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PREFACE

The principal objective of irrigation and water management research is to determine how best the water resources,
be it from underground, surface or rainfall can be utilized for crop production and how to minimize the harmful
effect of this water. This inevitably demands research on how to exploit available sources of water, convey and
distribute them to farms and apply the same to the individual crop field. The next important aim is to incredase the
crop water use efficiency in order to obtain maximum production per unit drop of water thereby increasing
economic return and improving livelihood of the farmers. To achieve this goal, research need to be conducted on
when and how much water should be applied, and when irrigation is not necessary at all.

The general objectives of the division are to conduct research on: a) proper irrigation scheduling and rain water
management of the upland crops and drainage thereof, b) finding appropriate technologies for conveyance,
distribution, application and utilization of water resources for crop production, ¢) assessment of ground water
reserves and its development for agricultural use, d) water management in saline and drought prone areas e)
wastewater management f) micro irrigation, and g) impact of climate change on irrigated agriculture.

There are great potentidalities that need to be developed in the management of ground and surface water resources.
In many crops improved irrigation system has the potential to double the production. Rice crop, on average, require
1000 mm of water for the growing season whereas most upland crops require 200 to 500 mm water when applied
efficiently. All these indicate that there remains tremendous possibility of increasing crop production by bringing
more upland crops under irrigation and by properly controlling and managing the available water resources.

The task requires, amidst others, research in larger scale and in diversified crops. However, the division has got a
very limited number of scientists and facilities to address the aforementioned research problems. With this
manpower and facilities, we are trying our best to the benefit of our agricultural concerns.

Research and development activities of Irrigation and Water Management Division are directed towards the
economic development of the country. The division is working to help the nation becoming self-sufficient in food, to
generate employment in agriculture and to increase income of farmers through the development of appropriate
water management practices and techniques widely acceptable to all categories of farmers. This report presents the
findings of both on-station and on-farm studies conducted during 2021-22. This year, the division carried out
researches in the areas of crop water requirement and irrigation scheduling, water application and distribution
methods, on-farm water management, saline and wastewater management, groundwater management and
dissemination of developed water saving technologies at the farmer's level and improvement of farmers’ traditional
irrigation practices.

Finally, I like to express my sincere thanks to the scientists/staffs concerned with these studies and to all who helped
in bringing out this report.

Dr. Md. Anower Hossain
Chief Scientific Officer (in-charge) and Head
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RESPONSE OF MUNGBEAN TO DIFFERENT LEVELS OF IRRIGATION
S.S. A. KAMARY, S. K. BISWAS?, M. A. HOSSAIN®, M. R. UDDIN* RAJIUDDIN® AND M. A. RAHMAN?®

Abstract

To increase crop and soil productivity in single rice cropped areas of Bangladesh, mungbean is being
considered for the dry period. Due to uncertainties in onset, frequency, and amount of pre-monsoon rainfall, the
yield of mungbean often hampered by shortage of water, with its incidence and severity exacerbated by the
present long term dry period effect in agriculture. This study examined the potential benefits of different levels
of irrigations on mungbean cultivation at two different agro environmental region (Gazipur and Barishal). The
experimental design was randomized complete block and the plots were distributed into three replications. Four
different levels of irrigation (control, irrigation at early vegetative stage, irrigation at early vegetative stage and
flowering stage and lastly irrigation at early vegetative stage and pod formation stage) were used to determine
the most efficient water productive irrigation system for mungbean cultivation. With irrigation (at early
vegetative stage and flowering stage), yields were greater (1215.94 kg/ha at Gazipur and 1434.67 kg/ha at
Barishal) than without irrigation treatment (1029.00 kg/ha at Gazipur and 1077.67 kg/ha at Barishal) at both
locations. When mungbean were irrigated, yields were also increasing according to the irrigation levels.
Smaller yields in all scenarios were associated with either water deficit stress or waterlogging stress. Results
indicate that mungbean productivity in single rice production systems in Bangladesh could be increased by
managing irrigation levels and selecting optimum planting time. Farmers could acquire higher yield, water
productivity and as well as profit.

Keywords: Mungbean, irrigation, yield, water productivity, benefit cost ratio.

Introduction

Mungbean (Vigna radiata (L.) Wilczek), a popular pulse crop with good test and important source of
plant protein (19.5 to 28.5% proteins), has been widely cultivated throughout the world especially in
Asian sub-continent including Bangladesh (Lambrides and Godwin, 2006). In Bangladesh the present
area under mungbean cultivation is 101 thousand acres with a total production of 37 thousand ton and
an average yield of 351 kg acre-1 (BBS, 2016). The crop is cultivated either during early kharif or late
rabi season (March to June). Several biotic and abiotic stresses either singly or collectively caused
adverse effect on mungbean plant resulting poor growth and development. Abiotic stresses including
drought, have been reported as major constraints to the mungbean production projecting more than
50% of yield loss (Gaur et al., 2012). Mungbean is sensitive to both low and high soil moisture
(Trung et al. 1985a,b) and is especially vulnerable to excessive rainfall as it approximates maturity
(Imrie et al. 1988). In wet periods, SWTs increase the likelihood of waterlogging problems, but in dry
periods they are beneficial for meeting part or all of the crop water requirement through upward
capillary flux (Ragab and Amer, 1986; Williamson and Kriz, 1970; Hundal and de Datta, 1984,
Wallender et al.,1979). Soil water deficit or drought stress is considered as a severe threat to
sustainable agriculture and food security (Foley et al., 2011). The concern is very much alarming to
the country like Bangladesh where it is more likely to face the consequences of different
anthropogenic activities that might increase the severity of drought stress at near future. It has become
a great need for the understanding of drought tolerance mechanisms prior to development of major
drought tolerant varieties to achieve sustainable production goal of crop. Plants follow several
strategies including morpho-physiological and molecular changes for the acclimation in drought
stress. Drought induced several developments of plants seemingly adjust the water crisis either by the
alteration of morphological, physiological or both to overcome the soil moisture stress. Physiological
adaptation increases the accumulation of osmolytes and adjusted osmotic potential by reducing
cellular dehydration (Omprakash et al., 2017). Increased accumulation of proline has been reported in
mungbean during drought (Bharadwaj et al., 2018), nevertheless detail understanding of
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® Chief Scientific Officer & Head, IWM Division, BARI, Gazipur,
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morphological and physiological alteration for screening of mungbean varieties based on the tolerance
characteristics mentioned above should be very essential to adjust and mitigate the upcoming
challenges. The problem is widespread in the southern part of the country where mungbean
production is hampered to a great extent by the existing water limiting condition.

Materials and methods:

The experiment was conducted at the experimental field of IWMD and RARS, Rahmatpur, Barishal

during January, 2022 to April, 2022 to determine the effect of irrigation at different growth stages of

mungbean and to understand the effects of irrigation on yield and yield components of mungbean.

The test crop was BARI mug-8. This variety become popular due to the stress tolerant characteristics.

The recommended doses of urea, triple super phosphate, muriate of potash, gypsum and boron at the

rate of 45, 90, 45, 55 and 10 kg/ha were applied at the time of land preparation. The first weeding was

done manually at 20 DAS and also the thinning was done; the rest of the plants were uprooted

carefully to avoid disturbance to the nearby plants.

Experimental design

The experiment consisted of one factors: irrigation. Irrigation had four levels or treatments. Irrigation

was scheduled based on the depth of water required. The irrigation treatments were allocated to the

plot through flood irrigation. The irrigation treatments were:

1. Control (No Irrigation)

2. Early vegetative stage (10-15 days after emergence)

3. Early vegetative stage (10-15 days after emergence) + Flowering stage (35-40 days after
emergence)

4. Early vegetative stage (10-15 days after emergence) + Pod formation Stage (45-50 days after
emergence)

Quantification and application of irrigation water

Irrigation was applied based on the depth of water required. The procedure of calculating irrigation

water is summarized below
n

(FC - RLL) XAS,: X Di
dir = Z

i 100
Here,
di = Depth of irrigation water to be applied within the one irrigation cycle (mm),
FC = Mean soil moisture content at field capacity (%),
RL; = Residual soil moisture level before each irrigation in the i" layer of soil profile (%)
As; = Apparent Specific Gravity of the i"" layer of soil,
D; = Depth of the i layer of the soil profile within the root zone to be irrigated (mm),

Irrigation was applied by using power sprayer and no excess water was applied in the plots. In this
case volume of water was measured by the following equations.
V=axd (m°)
Here, V= Volume of water in m®

a= area of the plot in m?

d= depth of water applied (m)
The following data was collected from the sample plants

e Plant Population

e Plant height (cm)
o  Number of pod/plant
e  Number of seed/pod
e 1000 seed weight (gm)
e Yield (kg/ha)
Water productivity

The water use of a crop field is generally described in terms of water productivity (WP), which is the
ratio of the crop yield to the total amount of water used in the field during the entire growing period of
the crop. The WP demonstrates the productivity of water in producing crop yield. WP for maize was
calculated by:

pg. 2



wp=_Y 2)

SWuU
Where, WP = Water Productivity, kg/m3
Y = Grain yield, kg/m?
SWU =  Seasonal water use in the crop field, m

The WU was calculated by summing up the water applied in irrigation (taking into account the
rainfall) and soil moisture contribution.

Data analysis

The collected data were analyzed using R and the mean differences were adjusted by LSD.

Results and discussion

The results represent the yield and yield contributing characters of BAR mug-8 at different irrigation
levels. Table 1 describes the results obtained from IWMD research field during 2021-22. The results
showed that the plant height was varied significantly at different irrigation levels and the highest
(38.33 cm) plant height was found at treatment T3 whereas the lowest (32.33 cm) was observed at
treatment T,. The plant population was observed statistically significant among the treatments. The
highest (31) plant population was observed at treatment T whereas the lowest (28) plant population
was observed both at T, and Ty, respectively. The number of pod/plant was also perceived statistically
significant from Table 1. The number of pod/plant was observed highest (40) at treatment T on the
other hand the lowest (25) number of pod/plant was perceived at T, treatment. Number of seed/pod,
1000 seed weight and yield were seemed statistically insignificant among different irrigation levels
(Table 1). The yield of mungbean was observed highest (1215.94 kg/ha) at treatment Tz and the
lowest (1029.00 kg/ha) yield was observed at treatment T;.

Table 1. Yield and yield contributing characters of mungbean cultivation at IWMD research field

Plz?\nt Plant Number of Number of 1090 seed Yield
Treatments height . weight

(cm) population pod/plant seed/pod (gm) (kg/ha)
T, 33.78 28.00 25.00 10.00 33.67 1029.00
T, 32.33 30.00 28.00 11.00 32.33 1029.35
Ts 38.33 31.00 40.00 11.00 32.33 1215.94
T, 34.22 28.00 28.00 11.00 32.33 1035.77
CV(%) 7.27 4.48 7.28 6.28 3.02 9.76
LSD 5.04 2.66 4.41 - - -

The results represent the yield and yield contributing characters of BAR mug-8 at different irrigation
levels. Table 1 describes the results obtained from RARS, Rahmatpur, Barishal research field during
2021-22. The results showed that the plant height was varied significantly at different irrigation levels
and the highest (58.33 cm) plant height was found at treatment T, whereas the lowest (43.13 cm) was
observed at treatment T,. The plant population was observed statistically insignificant among the
treatments. The highest (32) plant population was observed at treatment T, whereas the lowest (29)
plant population was observed both at T,. The number of pod/plant was also perceived statistically
significant from Table 1. The number of pod/plant was observed highest (148.00) at treatment T on
the other hand the lowest (43) number of pod/plant was perceived at T, treatment. Number of
seed/pod was observed highest (13.00) at treatments T3 and T, respectively and the lowest number of
seed/pod was observed at T, treatment. The number of seed/pod was perceived statistically significant
among the treatments. 1000 seed weight and yield were seemed statistically significant among
different irrigation levels (Table 1). The 1000 seed weight was observed highest (31.20 gm) at
treatment T, whereas the lowest 1000 seed weight was observed at T; treatment. The yield of
mungbean was observed highest (1434.67 kg/ha) at treatment T and the lowest (1077.67 kg/ha) yield
was observed at treatment Tj.
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Table 2. Yield and yield contributing characters of mungbean cultivation at RARS, Barishal research

field

Plant .
Treatments heiaht Plant Number of ~ Number of 1000 seed Yield

(cr%) population pod/plant seed/pod weight (gm) (kg/ha)
T, 43.13 31.00 43.00 10.00 31.00 1077.67
T, 49.00 32.00 98.00 12.00 31.03 1211.33
Ts 57.27 31.00 148.00 13.00 30.63 1434.67
T,y 58.33 29.00 138.00 13.00 31.20 1256.67
CV(%) 7.67 5.37 7.67 4.56 1.26 3.47
LSD 7.96 - 16.37 1.09 0.78 86.37

Water productivity:

Table 3 and 4 represents the overall amount of water applied to each irrigation and the water
productivity for cultivating mungbean at IWMD reseach field, Gazipur and RARS, Rahmatpur,
Barishal. As the T, characterizes as the control treatment so that no irrigation was applied at T, for
both locations. Only effective rainfall was used for calculating water productivity. From Table 3 and
4, it was perceived that the water productivity was higher at control treatment than other treatments.
The water productivity was observed 0.92 kg/m® and 2.27 kg/m?® at treatment T for both the locations,
respectively.

Table 3. Water productivity of mungbean cultivation at IWMD research field

Amount of total Effective Total Watgr . .
Treatment irrigation (cm) Rainfall (cm) water use productivity Yield (kg/ha)
(cm) (kg/m?)
T, 0.00 11.20 11.20 0.92 1029.00
T, 1.49 11.20 12.69 0.81 1029.35
Ts 2.13 11.20 13.33 0.91 1215.94
T, 2.55 11.20 13.75 0.75 1035.77

Among the irrigated treatments (T,, T3, and Ty), the water productivity was perceived higher (0.91
kg/m® and 1.71 kg/m®) at T, treatment for both the locations. T, treatment provided the lowest (0.75
kg/m® and 1.46 kg/m®) water productivity at both IWMD and RARS research field, respectively. As
the highest amount of water was applied at T, treatment the water productivity was found lowest.

Table 4. Water productivity of mungbean cultivation at RARS, Rahmatpur, Barishal research field

Treatment A_mouqt of total Effective W;;g:at:se Water prodlSJctivity Yield (kg/ha)
irrigation (cm) Rainfall (cm) (cm) (kg/m?)

T, 0.00 4.75 4.75 2.27 1077.67

T, 2.37 4.75 7.12 1.70 1211.33

Ts 3.65 4.75 8.40 1.71 1434.67

T, 3.85 4.75 8.60 1.46 1256.67

Economic analysis

Table 5 comprises, the cost calculation for mungbean cultivation at both Gazipur and Barishal. Except
irrigation cost, rest of the costs were remained same for mungbean cultivation. Among all irrigation
levels control treatment provided low cultivation cost than others due to no irrigation cost was
required for mungbean cultivation at T, treatment. The highest cultivation cost was observed at
treatment Tz and T, due to higher irrigation cost at that two treatments.
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Table 5. Cost calculation for mungbean cultivation

Treatment  Land preparation Seed Fertilizer and Irrigation Labor  Total Cost
(tk/ha) (tk/ha) pesticide (tk/ha) (tk/ha) (tk/ha)
(tk/ha)
T, 8645 3000 15350 0 30000 56995
T, 8645 3000 15350 6175 30000 63170
Ts 8645 3000 15350 12350 30000 69345
T, 8645 3000 15350 12350 30000 69345

Table 6 provides information related to the profit expense proportion for mungbean cultivation. The
gross return was perceived highest (79036.10 tk/ha) at treatment T3 and the lowest (60885.00 tk/ha)
gross return was observed at treatment T,. From Table 6, it was illustrated that the benefit cost ratio
was higher (1.14) at T3 treatment.

Table 6. Benefit cost ratio of mungbean cultivation at IWMD research field, Gazipur

Treatment Total Cost (tk/ha)  Gross Return (tk/ha) BCR Yield (kg/ha)
T, 56995.00 60885.00 1.07 1029.00
T, 63170.00 66907.75 1.06 1029.35
Ts 69345.00 79036.10 1.14 1215.94
T, 69345.00 67325.05 0.97 1035.77

In case of RARS research field, some unlike situation was observed from Table 7. The cultivation
cost was similar as the IWMD research field but Table 7 illustrated some unlike situation in case of
BCR than IWMD research field. The highest (1.34) BCR was perceived at T3 treatment and the lowest
(1.23) BCR was observed at T, treatment. In case of RARS, Barishal research field the T; treatment
gave higher production than IWMD research field in Gazipur.

Table 7. Benefit cost ratio of mungbean cultivation at RARS, Rahmatpur, Barishal research field

Treatment Total Cost Gross Return BCR Yield (kg/ha)
(tk/ha) (tk/ha)
T, 56995 70048.55 1.23 1077.67
T, 63170 78736.45 1.25 1211.33
T; 69345 93253.55 1.34 1434.67
T, 69345 81683.55 1.18 1256.67
Conclusion

Irrigation at mungbean cultivation have positive effect which increases yield largely. But in some
weather perspective irrigation may effect profit. In case of southern farmers two irrigation (early
vegetative stage and flowering stage) can enhance mungbean production. Another year research
performance will specify the relations of different irrigation levels on BARI mug-8 cultivation at both
Gazipur and Barishal.
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OPTIMIZE FERTIGATION MANAGEMENT TO MINIMIZE NITRATE
LEACHING FROM DRIP IRRIGATED BRINJAL FIELD

D.K. ROY?, S.K. BISWAS!, K.F.I. MURAD? AND K.K. SARKAR®

Abstract

This research was carried out at the research field of Irrigation and water Management Division (IWM)
of Bangladesh Agricultural Research Institute (BARI), Gazipur during 2019-2020, 2020-2021, and
2021-2022 to optimize fertigation management for minimizing nitrate leaching from drip irrigated
brinjal field. BARI Bt. Brinjal 4 cultivar was used for the experiment. There were four different
irrigation treatments comprising two levels of irrigation intervals and two irrigation timings [Drip
irrigation at 4-day interval with fertigation at the beginning of the irrigation cycle (T,), Drip irrigation
at 3-day interval with fertigation at the beginning of the irrigation cycle (T,), Drip irrigation at 4-day
interval with fertigation at the end of the irrigation cycle (T3), and Drip irrigation at 3-day interval with
fertigation at the end of the irrigation cycle (T,)]. It is observed that yield and yield contributing
characters were varied significantly among the irrigation treatments for the three growing seasons and
that yield components followed the similar trend. It is also observed that treatment T, received highest
amount of irrigation (270 mm) followed by the treatments T,, T3, and T, in 2019-2020 growing season.
Although the treatments received different amounts of irrigation water in the growing seasons 2020-
2021 and 2021-2022, the trend of water application remained the same. Modelling results for
optimizing fertigation management is being conducted and will be presented in the final version of the
report.

Introduction

Groundwater pollution from use of nitrogenous fertilizer in intensive agriculture is becoming one of
the major concerns in recent years. Appropriate management of nutrient and water in agricultural
activities is the key to minimizing groundwater pollution and maximizing crop productivity
(Abdelkhalik et al., 2019; Ajdary et al., 2007; Azad et al., 2018). Optimized management practices
aiming at reducing the amount of water and nitrogen application without compromising with the yield
reduction are able to reduce the extent of groundwater pollution through nitrate leaching (Shrestha et
al., 2010). Based on the crop nitrogen requirement, this management strategy should incorporate soil
moisture regulation for nitrate transport as well as managing the amount and timing of application of
nitrogen fertilizers (Shrestha et al., 2010). Drip fertigation is a promising irrigation technology, which
improves water and nutrient use efficiency to enhance crop productivity. If designed and managed
properly, drip fertigation is likely to maximize nutrients uptake by plants and minimize water and
solute losses beyond the root zone of the plants. However, optimization strategy of fertigation
management plays an important role in the implementation of drip fertigation in order to obtain better
crop yields and reduced soil and groundwater contamination. Therefore, the main objective of this
study is to develop a drip fertigation management strategy that includes supplying adequate nitrogen
to brinjal crop, minimizing nitrate leaching to groundwater, and avoiding nitrogen accumulation in the
soil at the end of the crop growing season.

Development of any management strategy requires evaluation of several scenarios through
optimization approach. These scenarios are very difficult, if not impossible to obtain from the field
experimental setup. A simulation model is often employed to generate different scenarios using a
particular set of data obtained from the field. Many simulation models have been implemented to
simulate water flow and solute transport in soil, among which HYDRUS-1D and HYDRUS (2D/3D)
(Simunek et al. 2011) has been extensively used because of its ability to incorporate root distribution
as well as water and nutrient uptake by the crop. Present study intended to utilize HYDRUS (2D/3D)
simulation to generate various scenarios of drip fertigation management and the corresponding nitrate

1 S50, IWM Division, BARI, Gazipur
250, IWM Division, BARI, Gazipur
® $S0, HRC, BARI, Gazipur
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concentration in the root zone water and beyond the root zone. Therefore, the objective of this study
was to optimize drip fertigation management to minimize nitrate leaching.

Materials and Methods

The field experiment was conducted during the rabi season of 2019-2020 (Year-1) and 2020-2021
(ear-2), between the months of December and April, at the research field of Irrigation and Water
Management Division (IWM), Bangladesh Agricultural Research Institute (BARI), Gazipur. The
experimental field was located between 24.00° N latitude and 90.25°E longitude with an altitude of
8.40 m above MSL. The sand, silt and clay proportions of the soil in the experimental field were 36.5,
35.4 and 28.1, respectively. Top 30 cm of the soil layer had a field capacity, wilting point and bulk
density values of 28.5%, 13.72% and 1.46 g cm™, respectively. The nutrient content of the
experimental soil in the form of N, P,Os and K,O were 51.1, 12.5 and 265.6 kg ha™, respectively
while the organic matter content of the top soil was recorded as 1.04%.

BARI Bt. Brinjal 4 cultivar was used for the study. The experiment was laid out in a
randomized complete block design with four drip fertigation treatments replicated thrice. The
treatments were as follows:

T, = Drip irrigation at 4-day interval with fertigation at the beginning of the irrigation cycle
T, = Drip irrigation at 3-day interval with fertigation at the beginning of the irrigation cycle
T; = Drip irrigation at 4-day interval with fertigation at the end of the irrigation cycle
T, = Drip irrigation at 3-day interval with fertigation at the end of the irrigation cycle

The unit plot size was 5 m x 4 m. The experimental blocks were separated by 2 m and the
plots within each block were separated by 1 m wide buffer strips in order to prevent lateral seepage of
applied irrigation water into the adjacent plots. Brinjal plants of 28 days old were transplanted on 08
December 2019 with a plant spacing of 100 x 75 cm. Farm yard manure at the rate of 10 t ha™ was
properly mixed with the soil during the land preparation. Fertilizers were applied at the rate of 375 kg
N, 250 kg P, 250 kg K, and 100 kg gypsum per hectare. Half of the nitrogen and phosphorus, and the
full doses of potassium and gypsum were applied during the land preparation while the remaining half
of the nitrogen and phosphorus was applied with drip fertigation.

Estimation of irrigation water

The irrigation water was applied to bring the soil moisture at field capacity considering effective root
zone depth. Soil moisture was determined before each irrigation by gravimetric method. Irrigation was
applied up to the field capacity of the soil. Measured amount water was applied to all treatments in ring
basin method.

The normal depth of water needed to apply was determined using the following equation:

FC-MC;
100

d= X Ag X D @

where, d = depth of irrigation, mm; FC = field capacity of the soil, %; MC; = moisture content of the soil at
the time of irrigation, %; A, = apparent specific gravity of the soil; D = root zone depth, mm.

Rainfall data were collected from the weather station, Joydebpur, Gazipur. Effective rainfall
was calculated on daily basis during the growing period.

Water Productivity Index (WPI)
Water productivity index was calculated using the following equation:
WPI =Y/q 2

where, WPI = Water Productivity Index, kg/m® Y = the yield (kg/ha) for the season in the specific
area; q = total supply of water including rainfall per ha for the season in the specific area, m*ha.
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Statistical analysis

Statistical analysis was carried out to obtain the variance for different parameters. Treatment effects
were analyzed using a one-way ANOVA using MATLAB.

Results and Discussion

Yield and yield contributing characters of brinjal during 2019-2020 (Year-1), 2020-2021 (Year-2),
and 2021-2022 (Year-3) growing seasons were analyzed statistically and are presented in Table-1. It
is observed from Table-1 that irrigation treatments had significant effects on all the yield and yield
contributing characters of brinjal. In 2019-2020 (Year-1), the highest marketable yield was obtained
from treatment T, (32.91 t/ha) followed by the treatments T, (32.64 t/ha), T3 (31.84 t/ha), and T,
(31.29 t/ha). Similarly, the highest (37.24 t/ha) and lowest (31.41 t/ha) marketable yields were
obtained from treatments T4 and T, respectively in the second year (Year-3). The marketable yield of
brinjal followed the similar trend during the third year (Year-3). The highest marketable yield of
36.76 t/ha was obtained from the treatment T, while the lowest marketable yield was obtained from
the treatment T, (31.32 t/ha) Therefore, it is perceived that despite varied in magnitude, the
marketable yield of brinjal followed the similar trend during the three growing seasons as evidenced
from the results presented in Table 1.

Table 1. Yield and yield contributing characters of brinjal during 2019-2020 growing season

T Length of fruit,  Diameter of  Unit weight  Cull yield, Marketable
reatments

cm fruit, cm of fruit, g t/ha yield, t/ha
Year-1 (2019-2020
T, 7.92 6.45 425 8.71 31.29
T, 8.54 7.25 450 7.36 32.64
T, 8.01 5.92 432 8.16 31.84
T, 8.85 7.93 438 7.09 32.01
F 6.74 27.35 141.14 17.18 47.08
Prob.>F 0.014 0.0001 2.88x10”7 0.0008 1.98x10°
Year-2 (2020-2021)
T, 7.87 6.52 428 8.69 31.41
T, 8.56 7.21 455 7.42 32.71
T, 8.02 5.87 437 8.11 31.97
T, 8.85 7.97 442 7.08 33.01
F 5.49 25.79 44.48 83.89 37.24
Prob.>F 0.0241 0.0002 2.46x10° 2.19x10° 4.77x10°
Year-3 (2021-2022)
T. 7.93 6.43 423 8.59 31.32
T, 8.61 7.29 461 7.39 32.83
T, 8.11 6.01 444 8.03 32.08
T, 8.89 7.95 471 6.99 33.11
F 5.31 21.54 31.06 43.68 36.76
Prob.>F 0.0262 0.0003 0.313x10°  2.634x10° 50..9x10°

Multiple comparison tests were performed to determine which treatments were different than
the others in terms of yield and yield attributing characters of brinjal. Multiple comparison test for the
treatments in terms of the length of fruit of brinjal for the three growing seasons (2019-2020, 2020-
2021, and 2021-2022) is presented in Figure 1. The multiple comparison test for the three growing
seasons (2019-2020, 2020-2021, and 2021-2022) suggested that the means of groups 1 and 4 were
significantly different (2019-2020); no groups had means significantly different from group 2 (2020-
2021); the means of groups 1 and 4 were significantly different than others (2021-2022).
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Figure 1. Multiple comparison test for the treatments in terms of the length of fruit: (a) 2019-2020, (b)
2020-2021, and (c) 2021-2022.

For the diameter of fruits, the multiple comparison test showed the similar trends for the three
growing seasons. The multiple comparison test for different treatments (presented in Figure 2)
revealed that two groups (group 2 and 4) had means significantly different from group 1 (2019-2020);
the means of two groups (group 2 and 3) had means significantly different from the groups 1 and 4
(2020-2021); two groups (group 2 and 4) had means significantly different from group 1 (2021-2022).
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