Based on the 16 years maximum rainfall

intensity data for varying duration, a relationship

between rainfall intensity-duration-return periods

was developed conforming to the form of equation

1. This relationship for Wakawali is given by

equation (7).

Where,

I = Intensity, cm/h

T = Return period, years

t = Duration of storm, h

Table 2. Plotting position for development of

frequency lines of rainfall intensities of

selected durations at Wakawali

Duration, Rainfall intensity, mm/hr

hr 50% chance 15.9% chance 84.1% chance

line line line

0.25 58.61 84.13 40.73

0.5 45.18 64.56 31.40

1 32.89 43.26 25.011

2 19.83 27.41 14.35

3 16.20 21.22 12.37

6 10.77 14.65 7.93

12 6.76 9.10 5.02

24 4.03 5.44 2.98

Table 3. Rainfall intensities for different return period and selected durations

Duration, t Frequency,Percent 1% 2% 4% 10% 25% 50%

Corresponding Return period 100 yrs 50yrs 25 yrs 10 yrs 4 yrs 2 yrs

0.25 114.25 112.00 108.75 91.25 79.98 58.61

0.5 103.75 92.32 84.50 73.52 60.00 45.18

1.0 68.73 60.75 59.23 48.55 40.00 32.89

2.0 39.98 36.77 30.25 26.87 23.50 19.83

3.0 31.76 29.97 27.72 23.53 18.82 16.20

6.0 18.65 17.88 16.34 15.00 13.74 10.77

12 16.63 14.42 13.75 9.29 7.85 6.76

24 9.50 8.43 7.30 6.00 5.72 4.03

Table 4. Computations of Minimum Acceptable Years

of Record at Wakawali (t
10

=1.397 at D.F. = 6)

Sr. No. Duration, h R Y

1. 0.25 1.949 9.030

2. 0.50 2.296 10.701

3. 1.0 2.089 9.693

4. 2.0 2.016 9.345

5. 3.0 1.960 9.082

6. 6.0 1.731 8.049

7. 12.0 2.460 11.514

8. 24.0 2.357 11.003

( )









+
=

906.0

1689.0

0.1

6456.5

t

T
I …. (7)

By using these formula the intensity for any

duration, t up to 24 hours and any return period, T

up to 100 years can be determined. As more

weightage is given for points plotted between 10 and

100 years, the values will be more realistic within

limits. Such handy tool will be of use for the

designers as well as for field workers engaged in

soil and water conservation in computing the peak

runoff rate using Rational formula.
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Development and Calibration of  a Soil Water Balance Model

for Paddy Field in Humid Climatic Condition

RANU RANI SETHI*, A. KUMAR, S. P. SHARMA, R. B. SINGANDHUPE,

M. DAS and S. K. JENA

Directorate of Water Management (ICAR)

Bhubaneswar - 751 023, Odisha

Study was conducted in Munijhara watershed located in Nayagarh block of Odisha (India), which
is mainly dominated by hard rock aquifer. Groundwater withdrawal was more than the annual
recharge to the aquifer, which resulted in decline of ground water table depth over the years.
Natural groundwater recharge was estimated to be around 13-40 cm/year. Attempt has been
taken up towards increasing the recharge rate to the aquifer by various means. As paddy field
contributes maximum amount of percolation to groundwater, a soil water balance approach
was developed for estimating percolation losses in the paddy field during Kharif 2007 and 2008
for both unsaturated and saturated conditions. For modeling purpose, the effective root zone
of paddy (45 cm) was considered as a single layer, upward capillary rise of groundwater was
neglected. All observed water balance components were compared with the model data. A good

correlation coefficient was obtained for simulated evapotranspiration and seepage. As it is

difficult to empirically measure the exact percolation rate due to heterogeneous water movement

in the soil profile, simulated percolation rate were found to follow a similar trend with that of

the observed values. The objective was to understand and rate of percolation in different soil

conditions within the watershed, and results of soil water balance model could be used as one

of input to the groundwater model. Based on the soil-water balance approach, it was calculated

that about 16-23% of total rainfall received during cropping period (paddy) was percolated down

and contributed to the groundwater. For regional scale modeling approach, it is needed to

combine both soil water balance and groundwater model for quantification of any hydrological

components. Hence findings showed that soil water balance method can be used to estimate

recharge in a particular basin and the result can very well be an input while designing an

integrated groundwater model at a macro level or at a regional scale.

(Key words: Groundwater, Percolation, Paddy Field, Soil Water Balance Model)

Quantif ication of the rate of natural

groundwater recharge is a pre-requisite for efficient

groundwater resources management. Rainfall is the

principal source of recharge to the groundwater

body. India’s eastern region is endowed with plenty

of rainfall, the average annual rainfall varying from

1007 to 3126 mm, two-third of which occurs during

the wet season (June to September). Out of total

rainfall received, 50-60% rainfall goes as runoff and

the undulating terrain is mainly responsible for

accelerating runoff rate. It is estimated that only 8-

10% of runoff is harvested through storage

structures, thus there is good scope for harvesting

rest 90% of runoff for various uses. The seasonal

variation of water table levels and recharge can be

more accurately predicted by soil  moisture

accounting system employed in the integrated model

than by using only groundwater model (Sophocleous

and Perkins, 2000).

A simple water balance model developed for

daily simulating model parameters (Actual

evapotanspiration, percolation, seepage, supplemental

irrigation, surface runoff and ponding depth in the

field) of rainfed rice in medium land of Eastern India

(Agrawal et al., 2004) was used to estimate the

percolation and deep percolation losses in the paddy

field. The average groundwater level varies from 3

to 8 m and 2 to 7 m during pre and post monsoon

season, respectively in Nayagarh block of Odisha,

which falls under the consolidation formation. In

51 % and 60% of the observation wells of Nayagarh

district, the groundwater table depth has declined

with respect to the decadal mean (1993-2003) of

pre and post monsoon water level, respectively

(CGWB, 2004). Under this critical situation of

declining groundwater table depth with time, study

was undertaken in a watershed to quantify the

natural groundwater recharge and estimate the

percolation loss in the paddy field during wet season

through soil water balance approach. Based on the

results, a suitable cropping pattern was proposed

for increasing recharge rate to the aquifer.

*Corresponding author: E-mail: ranurani.prachi@gmail.com



MATERIALS AND METHODS

A simple soil-water balance approach for paddy

field was adopted. For developing the model,

effective root zone depth of 45cm was considered

as a single layer. For flow condition, upward

capillary rise of groundwater was neglected, where

the water table depth was at more than 2m below

ground level.

Water balance for unsaturated conditions

SWC
i
 = SMC

i-1
 + P

i
 + SI

i
 – AET

i
 – SP

i
 – DP

i
 – SR

i
    ...(1)

Where, SMC is root zone soil moisture content,

P is rainfall, IS is supplemental irrigation, AET is

actual evapotranspiration, SP is seepage that occurs

laterally through the basin dykes, DP is percolation

that moves vertically downward below the crop

effective root zone, SR is surface runoff from crop

field, All units in cm and i is time index (days)

Water balance under saturated conditions

It was considered that when soil moisture

content is more than the saturation moisture

content (SAT), then ponding would occur in paddy

field. Pounding depth in the paddy field on any day

I (PDi), PD
i
 = SMC

i
 – SAT, Under the ponded phase,

the water balance model is PD
i
 = PD

i-1
 + P

i
 + SI

i
 –

AET
i
 – SP

i
 – DP

i
 – SR

i
. The ponding phase will occur

when PD
i-1

 > (SP
i
 + DP

i
 + AET

i
 + SR

i
 – P

i
 – SI

i
. If the

condition of is not satisfied, then soil will go to the

unsaturated phase and the water balance model is

run by equation 1.

Determination of components of water balance
model

Actual Evapotraspiration (AET)

Under saturated and ponded conditions, AET

was calculated as AET
i
 = Kc

i
.ET

0
. Where, K

C
 is crop

coefficient, ET
0 

is evapotranspiration calculated by

Hargreaves method (Hargreaves and Samani, 1985)

based on the availability of climatic data.

Surface Runoff

During first 15 days after the germination of

rice seed, and the last 15 days before harvest, no

standing water is allowed in the field. During these

periods, surface runoff from the field is given by,

SR
i
 = SMC

i-1
 + P

i
 – AET

i
 – SAT. During the remaining

periods, a maximum 3-cm depth of ponding is

allowed in the field. Anything in excess of 5-cm

ponding depth (PD5) is drained to the adjacent field;

surface runoff is given as, SR
i
 = SMC

i-1
 + P

i
 – SI

i
 –

AET
i
 – SAT – PD

5
.

Seepage

For calculation of seepage through the rice

basin dykes, Dupit’s approach was used. Total

seepage along the dyke is calculated by multiplying

Q
h
 by the total length of the basin dykes through

which seepage occurs. Dividing total seepage along

the dyke with the area of the field gives seepage
loss in terms of depth unit per day.

( )2

1

2

0
H

H hh
L2

K
Q −=  Where, Q

h is
 flow through unit

length of the basin dyke (m2day -1m-1), KH is
saturated horizontal hydraulic conductivity (m day-1),

L is width of the basin dyke (m), h
0
 and h

1 
are hydraulic

head inside and outside of the basin dyke (m).

Percolation under ponded phase

Water flow under saturated/ponded conditions

is characterized by steady-state flow (Khepar et al.,

2000). In the present study the water flow under

the saturated/ponded condition is assumed as a

one-dimensional steady state, and aquifer is

considered isotropic, homogeneous, layered and

isothermal. Under the above-mentioned condition,

water flow can be described by Laplace equation.

Partially differentiating the Laplace equation

K (δ2φ/δZ2) + δK /δZ.δφ / δZ = 0 ...(2)

Where, K = Saturated vertical conductivity, cm/

day, j  =Hydraulic head, cm as j  = h+Z,h =

Piezometric/hydraulic head, cm, Z = elevation head

with respect to reference level, cm. A finite difference

approach based on a central difference scheme was

used for the solution of equation-1, which predicted

the value of hydraulic head (j) in Darcy’s equation;

the flux in the vertical direction (percolation) was

determined. As a first step of finite- difference

approximation, the problem domain was divided into

grids. The grid spacing up to the root zone was fixed

at 15cm depth (L
1 

= 15cm). Below the root zone and

upto the water table, which lies 20m below the crop

root zone, the domain was divided into equi-spaced

grids having a spacing of 50cm (L
2 

= 50cm). The

grid spacing above the root zone was kept less in

order to incorporate the non-uniformity of the soil,

which is prominent in the present study. A second

and first order partial dif ference scheme

approximation is applied to the first and second term

which gives

( ) ( ) ( )
( )

( )

( )
( )

( )
( )

( )

( )

( )
0

11
1

2

)(

)1(

)(

)1(

)1(

)(
1

2

21

2

2121

21

2

21

2

212

=








+

−
+

+

+
−

−
−+










−
−








+

−
−

+

+
+

−
+

LL

IK

LL

IK

LL

IK
I

LL

IK
I

LL

IK

LL

IK

LL

IK
IKI

φ

φφ

56 Sethi et al. 30(2)



This equation is the resultant finite difference

approximation of the one dimensional steady-state

water flow, where all terms are known except the j

terms. Substituting the boundary conditions on the

top and bottom points, the unknowns can be

reduced to N-1. A separate subroutine can be written

for calculating the coefficients at all node points.

Based on these coefficients, equations can be

developed for each node in finite difference grid,

resulting in a set of N-1 simultaneous linear

equations with j (I) unknown. These simultaneous

equations can be arranged in (N, N-1) matrix form,

which can be solved by another separate subroutine

based on Gauss elimination method. This will yield

a known potential at each node point. The general

form of the matrix equation is [A]{f} = {d}. Where [A]

=matrix containing coefficients related to grid

spacing and properties of the flow medium, {f}

=vector containing dependent variable to the

determined, that is j terms; and {d} =vector

containing all known information, including

boundary conditions. The solution for the unknown

nodal values in {f} can be obtained by Gauss

elimination method, in which one unknown is

eliminated from one equation at a time. The upper

boundary condition is j (0) = PD
I 
+Z, which changes

daily. The lower boundary is assumed as the surface

of the water table. Pressure at the free water surface

is atmospheric and is used as the datum at the same

time. So at this point it is considered as j (N) = 0.

Where j (N) is hydraulic head at groundwater table,

cm. The vertical flux that is percolation (DP
i
) can

be calculated using Darcy’s functional relationship

K(NRZ) is hydraulic conductivity at the node on the

root zone depth, cm/day. j (NRZ) is hydraulic head

at the node on the root zone depth, cm and (NRZ-1)

hydraulic head at the (NRZ-1) th node, cm.

Statistical test

In order to validate the model parameters as

simulated by water balance model, statistical tests of

coefficient of determination (R2), root mean square

error (RMSE) (Haan, 1977), and model efficiency (ME)

were carried out for both observed and field data.

The model efficiency is

parameter
i, observed

 and parameter i, simulated =

observed and simulated water balance model

parameters, respectively; parameter
observed

=

arithmetic mean of individual observations of model

parameters; and N is the total number of days for

which observations were taken.

Field experiment

 Field experiment was carried out during kharif

2007 and 2008 at Hariharpur, Ghadual and

Balikudia village to estimate the water balance

parameters from paddy field. Two-farmer plot from

each village were selected with dimension of 40´20m

and dyke heights were 22-25cm.  Paddy was

transplanted on 14th June and Soil moisture

balance approach was applied in a paddy field and

daily change in soil moisture content was measured

from 0-15, 15-30, 30-45cm of soil depth. The sowing

and harvesting date of kharif paddy was taken as

14th June and 15th October respectively.

Evapotranspiration rate (ET
0
) was calculated by

Hargreave method (Hargreave and Samani, 1985),

crop growth stage wise K
c
 was taken for computing

total evapotranspiration of a paddy crop i.e. 1.05,

1.12 and 0.6 during initial, mid and harvesting

stages. The developed model was calibrated based

on these field experiments. All the water balance

parameters l ike actual evapotranspiration,

percolation, and seepage were calculated for both

observed and simulated values. Graphical and

statistical tests for determining the significant

difference between the means of observed and

simulated values were determined.

RESULTS AND DISCUSSION

Actual Evapotranspiration

Daily variation of AET was compared with the

simulated values. A good correlation coefficient

(R2=0.81) with model efficiency of 81% and RMSE

of 0.26 was obtained for simulated AET. Values of

K
c
 were computed from measured values of AET and

reference crop evapotranspiration. The average

values of K
c
 during crop establishment, crop

development and maturity stages were obtained as

0.67, 1.2 and 0.62 respectively, which are closer to

the K
c
 values obtained from FAO-56 as 1.05, 1.12

and 0.6.

Seepage

 In both the years, there was no seepage in the

field until 10/12 days after seed germination due

to low rainfall. There after due to high rainfall

(304mm) during 21st June to 30th June, rate of

seepage increased and highest rate of seepage

occurred during August and September. It was also

( ) ( ) ( )[ ]

1

1

L

NRZNRZNRZK
DP i

φφ −−−
= Where

[ ]

[ ] 













−

−
−=

∑
∑

=

=

N

i observedobservedi

N

i simulatediobservedi

parameterparameter

parameterparameter
ME

1

2

,

1

2

,,
1 Where

30(2) Soil water balance model for paddy 57



Table 1. Statistical properties of observed and simulated water balance components

Year Criteria of Actual Evapotranspiration Percolation per day Seepage per day

comparison Observed Statistical Simulated Observed Statistical Simulated Observed Statistical Simulated

indicators indicators indicators

2007 Mean (mm) 2.63 2.78 3.5 3.2 0.38 0.44

SD (mm) 0.45 0.44 2.0 1.8 0.57 0.65

ME (%) 87 87 76

RMSE (mm) 0.16 0.1 0.28

R2 0.98 0.89 0.83

2008 Mean (mm) 2.75 2.73 4.9 4.17 0.8 0.88

SD (mm) 0.6 0.49 2.2 1.7 1.2 1.2

ME (%) 81 88 84

RMSE 0.26 0.16 0.29

R2 0.81 0.81 0.84

5
8

S
e

th
i e

t a
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3
0
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observed that there was no seepage loss under

unsaturated condition. In 2007, during paddy crop

growth period, simulated and observed seepage was

recorded as 122mm and 111mm respectively with

94% model efficiency and 0.29 mm RMSE.

Percolation

Under real field condition, especially in the hard

rock areas, it is difficult to empirically measure the

exact percolation rate to the aquifer because of

heterogeneous water movement in the soil profile.

The graphical representation of the observed and

simulated values of percolation during 2007 and

2008 was presented in Fig. 1 and 2. Simulated

values of percolation were found to follow a trend

similar to that of the observed values. However there

was a lot of discrepancy, which may be due to the

reason that only daily rainfall has been accounted

for without considering the rainfall intensity and

surface storage capacity. Even though soil

properties have been considered up to the root zone

depth, beyond this depth soil properties has been

assumed to be same. The values of R2 between

observed and simulated results were 0.8- 0.89, but

the model efficiency was within 87% and RMSE was

0.1mm. Considering the similar trend between

observed and simulated values this model could be

considered for estimation of percolation in paddy

field.

CONCLUSION

The developed soil water balance model for

paddy field condition has been well validated under

Odisha humid climatic condition. Hence findings

showed that soil water balance method can be used

to estimate recharge in a particular basin and the

result can very well be an input while designing an

integrated groundwater model at a macro level or

at a regional scale.
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Traits Association Analysis for Seed Yield and its Attributes in

Sesame (Sesamum indicum L.) Under Rainfed

Conditions of Bay Islands

P. K. SINGH*, T. V. R. S. SHARMA, KRISHNA KUMAR, AJANTA BIRAH,

AWNINDRA K. SINGH and R. K. GAUTAM

Division of Field Crops, Central Agricultural Research Institute

Port Blair - 744 101, Andaman and Nicobar Islands

Twenty six genotypes of sesame (Sesamum indicum L.) were evaluated under rainfed conditions
during winter season of (Rabi) 2008 and 2009 in Andaman and Nicobar Islands, India. The crop
was sown in complete randomized block design with three replications keeping inter- and intra-
row spacing of 40 cm and 15 cm, respectively. Sufficient and useful genetic variability was
recorded for most of the components studied.  High genotypic coefficient of variation (GCV)
and phenotypic coefficient of variation (PCV) were recorded for number of capsules/plant,
followed by seed yield/plant, number of seeds/capsule and number of branches/plant. High
heritability accompanied with high genetic advance for number of branches/plant and number

of capsules/plant indicated the possibility of improvement through phenotypic selection. At

genotypic and phenotypic levels, seed yield/plant was positively and significantly correlated

with plant height, days to flowering, number of capsules/plant, capsule length and number of

seeds/capsule. This indicated that traits like plant height, days to flowering; number of capsules/

plant, capsule length and number of seeds/capsule are major attributes through which high

yielding genotypes may be selected. The results of path analysis indicated that plant height

and capsules length were the important characters influencing seed yield. The above characters

may be considered as important criteria for selection particularly under island situations.

(Key words: Sesame, Variability, Heritability, Correlation, Path coefficient)

Sesame (Sesamum indicum L.) is an important

oilseed crop being cultivated in the tropics and

temperate zone of the world. It is very drought-

tolerant and has been called a survivor crop, with

an ability to grow where most crops fail. Its edible

oil contains protein content, quality vitamins and

aminoacids. Sesame is a source of good quality

vegetable oil with antioxidative constituents i.e.

sesamolin, sesamin and sesamol (Brar and Ahuja,

1979). Sesame seeds contain phytosterols

associated with reduced levels of blood cholesterol.

It is a good source of calcium and therefore suitable

for sufferers of osteoporosis. Sesame oil is used for

massage and health treatments of the body and also

for religious purposes in India.

India’s annual average production is around

6,80,000 metric tonne with productivity of 0.34 t/

ha which contributes to around 22% of the world’s

total sesame production. Some time ago, India was

enjoying the topmost position in the list of major

sesame producers but India’s slow steady growth

allowed China to take over the lead from India with

productivity of 1.22 t ha-1 yield. The states of

Gujarat, West Bengal, Rajasthan, Tamil Nadu,

Orissa, Madhya Pradesh, Andhra Pradesh,

Maharashtra, Uttar Pradesh, Punjab and Karnataka

are the major sesame producing states.

In Andaman and Nicobar Islands, sesame is

cultivated on rice fallows during January to April

which is generally rain free period. Though sesame

is a potential oil seed crop the production and

productivity are very low. The reason for low

productivity is that it is cultivated on rainfed lands

with improper agronomic practices and non-

availability of good varieties with resistance to biotic

and abiotic stresses. High yielding varieties with

resistance to biotic and abiotic stresses and having

good plant characteristics are needed. Moreover,

yield is a dependable complex inherited character

resulting from interaction of several contributing

factors that may be related or unrelated. For

formulation of an effective breeding programme,

germplasm collections/native races/elite lines and

varieties have to be characterized for al l

morphological and biochemical characters and

resistance to various stresses in the context of target

environments. As seed yield is a polygenic trait,

direct selection for this character may be
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misleading. Hence components that determine the

yield are the best indices for selection. In this regard

knowledge of association between important

morphological attributes and seed yield may be

helpful to identify suitable donors for successful

breeding programme. Ganesh and Sakila (1999)

stressed that sesame breeder must know the

relationship between yield and yield contributing

characters and their association with yield.

Padmavathi (1997) observed that variability study

of existing varieties that are being used for crossing

is entirely necessary. He further observed that

number of branches, capsule per plant and seed

yield had high heritability coupled with genetic

advance, indicating pre-dominance of additive gene

action. Zingzhong and Yishou (2002) studied 27 core

accessions and three male sterile lines for nine

morphological traits. They concluded that capsule

number and plant height had significant positive

association and direct path coefficient on seed yield.

Physiological traits such as reproductive period,

plant canopy and harvest index are also important

to improve the yield and efforts should also be

diverted to utilize these characters in breeding

programme. In the present study performance of

sesame genotypes was evaluated for association of

morphological attributes and genetic parameters

particularly under rainfed conditions of Andaman

and Nicobar Islands.

MATERIALS AND METHODS

Twenty six genotypes of sesame (Sesamum

indicum L.) were raised in winter season (Rabi) of

2008 and 2009 at Bloomsdale Experimental Farm,

Central Agricultural Research Institute, Port Blair,

Andaman and Nicobar Islands, India. The genotypes

were sown in complete randomized block design with

three replications keeping inter-row and plant

spacings of 40 cm and 15 cm, respectively.

Morphological data on plant height (cm), days to

flowering, days to maturity, number of branches per

plant, no. of capsule per plant, capsule length (cm),

no. of seeds per capsule, 1000 seed-weight and seed

yield per plant were recorded. The data across years

were subjected to analysis of variance. Genetic

parameters such as phenotypic and genotypic

coefficients of variation (PCV and GCV), heritability

in broad sense (H2) and genetic advance as percent

over mean (genetic gain) were estimated as

suggested by Johanson et al., (1955). Genotypic (r
g
)

and phenotypic (r
p
) correlation coefficients were

estimated as suggested by Miller et al., (1958)

whereas  path coefficient analysis was done

according to Dewey and Lu (1959).

RESULT AND DISCUSSION

The analysis of variance revealed significant

differences for all the traits under study (Table 1).

The extent of variability in ten characters of different

genotypes measured in terms of range, mean,

genotypic coefficient of variation, phenotypic

coefficient of variation along with the magnitude of

heritability and genetic advance are given in Table 2.

The range of variation was higher for capsules/plant

(46.80-122.00) followed by plant height (79.66-

129.80 cm.) number of seed/capsules (33.86-67.40)

and seed yield/plant (8.53-21.53 g). The genotypic

coefficient of variation provides a measure to

compare the genetic variability present in the

various traits. The phenotypic coefficient of variation

was higher than genotypic coefficient of variation

which revealed that appearance of variation is not

only due to genotypes but also due to influence of

environment. The differences between genotypic

coefficients of variation and phenotypic coefficients

of variation for plant height, days to maturity and

capsule length were low which indicated that the

environment did not play much role in affecting

these characters. Therefore, traits can be considered

as relatively stable across environments. The

magnitudes of genotypic coefficient of variation and

phenotypic coefficient of variation were noticed

higher for number of capsules/plant, followed by

seed yield/plant, number of seeds/capsule and

Table 1. Analysis of variance for different characters in sesame under island conditions

Source of DF Sum of Squares

Variation Plant Days to Days to No. of Capsule No. of No. of 1000 seed Seed yield

 height flowering  maturity branches/ length capsule/ seeds/  weight (g) /plant (g)

(cm)  plant  (cm)  plant   capsule

Replication 2 33.15 2.77 53.90 0.02 0.15 139.67 108.96 0.25 192.92

Treatment 25 576.98** 18.69** 26.06** 0.88** 0.23** 871.48** 228.06** 0.32** 32.28**

Error 50 49.08 2.71 3.93 0.10 0.02 156.36 63.56 0.12 9.49

**Significant at 1% leve
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number of branches/plant. These high values

clearly point towards high degree of genotypic

variability for these traits in the islands conditions.

This finding is in general agreement with that

recorded by Subramanian et al., (2008). On the other

hand, low genotypic coefficient of variation for

flowering and maturity duration and 1000 seed

weight indicates unstable nature of these

characters.

Heritability which is a measure of transmission

ability of traits to next generation was higher for

plant height (78%) followed by capsule length (77%)

and number of branches/plant (71%). However,

days to flowering, days to maturity and number of

capsules/plant had moderate heritability as also

reported by Akpan-Iwo et al., (2009). The high

heritability of above characters indicated that the

influence of the environment of these characters is

negligible or very low. Hence plant breeder may use

these traits in their sesame improvement

programme. Nevertheless the estimation of

heritability alone is not very much useful in

predicting resultant effect of selecting the best

individuals, because it includes the effect of both

additive genes as well as non-additive genes. High

genetic advance occurs only due to additive gene

action (Panse 1957). So heritability estimates

coupled with the high genetic advance would be

more useful than heritability alone (Johnson et al.,

1955). The perusal of  the estimates of genetic

advance expressed as percent over mean for

different traits, revealed that the trait number of

capsules/plant had highest genetic advance (34%),

followed by number of branches/plant (33%) and

seed yield/plant (29%). The remaining characters

showed moderate to low values for this parameter.

When both heritability and genetic advance are

considered together, it was observed that number

of branches/plant showed high heritability coupled

with high genetic advance. In sesame, similar high

estimates of heritability and genetic advance have

been reported earlier by Akpan-Iwo et al., (2009).

The characters association studies in the

present situation revealed that in general

magnitudes of genotypic correlation coefficients (r
g
)

were higher than the phenotypic correlation

coefficient (r
p
) the low variation in correlation

coefficient might be due to masking or modifying

effect between characters. At both genotypic and

phenotypic levels, grain yield/plant was positively

and significantly correlated with plant height

(0.614**, 0.400**), days to flowering (0.543**,

0.265*), number of capsules/plant (0.245*, 0.186),

capsule length (0.613**, 0.398**) and number of

seeds/capsule (0.414**, 0.358**). These traits

emerge out to be of economic significance for

enhancing seed yield through indirect selection.

However, 1000 seed weight was negatively and

significantly correlated with grain yield/plant at

both the levels which indicates that selection for

bold seeded types may not result in higher seed

yield. Number of capsules/plant also had positive

and significant correlation with days to maturity

(0.477**, 0.247**) and number of branches/plant

(0.550**, 0.399**), while number of seeds/capsule

was negatively and significantly correlated with 1000

seed weight (-0.476**, -0.339**). Similar kind of

relationship has also been reported by Akpan-Iwo

et al., (2009) in sesame.

Path coefficient analysis at genotypic level was

also performed to find out the direct and indirect

effects of different quantitative traits on seed yield/

plant (Table 4). Seed yield is a complex trait

dependent on several component characters which

Table 2. Mean, range, genotypic (GCV) and phenotypic (PCV) coefficient of variation,

heritability (h2) and genetic advance (GA) for different characters of sesame

Characters Mean Range GCV PCV h2 GA GA as percent

of mean

Plant height (cm) 100.87 79.66 - 129.80 13.15 14.87 78.19 24.16 23.95

Days to flowering 38.60 35.00 - 47.66 5.97 7.34 66.23 3.86 10.02

Days to maturity 93.70 87.00 - 100.66 2.89 3.58 65.19 4.51 4.82

No. of branches/plant 2.70 2.00 - 4.00 18.83 22.41 70.56 0.88 32.58

Capsule length (cm) 2.36 1.99 - 2.90 11.24 12.81 76.93 0.48 20.31

No. of capsule /plant 72.44 46.80 - 122.00 21.31 27.42 60.38 24.71 34.11

No. of seeds/ capsule 54.03 33.86 - 67.40 13.70 20.14 46.26 10.37 19.19

1000 seed weight (g) 3.42 2.92 - 4.01 7.58 12.64 35.94 0.32 9.36

Seed yield/plant (g) 13.11 8.53 - 21.53 21.04 31.49 44.65 3.79 28.97
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are also mutually associated and affected. The path

analysis revealed that the plant height (0.328) and

capsule length (0.429) had high positive direct effect

on seed yield/plant. On the other hand days to

flowering (0.159), number of capsules/plant (0.181),

and number of seeds/capsule (0.223) had the

positive and low direct effect on grain yield/plant.

Similarly no. of capsules/plant had indirect effect

on seeds yield/plant via plant height. Although 1000

Table 3. Genotypic (rg) and phenotypic (rp) correlations among traits in sesame

Characters Plant Days to Days to No. of Capsule No. of No. of 1000 seed Seed yield

height flowering maturity branches/ length capsule/ seeds/ weight (g) /plant (g)

(cm) plant (cm) plant capsule

Plant height rg 1.000

(cm) rp 1.000

Days to r
g

0.283* 1.000

flowering r
p

0.175 1.000

Days to rg 0.210 0.075 1.000

maturity rp 0.232* 0.015 1.000

No. of r
g

-0.052 0.047 0.265* 1.000

branches/ r
p

-0.016 0.025 0.192 1.000

plant

Capsule r
g

-0.158 0.055 -0.204 -0.094 1.000

length (cm) rp -0.126 0.003 -0.119 -0.038 1.000

No. of rg 0.487** 0.367** 0.477** 0.550** -0.147 1.000

capsule / r
p

0.365** 0.199 0.247* 0.399** -0.191 1.000

plant

No. of seeds/ r
g

0.232* 0.209 -0.051 0.043 0.475** -0.344** 1.000

capsule r
p

0.224* 0.173 0.045 0.042 0.263* -0.113 1.000

1000 seed rg -0.213 -0.196 -0.230* -0.118 -0.368** -0.008 -0.476** 1.000

weight (g) rp -0.255* -0.154 -0.228* -0.063 -0.045 -0.060 -0.339** 1.000

Seed yield/ r
g

0.614** 0.543** 0.246* 0.061 0.613** 0.245* 0.414** -0.370** 1.000

plant (g) r
p

0.400** 0.265* 0.115 -0.063 0.398** 0.186 0.358** -0.058 1.000

*Significant at 5% level; **Significant at 1% level

Table 4. Direct and indirect effect of different characters on hulling percent

Characters Plant Days to Days to No. of Capsule No. of No. of 1000 seed

height flowering maturity branches/ length capsule/ seeds/ weight (g)

(cm) plant  (cm) plant capsule

Plant height (cm) 0.328 0.027 0.022 0.002 -0.054 0.066 0.049 -0.043

Days to flowering 0.057 0.159 0.001 -0.003 0.001 0.036 0.038 -0.026

Days to maturity 0.076 0.002 0.096 -0.025 -0.051 0.044 0.010 -0.038

No. of branches/plant -0.005 0.004 0.018 -0.135 -0.016 0.072 0.009 -0.010

Capsule length (cm) -0.041 0.000 -0.011 0.005 0.429 -0.034 0.058 -0.007

No. of capsule /plant 0.120 0.031 0.023 -0.054 -0.081 0.181 -0.025 -0.010

No. of seeds/ capsule 0.073 0.027 0.004 -0.005 0.112 -0.020 0.223 -0.057

1000 seed weight (g) -0.083 -0.024 -0.022 0.0085 -0.019 -0.010 -0.075 0.169

Residual effect = 0.4743 (Genotypic)

seed weight was negatively and significantly

correlated with seed yield/plant it had positive direct

effect. It indicated that direct selection of this trait

should be practiced to reduce the undesirable

indirect effect. Similar results were also reported

by Subramanian et al., (2008).

The magnified of residual effect (0.427)

suggested that there are possibly more important

component traits effecting seed yield in sesame,
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which have not been covered in present study, and

it would be worthwhile to include these characters

for further study. From the above discussion, it can

be concluded that sufficient variability exists in most

of the traits under study. These evaluations have

shown useful genetic variation in important

production traits of sesame. High heritability and

genetic advance for no. of branches/plant and

number of capsules/plant demonstrated the

possibility of improvement through selection.

Evaluation of yield components indicated that traits

plant height, days to flowering, number of capsules/

plant, capsule length and number of seeds/capsule

are the major attributes through which high yielding

genotypes may be selected. The results of path

analysis at the genotypic level indicated that plant

height and capsules length were the important

characters determining seed yield in the studied.

These characters may be considered as important

criteria for selection in sesame. These findings will

enhance selection and subsequent breeding work

towards the development of improved and adaptable

sesame varieties for island situations.
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Genetic Diversity of  Mango (Mangifera indica Linn.)

Accessions of Andaman and Nicobar Islands

Characterized by Biochemical Markers
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Andamans is a genetically diverse hot spot of native wild mangoes. Mango cultivars both
polyembryonic and monoembryonic were found to coexist in different locations of the South
Andaman Islands. They were surveyed, collected and analysed for their fruit quality and
variability in flowering behaviour using enzymes like peroxidase, polyophenol oxidase and
phenyl alanine lyase as biochemical markers. The clone Ml-4 and Gl-2 were selected for their
higher qualitative characters with multiple flowering and polyembryonic behavior in their
pedigree of yield and quality. Apart from this the enzymatic behavior of polyphenol oxidase
(PPO) was found to have direct relationship with the flowering behaviour and polyembryony.

(Key words: Enzymes, Mango cultivars, Polyphenol oxidase, Peroxides, Phenylalanine ammonia

lyase, Total soluble solid)

Mango is considered to be one of the most

important fruits of the tropics and has been in

cultivation in the Indian subcontinent for the past

thousand years and so referred to as king of fruits

in India (Galar Sauco, 1997). The genus mango

belongs to the family Anacardiaceae, originated in

South East Asia at an early date. According to

Mukherjee (1950), the natural spread of the genus

is limited to Indo Malaysian region, stretching from

India to the Phillipines of New Guinea in the east.

The genus is reported to contain 41 species, but

among them all the edible cultivars of mango belong

to Mangifera indica, which originated in the Indian

subcontinent. Mango cultivars are divided into two

groups based on their origin; Indian type

(monoembryonic seed race) and Indo Chinese type

(polyembryonic seed race) (Crane et al., 1997; Iyer

and Degani, 1997). Emergence of multiple seedlings

from a single seed is referred to as polyembryony.

The Andaman Islands are distinguished for the

native wild mangoes, Mangifera andamanica,

Mangifera comptosperma and Mangifera griffithi. A

wide range of cultivars of Mangifera indica is

available in the Bay Islands alone. Most of the

Islanders are early settlers who brought with them

varied clones/varieties like Neelam, Mulgoa,

Rajapuri, Bangalora, Rumani, Dashehari from the

mainland India. The varieties from Northern India

did not perform due to their low temperature and

low humidity requirement for flowering. However,

Southern Indian types established due to the

coincidence of their climatic requirement. Open

pollination of these clones resulted in many

cultivars, which were unknowingly been multiplied

by the islanders and early settlers. These clones

resulted in differential flowering phenomenon with

polyembryony due to the introgression of genes during

hybridization and the interaction of the gene with

environment. Most of the local clones exhibited an

erratic habit of producing some fruits round the year.

The flower bud differentiation takes place

during May – June and August – September

(Damodaran et al., 2001). The flower bud that

differentiates during May – June comes to flowering

by September, but due to the heavy monsoon, there

is excess drop and increased incidence of

anthracnose disease. However the flower bud that

differentiates during August – September puts forth

robust flower during November, December.

Thus in the present study mango clones were

collected from different locations of the South

Andaman islands and analysed for their quality and

variability using biochemical markers.

MATERIALS AND METHODS

Plant material

Mango cultivars both polyembryonic and

monoembryonic grown widely in different parts of

the islands have been collected and maintained at

the Central Agricultural Research Institute, Port

*Corresponding Author: Email: damhort2002@yahoo.com



Blair. Fourteen cultivars from this collection were

used in this study. They consisted of six

polyembryonic seed race and rest monoembryonic.

The names of the clones used in this study are listed

in Table 1.

Estimation of TSS, Total sugars and acidity in fruits

The TSS was determined by using Carl-Zeiss

hand refractometer and was expressed as

percentage. Titrable acidity was estimated by

adopting AOAC method (1960) and the total sugars

were estimated as per the method suggested by

(Somogyi, 1952).

Biochemical assay

Activity of the enzymes polyphenol oxidase,

peroxidase and phenylalanine ammonia lyase was

estimated in the indicator leaves of clones.

Enzyme extraction

Supernatant of 1 g of center portion of the

mango third leaf was extracted with 10 mM

potassium phosphate buffer (pH 6.9) at 4°C was

used as enzyme source for peroxidase (PO) and

polyphenol oxidase (PPO) while with that of borate

buffer for Phenyl ammonia lyase (PAL).

Spectrophotometric Analysis

Peroxidase enzyme assay was carried out as

described by Hammer Schmidt et al., (1982). The

reaction mixture (3ml) consisted of (0.25 %) v/v

guaicol in 10mM potassium phosphate buffer (pH

6.9) containing 10mM hydrogen peroxide.

Polyphenol oxidase (PPO) was assayed using the

modified method of Mayer et al., (1965) using 0.1M

phosphate buffer (pH 6.5) and 0.01N catechol along

with enzyme extract. The PAL assay was conducted

as per the method described by Ross and Sederoff,

(1992) using 50mM Tris HCl (pH 8.8) and 600ml of

1mM L-phenylalanine along with enzyme extract as

reaction mixture.

Statistical analysis

Enzyme assay was done in 20 samples per plant

per variety. Data collected for two years were pooled,

averaged and analysed using CRD. The regression

between the flowering behaviour and the enzymes

were carried out by assigning a score of 1 for

multiple flowering clones and 2 for single flowering.

All the data were analyzed using SPSS 11.5

statistical software.

REULTS AND DISCUSSIONS

The data on qualitative and enzymatic content

are presented in Table 2. The clones that exhibited

multiple flowering phenomenon were also found to

be polyembryony. Significant differences were

exhibited in TSS, total sugars and acidity contents

among the clones. The multi f lowering and

 Table 1. Mango varieties and clones used for study

Cultivar Abbreviation of Geographic origin Embryo type Flowering behaviour

cultivar name

Local clone 1 GL 1 South Andaman Polyembryionic Multiple

Local clone 2 GL 2 South Andaman Polyembryionic Multiple

Local clone 3 GL 3 South Andaman Polyembryionic Multiple

Local clone 4 ML 4 South Andaman Polyembryonic Multiple

Bangnapalli M1 South India Monoembryonic Single

Banglora M2 South India Monoembryonic Single

Malgoa M3 India Monoembryonic Single

Neelum M4 South India Monoembryonic Single

Local clone 5 HL1 South Andaman Monoembryonic Single

Local clone 6 HL 2 South Andaman Monoembryonic Single

Local clone 7 HL 3 South Andaman Monoembryonic Single

Local clone 8 HL 4 South Andaman Polyembryonic Multiple

Local clone 9 HL 5 South Andaman Polyembryonic Multiple

Local clone 10 HL 6 South Andaman Monoembryonic Single

Local clone 11 HL 7 South Andaman Monoembryonic Single

Local clone 12 HL 8 South Andaman Monoembryonic Single

Local clone 13 HL 9 South Andaman Monoembryonic Single

Local clone 14 HL 10 South Andaman Monoembryonic Single
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polyembryonic clone ML-4 showed the highest TSS

(21.0° brix) followed by GL-3 (multiflowering). The

TSS ranged from 7.80 to 21.0° brix in multiple

flowering and polyembryonic clones and from 12.8

to 21.0 °brix in monoembryonic and single flowering

clones. With regard to total sugars and acidity the

clone GL-3 and ML-4 registered higher sugar content

(16.55 and 16.00 %) and lower acidity (0.2 and 0.2

percent) respectively among the multiflowering

clones. Between the single flowering clones and

varieties Neelam and Malgoa showed significantly

higher total sugar content and lower acidity. Both

the clones GL-3 and ML-4 recorded good qualitative

characters with multiple flowering and polyembryony

proving their potential to be selected.

There existed significant difference among the

clones for PO activity. The activity of PO was

significantly higher in all the local clones as

compared to varieties from main land (Neelum,

Banglora, Banganapalli and Malgoa) with the

exception of GL-1, HL-4 and HL-5. It ranged from

2.298 abs min-1g-1 (GL-2) to 7.245 abs min-1g-1 (HL-9)

in local clones excluding GL-1, HL-4, and HL-5 and

from 0.460 abs min-1g-1 (Banganapalli) to 1.960 abs

min-1g-1 (Malgoa) in varieties from mainland. This

may be due to the impact of change in environment

or expression of certain recessive genes under the

island ecosystem. This elucidated that higher

activity of PO in local clones helped in reduction of

anthracnose disease incidence which resulted in

production of better quality fruits than the fruits

from mainland varieties.

The activity of phenylalanine lyase of all

investigated clones varied widely irrespective of

single and multiple flowering behaviour. The clone

HL-10 exhibited the highest activity (7.59 nmol

min-1ml-1) while the lowest was in HL-4 (3.40 nmol

min-1ml-1). However there was no clear and distinct

pattern of the PO and PAL activities exhibited

between the clones of single and multiple flowering

types.

In contrast, the enzymatic activity of the PPO

showed significant variation between the single

flowering and multiple flowering clones. It ranged

from 0.282 to 0.485 (abs min-1g-1) among the

multiple flowering clones while from 0.564 to 1.095

(abs min-1g-1) in single flowering clones It is evident

from the present investigation that the multiple

flowering clones exhibited low PPO activity as

compared to single flowering clones which may be

due to poor synthesis of polyphenols in regular

bearers and vice versa (Mayer and Harel, 1979;

Table 2. Qualitative and enzymatic contents of the mango clones

Variety TSS °brix Total Sugar Acidity Peroxidase PAL PPO

(%) (%) (abs min-1g-1) (nmol min-1ml-1) (abs min-1g-1)

GL-3 20.0 16.55 0.2 0.3 3.95 0.420

GL-1 14.5 11.55 0.25 5.744 2.947 0.441

GL-2 14.0 10.98 0.35 2.298 2.211 0.282

ML-4 21.0 16.00 0.20 5.860 2.241 0.320

HL-1 10.8 9.98 0.50 5.300 2.579 0.612

HL-2 15.0 13.5 0.40 6.46 2.961 0.721

HL-3 16.2 15.5 1.50 0.900 3.400 0.730

HL-4 7.80 6.55 0.40 0.900 2.507 0.425

HL-5 13.2 11.25 0.50 3.120 4.361 0.324

HL-6 14.8 13.40 0.80 4.630 5.244 0.909

HL-7 12.8 10.68 0.50 6.300 4.630 0.976

HL-8 13.0 10.54 0.50 4.044 1.872 0.906

HL-9 13.8 11.32 0.20 7.245 1.982 1.095

HL-10 12.8 9.65 0.45 6.750 7.590 1.079

Neelum 16.5 15.00 0.25 1.416 3.912 0.564

Banglora 20.0 14.00 0.20 1.352 3.811 0.836

Bangnapalli 21.0 14.50 0.10 0.460 4.530 0.62

Malgoa 17.5 15.00 0.25 7.960 2.603 0.83

CD (p=0.05%) 1.920 1.542 0.062 0.547 0.513 0.077

SEd 0.944 0.758 0.030 0.269 0.252 0.38
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Vaughan and Duke, 1984). Moreover PPO is

responsible for the formation of IAA auxin by acting

on tryptophan, the precursor of IAA (Gordon and

Paleg 1961) and a high concentration of auxin is

known to favor vegetative growth, which may inhibit

flowering and fruiting process in mango (Chacko,

1968; Majumder and Singh, 1985).

Regression analysis of the biochemical markers
associated with flowering

The differential response of both single and

multiple flowering clones can be very well regressed

with PO, PAL and PPO activity using the stepwise

regression between enzyme activity and score. This

revealed that the enzyme PPO showed positive

regression with single flowering i.e. with the increase

in the activity of PPO the single flowering behaviour

of the clones is expressed. The co-efficient of

determination of the R2 value of PPO alone was

0.531 (53 percent) thus confirming their role in

influencing f lowering behaviour. The other

parameters to follow in stepwise regression are

(Table 3) PAL and PO respectively. The lower percent

of Durbin Watson residual of 0.306 (30 percent)

indicated the f itness of the model. Similar

correlation has been established between the

enzyme and the number of fruiting panicles, which

indicated the inverse relationship with the regularity

of bearing as low activity favoured regularity and

high activity the bienniality (Sharma et al., 2000).

Thus the unique pattern of flowering behaviour

and its linkage with polyembryony and lower PPO

Table 3. Regression analyses of the biochemical parameter

Model R Adjusted R Durbin Watson1

1 0.531  0.268 0.306

Predictor constant – PPO

Dependent variable - Score

Coefficientsa

Model Unstandardized coefficients Standardized coefficients ts t

B Std. Error Beta

1 Constant a 1.16 0.12 9.40s

PPO 0.84 0.18 0.53 4.51

a.    Dependent variable: score

Excluded Variables

Model Beta t Sig. Partial correlation

PAL 0.25a 0.193 0.848 0.027

PO 1.48a 1.050 0.299 0.145

Predictors in model: (Constant), PPO     Dependent variable: SCORE

activity can be exploited in identification of varieties

with multiple flowering habits so that year round

production of mango can be achieved. These clones

can be further used in future breeding programmes

for evolving regular bearing mango clones.
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Generation Effect of  Goniozus nephantidis Muesbeck Reared on

Rice Moth and Coconut Black Headed Caterpillar

V. R. SAWANT, V. S. DESAI* and A. L. NARANGALKAR

College of Agriculture, Dapoli - 415712, District: Ratnagiri, Maharashtra

The experiment was carried out at Department of Agricultural Entomology, College of Agriculture,
Dapoli (M.S.) during 2007-08 to determine the generation effect of a larval parasitoid, Goniozus

nephantidis Muesbeck. To determine the generation effect, larval parasitoid was reared up to
seven generations on different larval host combinations. This experiment was carried out to
determine effect of continuous laboratory rearing of  G. nephantidis  on factitious host, C.

cephalonica. It was found that there was no major difference in fecundity, total number of larvae
parasitized and life cycle of G. nephantidis  when reared from one to six generations on C.

cephalonica and then on O. arenosella. The little difference was observed after seventh
generation on fecundity and potentiality. This indicated that the G. nephantidis could be mass
produced on factitious host, C. cephalonica successfully up to six generations.

(Key word: Generation effect, Opisina arenosella, Goniozus nephantidis)

The coconut palm, Cocos nucifera L. having

eulogistic epithets such as ‘Kalpavriksha’, tree of

life, tree of abundance etc. is considered to have a

high utility value, since it’s every part and product

is put to some useful purpose. It is attacked by a

number of insect pests at all stages of its growth.

As many as 759 pests have been recorded on

coconut (Copeland, 1931; Nirula, 1955 and Lever,

1969). Out of these, the black headed caterpillar,

Opisina arenosella Walker (Lepidoptera:

Xylorictidae) is one of the most serious pest. The

peak infestation occurs during February to May in

Konkan region of Maharashtra (Desai et al., 2003).

In spite of the availability of effective chemicals,

it is rather difficult and uneconomical to use these

for the control of leaf feeding pests of coconut

especially on tall palms. Applying pesticides through

conventional methods such as spraying and dusting

on tall palms is almost impracticable. Therefore,

there is need of integrating chemical and cultural

methods with the use of natural enemies.

Parasitoids, predators and pathogens play an

effective role in the biological control of O. arenosella

in the field. Pillai and Nair (1993) reported 40 species

of parasitoids and 20 species of predators on

coconut black headed caterpillar. Among the

hymenopteran parasitoids recorded from India, the

larval ectoparasitoid, Goniozus nephantidis

Muesbeck (Hymenoptera: Bethylidae) is the most

promising and can be utilized in biological control

programme of coconut black headed caterpillar. The

parasite is very specific to coconut black headed

caterpillar larvae in nature and attacks the later

instar caterpillars for oviposition and feed on the

body fluid of early instar caterpillars. This parasitoid

has several advantages like short life cycle, high

female: male ratio and can be easily multiplied on

the factitious host Corcyra cephalonica Stainton in

the laboratory.

The larval ectoparasite, G. nephantidis is having

high searching ability, easy to multiply in the

laboratory and high potentiality of parasitization of

host. A single parasite can parasitize as many as

14 larvae of the natural host, this indicated the high

level of parasitization by the parasite in the field. A

single parasite can give the progeny of about 32. It

also indicated that the inoculative release of

parasites as per recommendation would take care

of the pest in the field (Kurade, 2007).

The considerable work on the biology and

potentiality of this parasitoid has been done in India.

The larval parasitoid is efficiently mass produced

on laboratory host     C. cephalonica and then

released in the field for suppressing population of

O. arenosella. Continuous rearing of the parasitoid

on factitious host may lead to poor acceptance of

the natural host. The literature on such type of

generation effect is not available. Therefore, it was

necessary to find out generation effect of the parasite

reared on C. cephalonica, to observe up to how many

generations it can accept the natural host? With a

view to elucidate the information on generation

effect, the present study was undertaken.
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MATERIALS AND METHODS

To study the generation effect of G. nephantidis

reared on C. cephalonica, the laboratory culture

maintained on O. arenosella was used for conducting

the experiment. The following combinations of

laboratory and natural hosts were employed in the

study.

1. One generation on C. cephalonica and then

on O. arenosella

In this combination, one generation of G.

nephantidis was reared on laboratory host C.

cephalonica and the next generation of the parasitoid

was reared on natural host O. arenosella.

2. Two generations on C. cephalonica and then

on O. arenosella

Here, the larval parasitoid, G. nephantidis was

reared on C. cephalonica  for two successive

generations and the next generation of the parasitoid

was reared on natural host O. arenosella.

3. Three generations on C. cephalonica and

then on O. arenosella

In this combination, G. nephantidis was reared

on C. cephalonica for three consecutive generations

and resulting generation of parasitoid from C.

cephalonica, was released on O. arenosella.

4. Four generations on C. cephalonica and then

on O. arenosella

The larval parasitoid, G. nephantidis was reared

on C. cephalonica for four consecutive times and

generation of parasitoid emerged after fourth

generation on C. cephalonica was then reared on O.

arenosella.

5. Five generations on C. cephalonica and then

on O. arenosella

In this combination, first G. nephantidis was

reared successively for five generations on C.

cephalonica and the next generation of the parasitoid

was reared on the natural host, O. arenosella.

6. Six generations on C. cephalonica and then

on O. arenosella

Here, G. nephantidis was reared on its factitious

host C. cephalonica for six successive generations

and then the larval parasitoid was reared on natural

host O. arenosella to see the generation effect.

7. Seven generations on C. cephalonica and

then on O. arenosella

In this combination, G. nephantidis was reared

on C. cephalonica for seven consecutive generations

and the next generation of the parasitoid was reared

on the natural host, O. arenosella.

For each combination, ten mated females of

Goniozus were kept in a plastic vial, provided that

these females were multiplied on C. cephalonica for

known number of generations (one to seven). Then,

one fifth instar larva of O. arenosella was released

in each vial. The vials were kept under observations

to see egg laying. After egg laying, the larva of O.

arenosella having eggs on its body was removed from

the vial taking care that Goniozus female could not

escape from the vial. Then, another fifth instar larva

of O. arenosella was released in the same vial. This

procedure was repeated till female stopped egg

laying.

The observations on number of larvae

parasitized, fecundity and hatching percentage were

recorded. The observations on larval period, pupal

period were also recorded to study the life history

of progeny.

RESULTS AND DISCUSSION

Data on average number of larvae parasitized,

average number of eggs laid, mean hatching

percentage, mean larval period and mean pupal period

for one to seven generations are given in Table 1.

During all the generations, the total number of

larvae of O. arenosella parasitized were more of less

same and ranged between 5.5 to 6.3. Similarly, the

Table 1. Generation effect of G. nephantidis reared on C. cephalonica against O. arenosella

Sr. No. of Average no. of Average no. Hatching Larval period Pupal period

No. generations larvae parasitized of eggs laid  percentage(%) (hrs) (days)

1. One generation 6 34.5 95 103.9 6.3

2. Two generations 5.7 34.8 94 100.2 6.3

3. Three generations 6.3 36.8 96 100.6 6.5

4. Four generations 5.8 36.2 97 102.1 6.3

5. Five generations 6.3 36.9 96 100.6 6.6

6. Six generations 5.8 35.8 95 100.8 6.5

7. Seven generations 5.5 30.2 98 100.7 6.3
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fecundity of a Goniozus female ranged from 30.2 to

36.9. It  was lowest (30.2) when parasitoid

continuously reared on laboratory host, C.

cephalonica consecutively for seven generations.

There was no any difference observed in hatching

percentage and it was ranged from 94 to 98 per cent.

Similarly, there was no any deviation due to

generation effect observed on larval period as well

as pupal period. The larval period ranged from 100.2

to 103.9 hours and pupal period from 6.1 to 6.6

days (Fig. 1).

reported that both hosts i.e. C. cephalonica and O.

arenosella were equally suitable for mass rearing of

G. nephantidis.
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Fig. 1. Generation effect of G. nephantidis reared on C.

cephalonica against O. arenosella

Overall results showed that there was no much

generation effect observed in    G. nephantidis when

continuously reared on C. cephalonica up to six

generations. The slight difference in total number

of eggs laid (fecundity) was observed when          G.

nephantidis was reared on C. cephalonica for seven

generations. This indicated that the G. nephantidis

can be mass produced on factitious host C.

cephalonica successfully up to six generations.

However, the generation effect after seventh

generation needs to be studied in future.

Ramamohana Rao et al., (1986) reared G.

nephantidis  on C. cephalonica up to three

generations and reported that there is no any

difference in number of larvae parasitized and

fecundity. Paul et al., (1979) concluded that, P.

nephantidis was not observed to develop host

adaptabil ity after continuous rearing on C.

cephalonica and readily parasitized the larva of O.

arenosella. Also, Nandhihalli and Prasad (1986)
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Biology of  Spotted Pod Borer, Maruca vitrata (Fabricius)

S. P. VAIDYA, V. S. DESAI*, K. V. NAIK and V. V. DALVI

Department of Agril. Entomology, Dr. B. S. Konkan Krishi Vidyapeeth,

Dapoli - 415 712, Maharashtra

Cowpea, one of the important crops of Konkan region, is severely infested by spotted pod
borer (Maruca. vitrata). Laboratory investigations were carried out at Department of Agricultural
Entomology, College of Agriculture, Dapoli District Ratnagiri, Maharashtra on biology of spotted
pod borer, Maruca vitrata (Fabricius) on cowpea. Generation from egg to death of male and
female of M. vitrata i.e . total life cycle was found to be completed within 28 to 35.5 days, with
an average of 31.0 days and 32 to 40.5 days with an average of 34.6 days, respectively when
adult was provided with food.

(Key words: Spotted pod borer Maruca vitrata (Fabricius), Biology and Cowpea)

Among the pulses, Cowpea (Vigna unguiculata

(L.) Walper) is the nutritionally important legume

crop grown in Africa, Asia, Australia, Latin America

and U.S.A. It is globally recognized as major

contributor of the pulses. It is also known as chowli,

lobia, southern pea and black-eyed bean belonging

to family leguminaceae and sub family fabaceae and

is believed to be originated from Savannah region

of West and Central Africa. The food value of the

cowpea is especially due to its high protein content.

This crop derives food for rural families, gives animal

feed and cash together with spillover benefits to their

farmland. It is mainly grown as sole crop and

frequently either as inter or mixed crop with sorghum,

maize, millets, cotton, groundnut and sesame in

various states. In India, it is cultivated on about 1.5

million hectares with a production of 0.5 million tones.

As many as 21 insect pests of different groups are

reported to damage cowpea from germination to

maturity in India (Faleiro et al., 1986), out of this pod

borer, Maruca vitrata is one of the serious pest. Zhang

(1994) changed the name of Maruca testulalis Geyer

to Maruca vitrata (Fabricius) and from family Pyralidae

to Crambidae of order Lepidoptera.

The larvae of spotted pod borer are known to

cause considerable damage to cowpea crop by

attacking various parts viz., buds, flowers, pods and

seeds. Cowpea, one of the important crops of

Konkan region, is severely infested by spotted pod

borer (M. vitrata). Since few years, considerable

research work on biology and chemical control of

this pod borer has been done in abroad and India,

but not from Konkan region of Maharashtra. It is

therefore felt necessary to study the biology of this

pest on cowpea under Konkan conditions.

MATERIALS AND METHODS

A study on biology of cowpea spotted pod borer,

M. vitrata was carried out at Department of

Agricultural Entomology, College of Agriculture,

Dapoli under laboratory conditions in 2008. A brief

account of techniques employed and material used

in the present study are described below.

Mating

The male and females were paired in rearing

cage. The cotton swab soaked in 5 per cent honey

solution was tied in suspended position in the glass

jar, as an adult food. The observations on mating

at different hours during the night and duration of

coitus were recorded.

Pre-oviposition period, Oviposition period and
Post-oviposition period

To record the pre-oviposition period, male and

female moths were separated after mating and only

gravid females were kept in glass jar. Such ten

females were kept separately in ten glass jars. The

period between mating and first egg laid was

recorded as pre oviposition period. The period

between first and last egg laid by moth was recorded

as oviposition period. Post-oviposition period worked

out as, the number of days from the last egg laid by

female till its death was recorded.

Site of oviposition and Fecundity

 The observations on the site of oviposition

under captivity were made while working out the

oviposition period. All the plant parts, paper surface,

glass jar surface and muslin cloth were observed

critically, for the eggs. The total numbers of eggs

laid by each female during its life span were counted

and mean fecundity was worked out.
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Incubation period and Hatching percentage

The incubation period was recorded from the

date of egg laid till the hatching of larva from the

egg. The numbers of eggs hatched out of total

number of eggs were recorded. Then mean hatching

percentage was worked out. Ten eggs in one set and

ten such sets were kept under observation.

Larval instars and larval period

A newly emerged larva was transferred to a fresh

bud of cowpea with the help of camel hair brush

and kept on wet paper in a petridish. Such ten larvae

were kept separately in each petridish for recording

further observations.

Pre-pupal period and Pupal period

When full grown larvae stopped feeding,

contracted and their movement become sluggish,

they were considered to be in pre-pupal stage. The

period between formations of cocoon to adult

emergence was considered as a pupal period.

Sex ratio

Hundred pupae were collected from the

laboratory reared culture and kept separately in

glass jars. The adults emerged from pupae were

identif ied as male and female and other

morphological characters were also recorded. The

number of males and females emerged were

observed and on that basis sex ratio was calculated.

Adult longevity

Ten male and females each were kept separately

in glass jars. Such two sets were prepared. In one

set they were provided with 5 per cent honey

solution on cotton swab. In another set they were

kept without providing any food. The period between

the emergence of the adults from pupa to death of

adult was considered as a adult longevity.

RESULTS AND DISCUSSION

Mating

Mating was observed during night hours between

21:00 and 00:20 hours. The duration of coitus ranged

from 40 to 50 minutes with an average of 44.5 minutes.

The present findings are in conformity with those made

by ChiChung (2001), who recorded that the adult

started mating at 21:00 hours and mating period lasted

by 44.4 minutes

Pre-ovipostion, ovi-position and post-oviposition period

Data revealed that the pre-oviposition period

varied from 3 to 4 days with an average of 3.30 days.

The oviposition period ranged between 2 and 4 days

with an average of 3 days. The post-oviposition

period was recorded only of 1 to 2 days with a mean

of 1.30 days. These observations are in closely

conformity with Karmarkar (2006), she recorded the

pre-oviposition, oviposition and post-oviposition

period between 3 and 4, 2 and 4 and 1 and 2 days,

respectively.

Fecundity

Data recorded on fecundity of cowpea spotted

pod borer, M. vitrata revealed that the total number

of eggs laid by female in her life span varied from

35 to 81 with an average of 59.1.These findings are

comparative with ChiChung and WuKang (2001)

who recorded 67 egg deposition by female when

studied the biology of M. vitrata on black gram.

Karmarkar (2006) reported the fecundity of 60.2

eggs per female.

Incubation period and hatching percentage

Data on incubation period and hatching

percentage are given in Table 1. It was noticed that

the incubation period ranged from 3 to 3.5 with a

mean of 3.40 days. The present observations are in

conformity with Chinnabhai et al., (2002). They

observed the incubation period of 3.14 days on green

gram. The hatching percentage ranged between 60

and 100 per cent with an average of 80 per cent.

Salunkhe (2006) reported the hatching percentage

of 78 to 89.

Total larval period

There were f ive larval instars. The

developmental period of larva ranged from 11 to 14

days with an average of 12.0 days. The present

findings are in close conformity with Salunkhe

(2006), who reported the larval period between 12

and 17 days.

Pre-pupa

The pre-puapal period lasted for about 2-3 days

with an average of 2.2 days. Earlier, Rama

Subramanian (1984) and Karmarkar (2006) recorded

similar observations, which are in close conformity

with the present findings.

Pupal period

The freshly formed pupa was green and gradually

turned into brown colour. The pupa was obtect type,

broader anteriorly and tapering posteriorly. The

duration of pupal period ranged between 8 to 10 days

with an average of 8.6 days. The findings of pupal

period are in close conformity with those of Shukla

(2005) who recorded a pupal period of 6 to 9 days.
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Adult longevity

Male moth was generally short lived. They lived

without food for 1 to 2 days, with an average of 1.3

days, while females lived without food for 1 to 3 days

with an average of 1.6 days. When they were fed with

5 per cent honey solution, the adult longevity increased

considerably and ranged from 4 to 5 days (average of

4.7 days) for males, while for the females it ranged

from 8 to 10 days with an average of 8.5 days.

ChiChung and WuKang (2001) reported the life

span of female 9 + 2.6 days and male 7.9 + 2 days

with food. Karmarkar (2006) obtained the mean

adult longevity of 1.3 and 1.6 for males and females,

respectively, when kept without food. When they

were provided with 5 per cent honey solution, it was

4.6 and 8.2 for males and females, respectively.

Sex ratio

Out of 100 adults examined, 47 were observed

to be males and 53 were females. The male to female

ratio was 1:1.13.The present observations are

closely matched with Karmarkar (2006), she

recorded the sex ratio of 1:1.08.

Life cycle

The observations pertaining to minimum,

maximum and mean life cycle are presented in Table

10. The total period required to complete one life

cycle from eggs to emergence of adult varied from

24 to 30.5 days with an average of 26.2 days.

Whereas, the generation from egg to death of male

and female i.e. total life cycle was found to be

completed within 28 to 35.5 days with an average

of 31.0 days and 32 to 40.5 days with an average of

34.6 days, respectively when adult was provided

with food.
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Effectiveness of  the Trainers’ Trainings on Scaling-up of

Water Productivity in Agriculture in Coastal Odisha

SOUVIK GHOSH*, ASHWANI KUMAR and TANMAYA MOHAPATRA

Directorate of Water Management (ICAR), Bhubaneswar – 751 023, Odisha

The present study was carried out to study the impact of the trainer’s trainings each of 14 days
duration conducted by Directorate of Water Management, Bhubaneswar in five districts of Odisha
in the year 2011-12. Trainees from different Govt. line departments, NGOs; SHGs etc. took part
in the trainings. Responses were collected from the trainees and analyzed, which revealed that
trainings helped the trainees significantly in improvement of their knowledge on different water
management techniques in agriculture with mean Learning Index of 56.78%.

(Key words: Learning index, Training, Water productivity, Knowledge gain)

Water shortage is going to be an acute problem

in near future, so water need to be utilized in

productive and efficient way. Water productivity

term in agriculture is now considered to be vital

focusing more crops per drop of water. It includes

application of scientific techniques for efficient and

multiple uses of water in agriculture which as a

whole play a role for increasing the production. It

is defined as the production obtained (Rs.) per unit

volume of water (m3).

Training is an important process of capacity

building of individuals as to improve the

performance through improved knowledge, skill and

changed attitude. According to Charles (1990) the

main objective for investing resources in training is

to eliminate performance deficiency. To achieve this

objective, the training organization must be

concerned about the effectiveness of the training

programme (Ajayi, 2001). Training effectiveness is

often operationalised as the transfer effects of

training: the extent to which professionals use their

newly gained knowledge, skills and attitudes in the

workplace. Training is also considered as basic

feature of the agricultural extension approaches that

can help block supervisors in building their

confidence to solve farmers’ problems and to provide

information needed (DAE, 1999). The success of any

training programme depends greatly on the

perception of the trainees towards it. It was also

proven that the farmers are likely to benefit more

when they receive technological package from a

qualified and trained personnel, a person who knows

what to carry and give to farmers.

Monitoring and evaluation is an in-built

mechanism in extension and training system. It

*Corresponding author : E-mail: ghosh_wtcer@yahoo.com

serves as a tool for efficient operation of training

programmes by providing feedback. It assists for

taking corrective measures by the course/ training

coordinator for effectiveness of training programmes

(Kumar et al., 2005). Keeping this in view, the

present study was undertaken to assess the impact

of the two-week trainers’ trainings on scaling up of

water productivity in agriculture conducted at eight

places in Odisha by Directorate of Water

Management, Bhubaneswar.

MATERIALS AND METHODS

The present study was conducted in five coastal

districts (Khurda, Cuttack, Puri, Dhenkanal,

Nayagarh) of Odisha where eight trainers’ training

programmes (each of duration of 14 days) on scaling

up of water productivity in agriculture were

organized by Directorate of Water Management

during the year 2011-12. A total of 208 (N=208)

personnel from different government l ine

departments, NGOs, SHGs etc. were participated in

the training programmes. These trainees were taken

as respondents for the impact study.

A questionnaire was devised and socio-personal

information along with knowledge level of the

trainees (before and after the trainings) were

collected. The knowledge level was measured on a

three point continuum scale: low, medium, high with

score as 1, 2 and 3, respectively.

The Learning Index (LI) of each trainee was

calculated using following formula:

LI
i
 =

 (K
i(Post

) – K
i(Pre)

)  
x  100

        (100 – Ki
(Pre)

)



more enthusiastic in accomplishing their duties. It

was also observed that 55% of the trainees were in

the under-graduation level. So, trainings were very

much essential as education through training is

expected to enhance the decision making and

motivation for adoption of agricultural water

management technologies (Cavane, 2011). From

Table 1, it was revealed that around 65% trainees

had not taken any training on water management,

74% of trainees were not involved in any of the water

management related projects/activities. Around

80% of trainees had no training imparting

experience on water management techniques. This

indicates the need of water management trainings

which emphasize the efficient utilization of water

through more crops per drop of water.

Learning index and knowledge gain of trainees

A total of 21 techniques/practices/issues related

to scaling-up of water productivity in agriculture

were deliberated during the training and the

Learning Index of the trainees (category wise)

presented in the Table 2. The overall knowledge level

of the trainees was increased from 43% to 75% with

mean Learning Index 57%, which showed that

trainings enhanced the knowledge to a considerable

level on the water management techniques/

practices/issues. This is in conformity with Das and

Sharma (1998) who also found that training

programme contributed signif icantly in

improvement of respondent’s knowledge about

scientific practices. Learning Index (80%) was found

to be more for the office bearers of farmers groups/

SHGs as compared to that of the Pani Panchayat

(LI= 60%). The officials representing state line

departments like Agriculture (LI=54%), Fishery

(LI=54%), Horticulture (LI=54%), Soil Conservation

(LI=51%) and Irrigation (LI= 50%) also gained the

knowledge substantially regarding dif ferent

scientific water management techniques deliberated

during training.

From the Table 3, it was found that knowledge

gain of the trainees representing from Agriculture

department was relatively more on the techniques

viz. residual soil moisture utilization (66%), multiple

uses of conserved rainwater (64%), rice-fish

integration (63%), groundwater utilization and

recharging techniques (61%). Trainees from

Horticulture departments gained maximum

knowledge on soil and water quality issues (69%),

groundwater utilization and recharging techniques

(67%), horticultural crops cultivation (67%),

waterlogged area management (65%), methods of

Where

LI
i
 = Learning Index of  ith  trainee

i=1, 2, 3,…….., N

N=Total number of trainees=208

K
i (Post)

 = Post-training knowledge level of ith trainee

(in %) = Post-average knowledge level score on all

techniques/ practices/ issues deliberated during

training.

K
i (Pre)

 = Pre-training knowledge level of  ith trainee

(in %) = Pre-average knowledge level score on all

techniques/ practices/ issues deliberated during

training.

Knowledge Gain (KG) of the trainees on each of

the technique/ practice / issue deliberated during

the training was calculated by

KG
ij
  =

  (KG
ij (Post)

 – KG
ij (Pre)

)  
x  100

              (100 – KG
ij (Pre)

)

KG
ij
 = Knowledge Gain (%) on the jth technique /

practice / issue for the ith trainee

i=1, 2, 3,……………...,N

N=Total number of trainees=208

J=1, 2,……………….., M

M= Total techniques/ practices oriented during

training=21

Here, the pre-training knowledge level, post-

training knowledge level scores, age, education,

trainings experience on water management,

trainings undergone during past years, water

management work experience, training imparting

experience were considered as independent

variables and the Learning Index was considered

as the dependent variable. The data thus collected

were tabulated and analyzed using descriptive

statistics and correlation coefficient matrix.

RESULTS AND DISCUSSION

Profile of the trainees

The social and personal information of the

trainees were studied and the results are given in

Table 1. Majority of the participants were male (81%)

and 19% were female participants. From the age

distribution of the trainees, it was found that 29%

of trainees were in young age groups (<40 yrs) and

majority (65%) was in middle age (40-60 yrs) group.

There is a need to emphasize participation of the

young trainees in the trainings as young officers

are needed to be more receptive to client’s needs,

better equipped with latest scientific concepts and
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Table 1. Profile of the trainees (N=208) undergone two-week trainers’ training programmes

SI. No. Variables Category Frequency Percentage

1. Gender Male 168 80.77

Female 40 19.23

Young (<40 years) 60 28.72

2. Age Middle (40-60 years) 137 65.64

Old (>60 years) 12 5.64

Upto Higher secondary 114 54.79

3. Education Graduation 63 30.32

Post graduation 31 14.89

4. Experience Training undergone on Nil 135 64.88

water management during One training 56 26.83

past years Two trainings 9 4.39

Three trainings 7 3.41

Seven trainings 1 0.49

Training undergone during Nil 125 60.29

past 10 years One Training 17 8.33

Two Trainings 28 13.24

Three Trainings 18 8.82

Four Trainings 12 5.88

Five Trainings 5 2.45

Seven Trainings 2 0.98

Work experience on water Nil 154 74.15

management One year 34 16.59

Two year 5 2.44

Three year 11 5.37

Four year 2 0.98

Six year 1 0.49

Training imparting Nil 167 80.49

experience by the trainers One training 32 15.61

on water management Two trainings 1 0.49

Three trainings 5 2.44

Four trainings 2 0.98

Table 2. Learning index of different categories of trainees

SI. No. Category of trainees Knowledge level (%) Learning index(%)

Pre- training Post- training

1. Agriculture (39) 46.57 75.53 54.20

2. Horticulture (36) 44.82 74.39 53.58

3. Soil conservation (5) 56.79 78.75 50.82

4. Irrigation (15) 44.12 71.99 49.88

5. Veterinary (3) 34.92 74.21 60.37

6. Fisheries (2) 38.10 71.43 53.85

7. Pani Panchayat Funct. (77) 45.21 77.73 59.35

8. NGOs (3) 36.56 65.11 45.00

9. SHGs (28) 35.71 87.37 80.35

Overall (208) 42.53 75.17 56.78

Note: Figures in the parenthesis indicate number of trainees from respective organization

irrigation and drainage (63%), multiple uses of

conserved rainwater (63%). Trainees from Soil

conservation departments acquired maximum

knowledge on crop planning and crop diversification

(70%), participatory irrigation management (70%),

methods of irrigation and drainage (63%), residual

soil moisture utilization (63%). Trainees from

Irrigation departments gained maximum knowledge

on horticultural crops cultivation (58%), soil and

water quality issues (58%), groundwater utilization
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Table 3. Knowledge gain (%) of the trainees representing different agencies on techniques/ practices deliberated during trainers’ training programmes

Sl. Techniques/ practices Knowledge gain (%) of the trainees representing different agencies All trainees

No. Agriculture Horticulture Soil Irrigation Veterinary Fishery Pani NGOs SHGs (N=208)

(n=39) (n=36) conserva- (n=15) (n=3 (n=2) Panchayats (n=3) (n=28)

tion (n=5) (n=77)

1 Water management problems 63.03 65.41 44.44 50.51 71.43 50.00 65.95 50.00 87.50 66.69

and solutions

2 In-situ rainwater conservation 57.39 53.26 40.00 47.34 71.43 50.00 62.84 50.00 79.17 62.31

techniques

3 Ex-situ rainwater conservation 45.31 42.97 25.00 52.25 62.50 50.00 64.31 50.00 78.13 59.97

techniques

4 Multiple uses of conserved rainwater 63.59 62.65 50.00 48.40 75.00 100.00 64.66 50.00 82.29 65.85

5 Rice-fish integration 62.69 40.41 50.00 55.81 50.00 100.00 52.04 20.00 79.55 59.13

6 Crop planning and crop diversification 58.91 52.85 70.00 50.00 50.00 100.00 63.02 50.00 86.36 64.13

7 Horticultural crops cultivation 56.35 66.54 57.14 57.94 50.00 50.00 60.24 50.00 78.41 63.21

8 Methods of irrigation and drainage 58.66 63.06 62.50 50.00 62.50 50.00 64.51 50.00 78.13 64.83

9 Water-saving irrigation techniques 43.95 54.68 50.00 47.22 62.50 50.00 68.32 40.00 79.17 63.71

10 Pressurized irrigation systems 39.20 48.59 57.14 44.62 62.50 50.00 53.44 33.33 79.55 56.94

(drip and sprinkler)

11 SRI for growing more rice 55.38 54.01 50.00 52.38 71.43 50.00 62.99 50.00 76.14 64.94

with less water

12 Water requirement and irrigation 44.07 41.00 54.55 43.24 50.00 50.00 66.29 40.00 76.14 59.87

scheduling of different crops

13 Soil and water quality issues 55.72 69.17 37.50 57.50 50.00 50.00 50.66 50.00 81.25 57.61

14 Residual soil moisture utilization 65.59 49.84 62.50 51.88 50.00 50.00 42.38 33.33 78.41 54.36

15 Groundwater utilization issues 61.40 66.99 57.14 56.41 62.50 50.00 53.43 50.00 80.21 63.57

16 Waterlogged area managt. 46.82 64.76 44.44 50.00 75.00 50.00 63.49 60.00 90.63 63.81

techniques

17 Micro level water resources 49.46 51.97 57.14 52.27 62.50 50.00 50.48 50.00 81.25 56.07

development

18 Economic use of waterlogged areas 56.76 52.83 50.00 50.45 50.00 50.00 47.59 50.00 83.33 57.06

19 Integrated farming system approach 48.54 56.98 40.00 52.38 57.14 50.00 67.80 50.00 82.29 67.70

20 On-farm water management 56.24 49.83 40.00 53.33 62.50 50.00 67.39 33.33 73.86 61.52

issues/ techniques

21 Participatory irrigation management 54.59 49.71 70.00 44.52 62.50 50.00 62.52 33.33 73.86 59.08

Overall 54.47 55.01 52.17 51.05 60.37 53.85 59.46 45.00 80.27 61.45

t-statistic 28.92** 28.37** 12.91** 32.25** 33.56** 65.53** 43.42** 19.72** 55.70** 91.84**

**Difference in pre-training and post-training knowledge level significant at 1%level as evident from t-statistic
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and recharging techniques (56%), rice-f ish

integration (56%), on-farm water management

issues/techniques (53%), growing more rice with

less water through system of rice intensification

(SRI)(52%), integrated farming system approach

(52%), micro level water resources development

(52%), ex-situ rainwater conservation techniques

(52%), residual soil moisture utilization (52%).

Trainees from Veterinary departments got maximum

knowledge on multiple uses of water (75%). Trainees

from Fishery departments gained maximum

knowledge on multiple uses of conserved rainwater

(100%), rice-fish integration (100%). Pani Panchayat

Functionaries acquired maximum knowledge on the

technologies/practices like water-saving irrigation

techniques (68 %), integrated farming system

approach (68%), on-farm water management issues/

techniques (67%), water requirement and irrigation

scheduling of different crops (66%), multiple uses

of conserved rainwater (65%), methods of irrigation

and drainage (65%), ex-situ rainwater conservation

techniques (64%), waterlogged area management

(63%), crop planning and crop diversification (63%),

SRI for growing more rice with less water (63%), in-

situ rainwater conservation techniques (63%).

Trainees from NGOs acquired maximum knowledge

on waterlogged area management (60%), integrated

farming system approach (50%), water management

problems and solutions (50%), multiple uses of

conserved rainwater (50%), methods of irrigation

and drainage (50%), ex-situ rainwater conservation

Table 4. Correlation analysis between socio-personal variables of trainees and their learning index

Variables Age Education Trainings Trainings Water Training Learning

undergone undergone management imparting index

on water during work experience

management past years  experience   by the

trainers on

water

management

Age 1

Education -0.016 1

Trainings undergone on 0.178* 0.001 1

water management

Trainings undergone 0.059 0.426** 0.287** 1

during past years

Water management -0.033 0.171* 0.115 0.398** 1

work experience

Training imparting -0.126 0.160* 0.024 0.272** 0.202** 1

experience by the trainers

on water management

Learning index -0.070 -0.259** -0.265** -0.190** 0.072 -0.124 1

** 1 % level of significance; * 5% level of Significance

techniques (50%). Office bearers of the SHGs who

have attended the training, showed enhancement

in knowledge on several aspects like waterlogged

area management (91%), crop planning and crop

diversification (86%), economic use of waterlogged

areas (83%), multiple uses of conserved rainwater

(82%), integrated farming system approach (82%),

soil and water quality issues (81%), micro level water

resources development (81%), groundwater

utilization issues (80%).

The overall knowledge gain of all the trainees were

found be varied and relatively high for certain

techniques/practices/issues like integrated farming

system (68%), water management problems and

solutions (67%), multiple uses of conserved rainwater

(66%), SRI for growing more rice with less water (65%),

methods of irrigation and drainage (65%), crop

planning and crop diversification (64%). The t-test

revealed that the change in knowledge level on the

techniques/practices/issues is significant at 1% level

(Table 3). Thus, it may be inferred that the trainings

had significantly contributed towards the improvement

of knowledge of the trainees. This finding is in

accordance with the findings of Kumar et al., (2005).

Correlation between socio-personal variables with
the Learning Index

The correlation analysis was done to find the

relationship between the socio-personal variables

and Learning index of the trainees. From Table 4, it

is revealed that Learning Index hold negative

correlation with education, trainings undergone on
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water management, trainings undergone during past

years, which were found to be significant at 1% level.

This may be inferred that more educated and

experienced trainees showed relatively low level of

learning which implies that those trainees, who had

a considerable experiences and knowledge on water

management showed relatively low increase in

knowledge. This may be due to reason that

experienced trainees are relatively more at home of

scientific techniques and knowledge in their

respective fields. Correlations between age, training

imparting experience and Learning Index are found

to be non- significant.

CONCLUSION

The overall Learning Index was found to be

enhanced considerably which in turn would help

the developmental / extension personnel to improve

their skill and job performance in the organization

as well  as to motivate the farmers for the

implementation of the latest scientific water

management techniques in agriculture leading to

enhancing water productivity in agriculture. As the

experience of the extension personnel in scientific

water management was found meager, these types

of trainings need to be conducted in the state line

extension departments at a large scale to realize

better impact.
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Effect of  Post Flowering Exogenous Application of  Nutrients on

Yield and Quality of  Banana cv. Grand Naine

Banana is an important irrigated fruit crop

widely cultivated in the tropics Purseglove (1975).

In the Konkan region of Maharashtra which is a

coastal belt its cultivation is recently becoming

popular among the farmers. Presently Banana is

cultivated on co-operative basis by many group of

farmers in the Ratnagiri district. Mostly Grand naine

cultivar of Banana is presently cultivated. The soils

of Konkan region are laterite and light with respect

to nutrient and hence, in spite of proper nutrient

management through soil, the yield levels and

quality of banana are lower in Konkan region as

compared to other parts the Maharashtra state.

Hence there was a feedback from farmers for

technique to improve the yield levels and quality of

banana. Hence a field experiment was undertaken

to study the effect of post harvest exogenous

application of nutrients on yield and quality of

banana.

A field experiment was conducted at the

experimental farm of Department of Horticulture,

College of Agriculture, Dapoli, Dist. Ratnagiri. The

newly planted tissue cultured plants of banana cv.

Grand naine at 2 X 2 m spacing during 2007 – 08

were selected. The population was kept under

optimum management practices with application of

recommended dose of fertilizers i.e. 400 g N, 600 g

P
2
O

5
 and 200 g K

2
O. The experiment was conducted

in Randomized Block design with three replications

and fifteen treatments. The details of treatments

are given in Table 1.

Among the treatments, 1 to 12 were applied as

foliar sprays on bunch whereas in treatment 13 and

14 the bunch feeding technique was used. The

observations on period required for harvesting

(days), weight of bunch (kg), number of hands /

bunch, number of fruits / bunch were recorded.

Five fruits per treatment per replication were

randomly selected to record the physico-chemical

composition viz., fruit length (cm), fruit breadth

(cm), circumference (cm), fruit weight (g), pulp

weight (g), peel weight (g), pulp to peel ratio,

moisture (%), TSS (0 B), acidity (%), pH, sugars

percentage. The shelf life (days) was also recorded.

The statistical analysis was done according the

method suggested by Panse and Sukhatme (1997).

The banana fruits were harvested earlier within

95 days after flowering in treatment T
3
, whereas in

treatment T
9
 (103.67 days) the most delayed

harvesting was recorded. All the foliar nutrient

treatments could improve the bunch weight than

control. The bunch weight was highest in T
3
 (27.83

kg plant-1). Similarly the hands per bunch as well

as the number of fruits per bunch observed in

Treatments Application after opening of last hand After 15 days of first application

T
1

KNO
3
 – 0.5 % KNO

3
 – 0.5 %

T
2

KNO
3
 – 1.0 % KNO

3
 – 1.0 %

T
3

KNO
3
 – 1.5 % KNO

3
 – 1.5 %

T4 Urea – 0.5 % Urea – 0.5 %

T5 Urea – 1.0 % Urea – 1.0 %

T6 Urea – 1.5 % Urea – 1.5 %

T7 19:19:19 – 0.5 % 19:19:19 – 0.5 %

T
8

19:19:19 – 1.0 % 19:19:19 – 1.0 %

T
9

19:19:19 – 1.5 % 19:19:19 – 1.5 %

T
10

0:52:34 – 0.5 % 0:52:34 – 0.5 %

T
11

0:52:34 – 1.0 % 0:52:34 – 1.0 %

T12 0:52:34 – 1.5 % 0:52:34 – 1.5 %

T13 Bunch feeding – 5 g A.S. + 2.5 g SOP Bunch feeding – 5 g A.S. + 2.5 g SOP

T14 Bunch feeding - 2.5 g A.S. + 1.25 g SOP Bunch feeding - 2.5 g A.S. + 1.25 g SOP

T15 Control (No spray) Control (No spray)



treatment T
3
 were the greatest and significantly

superior (9.00 and 142.67 respectively). Importantly

the fruit length, breadth and circumference of

banana fruit were significantly improved by all foliar

nutrient application treatments over control. The

treatment T
3
 was significantly superior for highest

contribution in fruit length (29.67 cm), breadth (4.82

cm) and circumference (15.15 cm). The fruit weight,

pulp weight and pulp to peel ratio was improved by

various post flowering application of nutrients. The

pulp to peel ratio recorded in treatment T
11

 (1.85)

was the highest. The pulp weight, peel weight and

fruit weight recorded in treatment T
3
 was

significantly greatest (151.47 g, 83.57 g and 235.03

g respectively). The moisture content was found to

be significantly lowest in treatment T
12 

(79.18 %)

whereas it was found to be highest in treatment T
4

(86.98 %). The control fruits recorded 3.93 0 B TSS,

0.18 per cent reducing sugar, 0.19 per cent non

reducing sugar and 0.31 per cent total sugars. These

magnitudes of chemical composition of banana

fruits were improved by all nutrient treatments.

Among all the treatments T
3
 recorded significantly

greatest TSS (4.35 0B), reducing sugar (0.26 %), non

reducing sugar (0.27 %) and total sugar (0.47 %).

The shelf life of banana fruits after harvest in control

was 7.83 days. It was also improved by all nutrient

treatments. The maximum shelf life of 9.5 days was

found in treatment T
3
. Among all the nutrient

application, foliar application on bunch was found

to beneficial than bunch feeding. Thus, the present

investigation suggested that application of major

nutrients N, P and K after flowering in banana helps

to improve the yield, quality and shelf life. Nitrogen

is supposed to give impetus to the formation of new

cells and therefore in mass is associated with

nitrogen (Miller and Turk, 2004). Potassium and

phosphorous increases the capacity to synthesize

the starch (Singh, 2006), thus this could be the

reason of increase in weight of fruits from trees

treated with these nutrients. Among all the

treatments T
3
 (KNO

3
 – 1.5 % Twice) was found to be

the best. The improvement in fruit quality by foliar

sprays of potassium nitrate has been reported

earlier by Brahmachari et al., (1997) in guava cv.

Allahabad safeda and Kumar et al., (2003) in mango.
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