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EFFECT OF IRRIGATION AND GROWTH REGULATOR ON
CHLOROPHYLL CONTENT, RELATIVE WATER CONTENT AND
YIELD OF MUNGBEAN ( Vigna radiate L.)

ABSTRACT

An experiment was conducted at the Farm of Sher-e-Bangla Agriculrural University,
Dhaka to evaluate the effect of irrigation and growth regularor on chlorophyll content,
water relation and yield of mungbean during the period from March 2012 1o May
2012, The experiment comprised of two different factors such as (1) two levels of
irrigation viz. lo (contol), and Ty (irrigation at birst fAlowering stage) and (2) five levels
of GAxviz. Go (no GAs), Gz (20 ppm per unit area of GA), G (40 ppm per unit
area of GAs), Geo (60 ppm per unit area of GAs) and Gsp (80 ppm per unit area of
GA3). The experiment was set up in Randomized Complere Block Design (Factorial)
with three replications, The highest plant heights (28.67, 64.33 and 70,33 cm at 30, 60
DAS and ar harvest respectively), fresh weight plant! (16,30, 38.500 and 8400 g at 3,
60 1DAS and at harvest respectively), dry weighr plant’ (4.58, 0.92 and 14.01 g ar 30, 60
DAS and at harvest respectively), number of fAowers plant! (10.55, 6.88 and 4.25 ar
30, 60 DAS and at harvest respectively), number of pods plant!, (13.83), number of
seeds pod ! (14.77), grain yield (1376.00 kg ha') and harvest index (40.84%) were
achieve with the combination of 11Gas: Bur the highest 1000 seed weight (48.67 g) was
found from 11Geo: In case of chlorophyll content, the highest (0.7107 mg g and
0.3330 mg g at 663nm and 6457m respectively) was also obtained from TiGas
treatment. Again, in terms of Relative Water Content (RWC), the highest result

(54.12%) was obtained from LiGan

Vi



CHAPTER I

INTRODUCTION

I'he major legumes in Asia are chickpea. (Cicer arietinum L). pigeonpea (Cajanus
cajan L). and mungbean (Vigna radiate L), Mungbean is a warm season crop
requiring 90-120 days of frost free conditions [rom planting to maturity. Adequate
rainfall is required from flowering to late pod fill in order 1o ensure good vield.
Production of mung beans are worsening with the rapid expansion ol water-stressed
areas of the world (Postel, 2000). Yield of mungbean is more dependent on adequate
supply of water than on any other single environmental factor (Kramer and Bover
1997), Among the favorable characters of growing mungbean. fast growth, nitrogen
[ixation capability. soil reinforcement and prevention of soil erosion are in 1op.
Mungbean is popular as inter crop, or as mixed crop with cash crops. The rice-wheal
cropping system is practiced on 26 million ha in South and Fast Asia (Abro er al..
1097: Timsina and Connor . 2007). Including mungbean in the rice rotation system
has diversified and strengthened the cropping system. alleviated the disadvantages ol
the cerenl—cereal cropping system, and improved the productivity of the soil.
Mungbean enriches the soil and breaks the soil fatigue caused by cereal—cereal
rotations. Inclusion mungbean in a rice rotation system has increased the vield

of paddy and the income of farmers in Punjab (Weinberger.2003).

Among the pulse crops. mungbean (Vigna radiata 1..) has special importance in
intensive crop production of the country for its short growing period (Ahmed e al..
1978). In Bangladesh. mungbean ranks third in acreage and production but ranks
first in market price. Mungbean grain contains 51% carbohvdrates, 26% protein. 10%
moisture. 4% mineral and 3% vitamins (Kaul, 1982). The green plants can also be used
as animal feed and its residues have capacity to improve soil fertility thus increase the
productivity of land. It may play an important role to supplement protein in the cereal-
hased low-protein diet of the people of Bangladesh. but the acreage and production of
mungbean is steadily declining (BBS, 2005). The dry period of Kharil-l is not

1



favorable for mungbean germination. Kharil-11 period is occupied by Transplunted
Aman rice. Cultivation of high vielding varieties of wheat and winter rice have
occupied considerable land suitable for mungbean cultivation in late robi season.
Beside this. low vield potentiality of these crops is responsible for declining the area

and production.

The average yield of mungbean is 0.69 ha"' (BBS, 2005), which is very poor in
comparison to mungbean growing countries in the world. There are many reasons of
lower yield of mungbean. Fertilizer and irrigation managements arc less important in

mungbean specially in Kharit-Il season.

In Bangladesh. Kharif-l mungbean is a rainted crop. which arows on residual soil
moisture. Mungbean responses lavorably to added water resulting in higher yields.
especially when irrigation is given at the time of flowering in kharit-1 season (Miah
and Carangal, 1981). One or two irrigation is usciul to obtain higher yields. In
summier cultivation when temperature is high. relative humidity is low and evapo-
transpiration is greater. 3-4 irrigations may be needed to obtain higher vields of
mungbean (Lal and Yadav, 1981). Irrigation during flowering stage helps for
retention of lowers and pod development. Hence, the proper might have the positive

effect on maximizing seed vield in mungbean.

Gibberellic acid (GA) is known to be importantly concerned in the regulation ol plant
responses to the external environment (Chakrabarti and Mukherji. 2003). Also.
application of another plant growth bio-regulator has increased the salt tolerance ol
many crop plants (Haroun ef al.. 1991, Hoque and Hague, 2002). GA has also been
chown to alleviate the effects of salt stress on water use efficiency (Aldesuquy and

Ibrahim, 2001).

Plant growth regulators are used (o change the morphological characters in many
crops. Growth regulator NAA (Naphthalene acetic acid) may influence on the

factors. which are accelerating the morphological characters of mungbean. Yield



characters are positively or negatively related with morphological characters. There
are scopes for improving vield through changing the morphological characters by
using plant growth regulators (PGRs) and manipulation of different management
practices like irrigation. Recently, there has been global realization ol the important
role of PGRs in agriculture for better growth and vield of ¢rop. Many developed
countries like Japan. China. Poland and South Korea ete, have long been using PGRs
for improving crop yield. A large number of research works with NAA has been
carried out in many crops all over the world. But research work with GA: on
changing the morphological characters of mungbean under irrigated and non-

irrigated condition is first time in Bangladesh.

Considering the above views the present study was undertaken with the following
objectives:
a) To study the individual effect of irrigation and GAs on chlorophyll content.
relative water content. growth and yield of mungbean. and
by To find out the suitable concentration of GA; with irrigation for the best
performance regarding chlorophyll content, relative water content. growth and

vield of mungbean.



CHAPTER 1l
REVIEW OF LITERATURE

An attempt has been made in this chapter to present a brief review of rescarch in
relation to irrigation requirements and growth regulators elfects in different pulse
crops. It is an established fact that plant growth regulators are substances, which
afTect the growth and development of plants significantly (Nickell. 1982). In recent
years. many scientists are engaged to change the pattern of growth and development
of plants for long time to achieve higher yield benelil. Among different growth
regulators. GA3, naphthalene acetic acid ete. have been found to have considerable
effect on the growth, vield and vield contributing characters of different pulse crops
along with mungbean. In Bangladesh. pulse crops are generally grown with/without
irrigation. However, there is evidence that the yield of pulse can be increased
substantially by using adequate moisture. Pulses. although fix nitrogen from
atmosphere. it is evident that nitrogen application become helpful to increase the
vield. Furthermore. literature revealed that irrigation and growth regulators interact

cach other to increase pulse yield (Jain ef al., 1995). Available literatures have been
Aty

reviewed in this regard and presented below.

2.1 Effects of irrigation on munghean

Water stress reduces plant growth and yield. However, walter stress that exists at the
reproductive stage severely affects grain yield o [ mungbean more than ils occurrence
at other stages (Thomas ef al.. 2004). In addition. the time of flowering and muturity
was shortened under stress compared to well-watered conditions. Leport ef al.,
(2006) found that pod production of chickpea was more alfected by early podding

water stress than by late podding water stress.



Tolerance to abiotic stresses is very complex at the cellular levels of the whole plant
(Ashraf and Tarris. 2004). This is in part due to the complexity of interactions
hetween stress factors and various molecular, biochemical and physiological
phenomena  affecting plant growth and development (Zhu, 2001). Water stress 1s
considered principal environmental factor limiting growih and yield {Sangakkara e/

al.. 2001).

In the arid and semi-arid regions, water deficit is the main factor that limits crops
performance. Limitation of water source, irrcgular annual rainfall during growth
season and lack of sources management cause severe decreasing in crops yield al
these regions (Eack, 1996). Therefore, drought stress during growth season is an
important problem that need to attention (Khodabandeh. 2005). Using crops with

short-term growth is one of the procedures to drought tolerance in dry regions.

Mungbean is belong to fabaceae family that currently is grown in different parts of
world and it have large role in nutrition at developing countries (Dhingra et al..
1991). Due to short-term growth, nitrogen fixation capability. soil reinforcement and
prevention of soil erosion, mungbean is superior (o other plants for second culture.
Mungbean is the most common crops in most tropical and sub-tropical regions that

cultivated after harvesting o wheat and harvest before planting ol autumn crops.

[nformations is available on the time of irrigation and waler requirement ol this crop
for tropical summer climatic conditions, because of limited water resources.
particularly in the newly reclaimed land in the northern part of Egypt. mungbean crop
have grow on a diminishing supply of soil water and are often subjected o waler
stress during the post flowering period causing significant yield reductions. Despite
having a reputation lor drought avoidance, Hagqani and Ponde (1994). mungbean
vield has been shown to be responsive to irrigation De costa and Shanmugathasan
(1996). as thev indicated that the treatments which received irrigation during two or

more stages had significantly higher yield than those received irrigation during only



one stage. when at least two stage can be irrigated, irrigation during Nowering
produced the highest yield gain when only one stage could be irrigated. Sarkar (1992)

stated that irrigation is an important factor for higher production il applied at critical

physiological growth stages (flower initiation and pod formation).

Thalooth et al. (2006) carried out two field experiments at the Agrieultural
Experimental Station of National Research Centre. al Shalakan, Kalubia Governorale
during the summer seasons of 2002 and 2003 to study the effect of foliar application
of zinc. potassium or magnesium on growth, yield and yield components and some
chemical constituents of mungbean plants grown under water stress conditions
(missing one irrigation at vegetative, flowering and pod [ormation arowth stages).
The results revealed that missing one irrigation at any of the three studied stages
significantly reduced all the tested growth parameters, yield and yield components as
well as photosynthetic pigments content as compared with unstressed  plants
(control). However, subjecting mungbean plants 1o moisture stress al vegelalive stage
had the most negative effect on growth parameters. Meanwhile, stress at a pod
formation stage produced the least yield and yield components’ values, On the other
hand. water stress had a stimulating effect on proline and crude protein contents. The
present study also indicate that foliar application of Zn, K or Mg had a positive effect
on growth parameters. yield and yield components but K application surpassed the

two other nutrients.

Tawfik (2008) conducted a pot experiment to study the effect of extension of
irrigation interval (2, 5. and 10 days) on growth, vield and metabolic changes in
mungbean (Vigna radiata 1..) var. VC 1000 in addition to polassiomag application,
Generally, fresh, dry weights and vield were significantly reduced under water stress
ireatments. Treatment with K biofertilizer to some extent mitigated the effect ol
drought stress. The greatest vegelative growth was obtained for plants irrigated every
two days and treated with potassiomag, while the greatesl seed vield was obtained for

plants irrigated every five days and treated with potassiomag. Osmoprotectants such

6



as total soluble sugars. proline and glyeine betaine increased in plants subjected Lo
water stress. It could be concluded, that to maximize mungbean yield, irrigation
should be extended through all phenological stages. specially the flowering and the

pod-hilling stages.

Asaduzzaman et al. (2008) conducted an experiment at the experiment feld of the
Department  of  Agronomy. Sher-e-Bangla Agricultural  University:  Dhaka,
Bangladesh 1o evaluate the effect of nitrogen and irrigation managements on dry
matter accumulation and vield of mungbean (Vigna radiata 1..) ¢v. BARI mung-3
during the period from March to May 2006. The trial comprised of ten treatments
such as T1=No fertilizer and irrigation (control), T:=20 kg N ha'! as basal. T:=20 kg
N ha-! as basal + one irrigation at flower initiation stage. T4=30 kg N ha™! as basal,
Ts=30 ke N ha' as basal + one irrigation at [flower initiation stage. Ts=40 kg N
ha'! as basal. T7=40 kg N ha™' as basal + one irrigation at [Tower initiation stage.
Ts= 10 kg N ha' as basal and 10 kg N ha'' as split tone irrigation at first flowering
stage. To= 15 kg N ha' as basal and 15 ke N ha'! as split +one irrigation at flower
initiation stage and Ti= 20 kg N ha! as basal and 20 kg N ha' as split +one
irrigation at flower initiation  stage. Irrespective of treatment  differences  the
mungbean plant as a  pulse  crop showed o lag phase for slow dry matter
production in early growth stage (up to 40 DAS) that increase up to harvest,
Application of 30 kg N ha'' as basal with one irrigation at flower initiation stage (35
DAS) significantly improved dry matter accumulation. This greater dry matier
production eventually partitioned to pods per plant, seeds per plant and 1000-seed
weight which is get her resulted with maximum seed vield per plant (5.53 g) or per
hectare (1.65 ). A functional positive relationship was observed in with pods per

plant and sceds per plant.,

Some experiments show that mungbean contrary 1o popular beliel, cannot tolerate
drought stress (Rfiei shirvan and Asgharipur. 2009) but there are little reports about
negative effects ol drought stress on yield and physiological characteristics ol

7



mungbean, Therefore, this experiment was carried out with aim of understanding the
effect of drought stress during vegetative and reproductive stages on some

physiological traits, vield and yicld components ol mungbean.

Allahmoradi er al. (2011) carried out a field experiment as randomized complete
block design with three treatments and three replications in order © investigation of
resistance of mungbean and its physiological responses to drought stress.. This
research was done at agriculture faculty. Razi university of’ Kermanshah, Iran. Water
ireatments were control (no drought stress) (Si1). drought stress during vegetative
arowth stage (S2) and drought stress during reproductive growth stage (S3). Results
showed that there was no sienificant difference between control and drought stress
during reproductive growth stage about yield and yield components, but drought
stress during vegetative growth stage decreascd significantly vield and vield
components. Study ol chlorophyll fluorescence showed a significant difference
between S» treatment with S; and Sz treatments on Perlormance Index (Pl). Also.
maximum quantum cfficiency of photosystem I (Fv/Fm) in Sy and S3 treatments had
regular process. but in Sz treatment was oul of regular process. However. these
results obtained while that difference between each three treatments about Relative

Water Content (RWC) was signilicant.

Runawake ef al. (2011) carried out a pot experiment at Faculty ol Agriculture,
University of Ruhuna. Mapalana, Sri Lanka. The present reveals the response of
Mungbean for the water stress at three dillerent growth stages: three weeks aller
planting (3 WAP), six weeks after planting (6 WAP) and eight weeks alter planting
(& WAP). Plant height, number of leaves, number of floral buds dry matter weight of
shoot system. number of lateral roots. length of tap root, number of root nodules. and
dry matter weight ol rool system were measured after one week recovery period in
stressed plants at three different growth stages and in relevant control plants. Water
stress significantly affects on each measured parameter at 6 WAP when the flowering

and pod filling stage of mungbean and only number of leaves was signilicantly
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affected at the 8 WAP. Further. all the mensured parameters were significantly
affected at 3 WAP under drought stress other than length of tap root and number of
nodules per plant. Number of floral buds and number of pods were nat affected by
the drought stress at 8§ WAP though there is no economical value ol these characters

as the pod filling efficiency is low in mungbean under drought stress,

Ibrahim and Al- Bassvuni (2012) conducted two field experiments at AL-Azhar
Farm. faculty ol Agriculture Assiut Branch. Egypt in 2009 and 2011 seasons 1o study
the effect of irrigation intervals. phosphorus and potassium  fertilization on
productivity and chemical content of mungbean (Vigna radiata L. wilczek) cv.
Kawmy-1. Results showed that Increasing period between irrigations from 10 1o 20
days caused irrigation intervals significantly decreased for plant height at harvest
number of branches per plant, number of pods per plant, yield of pads per plant,
vield of seeds per plant and yield of seeds per pod. in both scasons and number of
seeds per pod in the second season only. also potassium % in the two seasons and
phosphorus % in the second season only, while protein % increased by irrigation
intervals. On the other hand inercasing the rates of phosphorus and potassium up 10
(30 kg P20s + 36 kg K>O / fed.). Led to significant increase in vield and yield
components and chemical constituents compared with the other treatments in both
seasons. Interaction between irrigation intervals. phosphorus and potassium rates
were significant for number of pods per plant. number of seeds per pod. protein

percentage and potassium percentage in the first season.



2.2 Effect of growth regulators

Kelaiya er al., (1991) conducted an experiment with four growth regulators, such as,
CCC (chlormequat), NAA. GAs. and wiacontanol and spraved at 25, 50 and 75 days
after sowing (DAS) on groundnut. In that experiment. they abserved that where NAA
was found to be most effective one in increasing the plant height. Application ol 10
or 20 ppm planofix (NAA) on groundnut cv. DI3-30 increased the dry matier
production when compared to the untreated control (Nawalagatti et al, 1991}
Kelaiva er al. (1991) also stated that spraying with 40 ppm of NAA and GA;z on

oroundnut ev. GG2 inereased 1000 seed weight,

[akshmamma and Rao (1996) conducted a field experiment during the rabi season al
Rajendranagar. Andhra Pradesh. Blackgram was sprayed with 0, 5. 10 or 20 ppm
NAA and/or GA at 50% flowering stage. They found that application ol NAA
increased plant height of blackgram. They also found that blackgram when sprayed
with 20 ppm of NAA at 30 % Howering stage decreased flower drop and increased

seed vield.

Singh et al. (1982) conducted an experiment on groundnut 1o determine the effect of
NAA. They observed that two foliar spray of 100-ppm planofix (NAA) to groundnul

at 40 and 50 days after sowing increased the number of leaves per plant.

Das and Prasad (2003) conducted a study on sandy clay loam soil in New Delhi.
India. during summer 1999. The treatments comprised of three mungbean cultivars -
and two levels of GAz (20 and 40 ppm). GA;z sprayed at 30 days alter sowing and at
flowering stages and both the concentrations of GAs significantly increased the

number of leaves, total dry matter production, number of flowers, number of pods per

"'\
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plant. pod length, number of seeds per pod, 1000 grain weight and grain yield ol

summer Hlll]!ghL‘ﬂH.

Lee (1990) found that soaking of groundnut seeds in solutions of 0, 50, and 100 ppm
of GA; before sowing produced plants with greater number of flowers than those of

the control,

Upadhyay (1994) conducted a field experiment at Faizabad, Uttar Pradesh. Chickpea
ev. K-850 was treated with 10, 20 or 30 ppm ol GAz at bud initiation and pod
formation stages. It was reported that growth regulator increased the number ol
Mowers, Seed yield was generally increased by the growth regulator and it was

highest with 20 ppm.

Sharma er al. (1989) conducted a field trial with foliar applications of GA3
anthesis and 10 days later on mungbean. Results revealed that the NAA application
increased the number of pods per plant, the number of seeds per pod. 1000 seed
weight and seed yield. Kalita er al. (1993) also reported that the regulatory effect of

GA3 on number of pod of mungbean.

Subbian and Chamy (1982) mentioned that two foliar sprays ol 40-ppm planofix
(NNA) when applied to summer mungbean at the flower initiation stage and 15 days

later significantly increased the seed yield.

Bai ef al. (1987) investigated the effect of growth regulators (NAA and GaA) on the
vield performance of mungbean. They found that 25 ppm of NAA and 50 ppm of GA

increased the yield of mungbean when compared with control,

Jaiswal and Bhambil (1989) conducted a field experiment to determine the effect of
growth regulators on mungbean. It was observed that GAz and NAA resulted in the

reduction of vield and yield components.
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Islam (2010) carried out a study in the Department of Crop Botany. Bangladesh
Agricultural University. Mymensingh, Bangladesh during 2005 o investigate the
elfect of GABA (a mixture of GAx and ABA) on morphological characters. yield and
vield attributes of black gram. Four levels of GABA (0.25. (.50, 1.0 and 2.0 mg/l)
alongwith a control (fresh water) were studied in 2 randomized complete block
design with four replications. The results revealed that GABA @ 1.0 mg/l
significantly increased the plant height, number of branches per plant. number of
leaves per plant. total chlorophyll content. number of pods per plant, pod length.
number of sceds per pod and seed yield. The total chlorophyll content was higher at
1.0 mg GABA concentration. Among different concentrations GABA @ 1.0 mg
performed better for yield and yield contributing characters, It gave the highest seed

vield (1.50 t/ha) against the lowest (1.3 Vha) from control.
2.3 Interaction effect of irrigation and growth regulators

Akbari et al. (2008) carried out an experiment 1o study the effect of gibberellic acid
on agronomic traits of green gram (Vigna radiata L, Wilczek) irrigated with different
levels of saline water. Salt concentration of water for treated were 0. 50. 100 and 150
mM NaCl and 200 mg L' gibberellic acid (100 mg I as seed pre-soaking and 100
me L' as [oliar application) were used. Each treatment previously soaked in 100 mg
1= GAs solution, spraved with solution of 100 mg L' GA: at the stage of four leat
plant (14 day after emergence) as foliar application, Experimentation results showed
that irrigation with saline water at levels of 50. 100 and 150 mM NaCl had
progressive decrease of growth parameters. Different levels of saline water were
reduced root and shoot lengths and dry weights of shoot and roots. The highest seed
yvield (13 g/plant) related to treated number 5 (0 mM NaCl + (100 mg L as seed pre-
soaking + 100 mg L' as foliar application of gibberellic acid) and followed by
control (0 mM NaCl + 0 mg L' gibberellic acid) (12 o/plant) which were

significantly differed Irom other's. Number of pods per plant was significantly
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affected by GA: application and maximum biological vield (total dry matter) wis

recorded by treated number 3 (40,1 g/plant).

Shohag ef al. (2008) conducted a study with mungbean (Vigna radiata L.) during the
period from February 1o May. 2007 to investigate the effect of two levels of irrigation
(Irrigated and non-irrigated) and five concentrations of growth regulator (0, 50. 100,
150 and 200 ppm NAA) on morphological parameters Viz.. plant height. root length,
sumber of branches plant™. number ol leaves plant!. Irrigation showed signilicant
effect on all these parameters except some genetically regulated characters. Among
the concentrations of growth regulator, 200 ppm NAA showed remarkable results on
almost all these parameters. The interactions between irrigation and PGR showed
better performance in most cases. The results revealed that NAA might be used under

irrigated condition for better performance on morphological characters of m ungbean,
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CHAPTER I
MATERIALS AND METHODS

In this chapter. the details of dilferent materials used and methodology lollowed

during the experimental period are deseribed.

3.1 Experimental site

The research work was carried out at the farm of Sher-c- Bangla Agricultural
Universily. Dhaka during the period from February 2012 to March 2012. The ficld
was located at the southeast part of the imain academic building. The soil of the

experimental plots belonged to the agro ecological zone Madhupur Fract (AEZ-28).
3.2 Soail

A soil sample from 0 - 15 cm depth was collected from experimental field. The

physio-chemical properties of the soil are presented in Appendix 1.

3.3 Climate

The experimental area is under the subtropical climate. Usually the rainfall was
heavy during kharif season and scanty in Rabi season. The atmospheric lemperatures
inereased as the growing period proceeded i kharil season. The weather conditions
of crop growth period such as monthly mean rainfall (mm), mean temperature ("C).

sunshine hours and humidity (%) are presented in Appendix 2.

3.4 Planting material

The variety of mungbean used lor the present study was BARI mung-3. The seeds of
this variety were collected from the Pulse Research Centre ol Bangladesh
Agricultural Research Institute (BARIL), Gazipur. Before sowing. the secds werc
tested for germination in the laboratory and the percentage ol germination was found

1o be over 90%. The important characteristics of these varieties are mentioned below!
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BARI mung-3

Plants are of average 50 - 35 em height. [eaves are darker green. I the variety is

moderately resistant 1o cercospord leal spot and yellow mosaic virus. Maximum pod

yield is 1.2 - 1.3 ton per ha. Seeds contain 19 - 253% protein.

3.5 Land preparation

The land was first opened with the tractor drawn disc plough. Ploughed soil was then

brought into desirable fine tilth by 4 operations of ploughing and harrowing with

countrv plough and ladder. The stubble and weeds were removed. The Lirst ploughing

and the final land preparation were done on 20 March and 27 March 2012,

respectively. Experimental land was divided into unit plots following the design ol

experiment. The plots were spaded one day before planting and the basal dose ol

lertilizers was incorporated thoroughly before planting.

3.6 Fertilizer application

Urea, triple super phosphate (TSP) and muriate of potash (MOP) were used as source

of nitrogen, phosphorus and potassium, respectively. Urea. were applicd at the rate of

45. 100 and 58 ke ha™'. respectively (Afzal eral., 1998)

3.7 Treatments of the experiment
[he experiment was two factorials with two levels of irrigation and five levels of

G,

Factor A: Irrigation levels

The following irrigation levels were imposed in the experiment;

1o - No irrigation (control)
L - Iprigation at first Towering
stages al 35 DAS
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Factor B : Growth regulater levels ol GAs

The following GAj; levels were imposed in the experiment

Ciy . (0 ppm (No GA3)
G . 20 ppm GA3
Guao : 40 ppm GA3
Gao 60 ppm GAs
Ciso o B0 ppm UAs

Combining two factors, 10 treatments combination were obtained:

LoGin 11Go
LoGan LG
LoGrao 1iCran
loGian 11 G
1oGao 11 Gig

3.8 Experimental design and lay out

The experiment was laid out in a Randomized Complete Block Design (lactorial).
Fuch treatment was replicated three times, The size of a unit plot was 3 m * 2 m. | he
distance between two adjacent replications (block) was Im and row-to-row distance
was 0.5 m. The inter block and inter row spaces Were used as footpath and irrigation/

drainage channels.

3.9 Germination test

Germination test was performed hefore sowing the seceds in the licld using
petridishes. Three layers ol filter paper were placed on petridishes and the filter

papers  were softened with water. Seeds were distributed at random in four
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petridishes.  Each petridish  contained 100 seeds. Germinalion  percentage  was

calculated by using the following formula:

Number of normal seedlings
Germination(%s) = — =100
Number ol seeds set [or germination

3.10 Sowing of seeds in the field

The seeds of mungbean were SOWn in rows made by hand plough on March 29, 2012,
The seeds were sown in solid rows in the furrows having a depth of 2-3 em from the

soil surface. Row to row distance was 30 em.
3.11 Intercultural operations

3.11.1 Irrigation and weeding
Irrigation water was applicd as per treatments. The crop field was weeded twice: [irsi
weeding was done at 25 DAS (days after sowing) and second weeding al 40 DAS.

Demarcation boundaries and drainage channels were also kept weed free.

3.11.2 Protection against insect and pest

At early stage of growth, few worms (Agrotis ipsilon) and virus veetors (Jassid)
attacked the young plants. To control these pests. Diazinon 30 EC was sprayed by

mixing Iml diazinon per liter water.

3.12 Preparation and application of GA3

The GA; solution of 20, 40. 60 and 80 ppm concentrations were prepared by
dissolving 20, 40, 60 and 80 mg of GAs in | litre of distilled water respectively. 1o
dissolve GA;. little drops of 1% NaOH solution was used and thereafier volume was

made by distilled water. GAz was applied in the form of fine foliar sprays. Ihe
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spraying was done at 25 DAS with the help ol a hand sprayer until all leaves were

completely covered.

3.13 Crop sampling and data collection

The first erop saumpling was done at 30 DAS and it was continued at an interval ol 30
days. At each harvest, five plants were selocted randomly from each plot. The
selected plants of each plot were cul carefully at the soil surfuce level, The heights.
Nowers and pods were recorded separately. The components were ovel dried at 60"C
for 72 hours to record constant dry weights, Total dry matter was determined by

recording the dry weight of each portion of the plants.

3.14 Harvest and post harvest operations

Harvesting was done when 90% of the pods became brown to black in color. The
matured pods were collected by hand picking from a pre demarcated area of 1 m*al
the centre of each plot, After harvesting. the samples were sun dried.

3.15 Data collection

The data on the following parameters of five plants were recorded at each harvest.

1) Days o emergence

Bl
_3?.}3 4 &
o

2) Plant height (em)

3) Total dry matter production per plant (g) 1 ;eraw 4 )
4) Number ol [Towers per plants W\ 2y
31 Number of pods per plants \“ua:f__:)’/

6) Number of seeds per pod
71 1000- seed weight

%) Seed yield (kg ha )

9} Harvest index (%)
10)Biochemical constituents

iy Total chlorophyll content



i) Relative water content (RWC)

3.16 Procedure of data collection
he following procedures were taken for measuring data from crop field:

3.16.1 Plant height

The heights of five plants were measured with a meter scale from the eround level to
the top of the plants and the mean height was expressed in em.

3.16.2 Total dry matter production per plant

The different parts from 5 randomly selected plants were separated. then dried in
oven and weight was taken carefully. The sum of the plant parts constituted the Lotal
dry matter ol a single plant afier calculating average value.

3.16.3 Number of flowers per plant

Number of total Nowers of five plants: from each plot was counted and the number
was expressed per plant basis,

3.16.4 Number of pods per plant

Number of total pods ol five plants from cach plot was counted and the number was
expressed per plant basis

1.16.5 Numbers of seeds per pod

The number of grain in cach pod was also recorded from ten randomly selected pods

at the harvest.
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3.16.6 Weight of 1000 sceds

One thousand cleaned dried seeds were counted randomly from each harvest sample
and weighed by using a digital electric balance and the weight was expressed in

gram.
3.16.7 Seed yield (t ha™')

Weight of seed of the pre- demarcated area (1 m?) at the centre of cach plot was taken

and then converted to t ha',

3.16.8 Harvest index (%)

The harvest index was calculated on the ratio of grain yield to biological vield and
expressed in terms ol percentage. It was calculated by using the following formula

(Donald and Hamblim. 1976).

Grain yield
Harvest index = < 100
Biological yield

3.16.9 Biochemical constituents
3.16.9.1 Total chlorophyll content

Chlorophyll content was determined at 40 DAE from the leal samples using the

methods of  Wake black. (1985).
Reagent: Acetone (80%0)

Procedure: The fresh leaf samples of 0.05g were taken in small vials containing 10
ml of 0% acetone and covered by alluminium foil and preserved in the dark for 72
hours. Then reading was taken at 663 nm and 645 nm wave lengths by o
spectrophotometer (Systronies UV-VIS 118), and the result was expressed as mg ot

[resh weight (Fw).

The formula for computing chlorophyll a. b and total chlorophy !l were-
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Chlorophyll a = { 13.19 Agsz — 237 Asas) = DF

Chlorophyll b = (22.10 Asss — 2.57 Asea) * DF

Total chlorophyll = (7.93 Agss + 19.53 Asas) * DF
Where,

Aces = Absorbance at 663 nm wave lengths
Agis = Absorbance at 643 nm wave lengths

7.93.19.53. 13.19, 2.57.22.10 and 5.26 are absorption co-etlicient

1]

DE = Dilution Factor = =(].2

1004 = (.05

3.16.9.2 Relative water content

Relative water content was estimated according to the method of Castillo (1996) and
caleulated in the leaves for each treatment. Samples (0.5 g) were saturated in 100 ml
distilled water for 48 h at 4°C in the dark and their turgid weights were recorded.
Then were oven-dried at 65°C for 48 h and their dry weights were recorded.

RWC was calculated as follows:

RWC (%) = [(FW = DW) / (TW - DW)] = 100,
Where.

W = Fresh weight

DW = Drv weight

TW = Turgid weight

3.17 Analysis of data

The data collected on dillerent parameters were statistically analyzed 1o obtain the
level of significance using the MSTA T-compulter package program developed by
Russel (1986). 3% level of significance (Gomez and Gomez. 1984) was used 0
compare the mean differences among the treatments. The analysis of variance of the

data on different parameters has been presented in (Appendix 3).
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CHAPTER IV

RESULTS AND DISCUSSION

Present experiment was conducted with different levels of irrigation and growth

regulator (GA3) 1o study their offects on summer mungbean. The results regarding
the effect of irrigation and GAz and their interactions on chlorophyll content. relative

water content and yield of mungbean are presented and discussed in this chapter.
4.1.1 Plant height

Results of plant height have been presented in Table 1. It is seen that plant height was
significantly influenced by different levels of irrigation, GA; and their interaction.
Results showed that the highest plant height (25.07. 56.33 and 65.00 em at 30, 60
DAS and at harvest respectively) was achieved from 1) at all growth stages where the
lowest plant height (22.73, 52.67 and 62.66 cm al 30. 60 DAS and at harvest
respectively) was achicved from lo at all growth stages. These findings are

conformity with the findings of Ibrahim and Al- Bassyuni (2012)

In terms of GA: application, it was observed that the highest plant height (27.33,
60.00. and 68.83 cm at 30. 60 DAS and at harvest respectively) was obtained [rom
Gioo which was statistically identical with Gao at 30 and 60 DAS where the lowesl
plant height (20.00, 49 50 and 57.83 em at 30, 60 DAS and at harvest respectively)
was achieve from Ggp at all growth stages (Table 1). The results ohtained from Goo
and Guo showed intermediate level of plant height at all growth stages compared 1o
highest and lowest plant height. The results obtained from the present study on plant

height was similar with Kelaiva er al. (1991) and Islam (2010).

Interaction effect of irrigation and GAgo application had significant effect on plant
height at all growth stages. Results were presented that the highest plant height
(28.67. 64.33 and 70.33 cm at 30. 60 DAS and at harvest respectively) was found

from 1;Geo which was closely followed by 1,Gap and 1:Gag at 30 DAS. On the other
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hand the lowest plant height (49.67 and 5

1oGoat 60 DAS and at harvest respectively.

Table 1: Effect on plant height with irrigation, growth

9.00 em respectively) was obtained [rom

regulator and their interaction

on chlorophyll content. water relation and vield of mungbean

[ Treatments

Plant height (cm)

I |30 DAS | 60 DAS | At harvest
Effect of irrigation _
lo 2273 b 52.67b | 62.67b
0l 25.07 a 56.33 a 65.00 a |
LSDu.is 1.264 12.183 | 1.856 |
Effect of growth regulator =1
G 130.67 ¢ 5233 b 62.50 ¢ _‘
Gao 35.00 b 5283 b 63.00 b
Gao 36.50 a 5783 a 63.00 b ‘
- Gao 3733 a 60.00 a H8.83
| Gso 30.00 ¢ 49.50 ¢ 57.83 1
LSDaos 1.272 2172 A
Interaction effect of irrigation and arowth regulator
loGo 19.67 ¢ 52.33 ef | 6133
 10Gao 22,67 ¢ 51.00 fg | 63.67
| 10Gao 2567 b 55.00 cd 64.33
'| T0Gio 26.00 b 55.67 ¢ 67.33
10Gso 19.67 ¢ 4933 g 56.67
11Gig 21.67 «<d 53.33 de 63.67 d B
11Gao 27.33 ab 53.67 de 66.33 b f]
1 G 27.33 ab 60.67 b 63.67 hc
11Gey 28.67 a 64.33 a | 70.33 a
11 Gso 20.33 de 49.67 g | 59.00 I
| L.SDh.os 1.809 1.881 1.718
CV(%) 6.842 7.984 | 8.466
lp, = Noirrigation Go = 0ppm (No GA3)
I, = Irrigation at first G 20 ppm GA3
flowering stage Gao 40 ppm GAxy
Gen = 00 ppm GA;
Ggop = 80 ppm GAa
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4.1.3 Fresh weight plant!

Results of fresh weight (g) have been presented in Table 2. From result we can say
that fresh weight plant”! was significantly influenced by different levels of irrigation.
GA;and their interaction, Results showed that the highest fresh weight plant™ (13.10,
33.75 and 72.20 g at 30, 60 DAS and at harvest. respectively) was achieved from 1y at
all growth stages where the lowest fresh weight plant' (10.51. 26.97 and 63.70 g at
30. 60 DAS and at harvest respectively) was achieved from I at all growth stages.

Qimilar result was found by Tawlik (2008).

In terms of GAjz application, it was observed that the highest fresh weight plant”’
(15.08. 37.00. and 80.25 g at 30, 60 DAS and at harvest respectively) was obtained
from Gey where the lowest fresh weight plant”! (7.53, 22.38 and 36.00 g at 30, 60
DAS and at harvest respectively) was achieve from Go at all growth stages (Table 2).
The results obtained from Gag and Gso showed intermediate level of fresh weight

plant™ at all growth stages compared to highest and lowest fresh weight plant™".

Interaction effect of irrigation and GAs: application had significant effect on [resh
weight plant! at all growth stages. Results were presented in Table 2 shows that the
highest fresh weight plant” (16.30, 38.50 and 84.00 g at 30, 60 DAS and at harvest,
respectively) was found from 1,Gea which was significantly different from all other
treatments. On the other hand the lowest fresh weight plant! (6.64, 19.50 and 54.33 g
respectively) was obtained from 1oGo at 30, 60 DAS and at harvest respectively which
was closely followed by 1iGao at 40 DAS. The treatment combinations of 11Gao and
14Geo also showed comparatively higher fresh weight plant” at all growth stages hut
significantly different from all other treatments. Again, LGy and loGao showed
comparatively lower lresh weight plant! at all growth stages compared o highest
fresh weight plant’. The results obtained from all other treatment combinations

showed intermediate level of fresh weight plant at all growth stages.
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Tuble 2: Effect of irrigation. growth regulator and their interaction on fresh weight

plant' of mungbean

| Treatments

Fresh weight plant' (g)

30 DAS | 60 DAS | At harvest
| Effect of irrigation
| I [ 1051 b 26.97 b 63.70 b
i 13.10 a 33.75a 72.20 4
LSDyos 1.364 2.685 3.119
Effect of growth regulator
Go 7.53 d [22.38 d [56.00 ¢
G 11.57 ¢ [30.23 ¢ | 68.00 ¢
_  Gao 13.52 b 31.78 b 70,50 b
“_:L Gan 15.08 a 37.00 a 80.25 a
t- G 1131 ¢ 3043 ¢ 65.00 d
ot LSDuos .4357 0.7062 | 1.326
i Fﬁﬂemc;fan effect of irrigation and growth regulator
LoGig 6.640 h 19.50 h 5433 i
10Gao 0.840 [ 25.63 Ig 61.67 g
- loGao 11,85 e 2650 T 62.00 g
2 10Goo 13.87 be 35.50 ¢ 76.50 ¢
N 1oGiso 1033 [ 27.70 ¢ 64.00 [
 1Go 8417 ¢ 2527 g 57.67 h
11Gag | 13.30 cd 34.83 ¢ 7433 d
11Gag 15.18 ab 37.00 b 79.00 b
| TG 16.30 a 38.50 a 84.00 a
| LGy 12.29 de 13317 d 66.00 ¢
t_I_SDu_ﬂs 1.356 0.9536 1.871
| CV(%) 8278 7.669 | 8.154
Iy Mo irrigation Gy = Uppm(No GA3)
I}, = lrrigation at firsl Gz = 20 ppm GA:
flowering stage Gsp = 40 ppm GA3
Gin = 60 ppm GA3
Gsa = 80 ppm GA3
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4.1.4 Dry weight plant™

Dry weight (g) plant™ has been presented in Table 3 to observe significance level
regarding the present study. It was seen that dry weight plant” was significantly
influenced by different levels of irrigation. GA3 and their interaction. Results showed
that the highest dry weight plant! (3.70, 8,72 and 12.08 g al 30. 60 DAS and al
harvest respectively) was achicved from 1, at all growth stages where the lowest dry
weight plant! (2.98, 6.96 and 10.63 g at 30, 60 DAS and at harvest respectively) was
achieved from lg at all growth stages. Similar result was found by Tawfik (2008),

Asaduzzaman et al. (2008) and Ranawake ef al. (2011).

In terins of GAs application. it was observed that the highest dry weight plant™ (4.26.
9.54 and 13.39 g at 30, 60 DAS and at harvesi respectively) was obtained from Geo
where the lowest dry weight plant” (2.14, 5.79 and 9.38 g al 30, 60 DAS and at
harvest respectively) was achieved from G at all growth stages (Table 3). The results
obtained from Gao and Gso showed intermediate level of dry weight plant” at all
arowth stages compared 1o highest and lowest result. The results obtained from the
present was conformity with the findings of Kelaiya et al. (1991) and Das and Prasad

(2003).

lnteraction elfect of irrigation and GA: application had significant effect on dry
weight at all growth stages. Results were presented in Table 4 that the highest dry
weight plant! (4.58, 9.92 and 14.01 g at 30, 60 DAS and at harvest respectively) was
found from 11Geo which was significantly different from all other treatments. On the
othier hand the lowest dry weight plant' (1.89, 5.01 and 9.08 g respectively) was
obtained from 1oGa at30, 60 DAS and at harvesl respectively which was also
significantly different from all other treatments. The treatment combinations ol 11Gan.
1,Ga and 1oGeo also showed comparatively higher dry weight plant at all growth
stages but significantly different from all other treatments. Again, 11Go and l0Gao and

16Gan showed comparatively lower dry weight plant! at all growth stages compared
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to highest dry weight plant'. The results obtained from all other treatment

combinations showed intermediate level of dry weight plant™ at all growth stages.
ry ght p g g

Similar results were found from the findings of Akbari et al. (2008).

Table 3: Effect of irrigation, growth regulator and their interaction on dry weight

plant”! of mungbean

Treatments Dry weight plant” (g)
: 30 DAS | 60 DAS - At harvest
Effect of irrigation _ ]
o 208 b [6.96 b 110.63 b
[ 3.70 a 8.72a [ 12.08a i
LSDao.os 0.814 1.389 | 1.624 B
Effect of growth regulator
| Go [2.14 d 5.79 d 9.38 ¢
| Gao 327 ¢ 778 ¢ 11.39 ¢
G 38l b 8.22 b 11.75 b )
Gan 4.26 a 9.54 a 13.39 a
Grso 32] ¢ 7.88 ¢ 10.88 d
LSDogs 1 0:1213 0.1758 - 10,1840 i
| hueraction effect of irrigation and growth regulator I
LuGg 1.89 ¢ 501 h 9.08 i
 10Gao 279 ¢ 6.60 g 10.30 g
| loGiao 333 d 6.86 1 10.28 g
| ToGo 3.94 ¢ 9.15 ¢ 12.77 ¢ |
oGy 293 ¢ 7.16 ¢ 10.73
141G 238 1 0.56 g 9.667 h )
1 Gag 376 ¢ 897 ¢ 1247 d
11 Gao 429 b 9.57 b 11323 b
LG 4,58 a 1992 a 14.01 a
11Gso 349 d 8.60 d 11.02 e
LSDy.us (.1879 0.2486 0.2602 ]
| CV(%) 5.358 7468 7442
lo = Noirrigation Gy = 0ppm(NoGAz)
I, = lrrigation at first G = 20ppm GA;
flowering stage Gy = 40 ppm GAs
Gen = 60 ppm GAs
Gsy = 80 ppm GAs
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4.1.5 Number of flowers plant™

Number of flowers plant”! has been presented in Table 4 1o observe significance level
regarding the present study. It was seen that number of flowers plant’ was
significantly influenced by different levels of irrigation, GA;z and their interaction.
Results showed that the highest number of flowers plant”! (8.22, 4.88 and 2.96 at 30,
60 and 80 DAS respectively) was achieved from I, at all growth stages where the
lowest number of flowers plant”! (7.04, 3.96 and 2.43 at 30, 60 and 80 DAS
respectively) was achieved from loat all growth stages. Similar results were observed
from the findings of Sarkar (1992), Thalooth et al. (2006) and Ranawake et al.

(2011).

In terms of GAj application. it was observed that the highest number of flowers plant”
| (9.44. 5.62. and 3.69 at 30, 60 and 80 DAS respectively) was obtained from Gep
where the lowest number of flowers plant? (5.89, 3.45 and 1.61 al 30. 60 and 80
DAS respectively) was achieve from Go at all orowth stages (Table 4). The results
obtained from Gao showed intermediate level of number of Howers plant™ at all
growth stages compared to highest and lowest number of flowers plant’', Similar
results were also abserved from the findings of Arora ef al. (1998), Das and Prasad

(2003), |akshmamma and Rao ( 1996) and Upadhyay (1994).

Interaction effect of irrigation and GAjz application had significant effect on number
of flowers plant™ at all growth stages. Results were presented in Table 4 that the
highest number of flowers plant! (10.55, 6.88 and 4.28 at 30. 60 and 80 IXAS
respectively) was found from 1iGeo which was significantly different from all other
treatntents. The treatment combinations of  ToGe. I0Ga and  11Gao  showed

comparatively higher number ol [lowers plant™' at all growth stages.

On the other hand the lowest number of [Towers plant™! (5.77. 3.40 and 1.55 at 30. 60
and 80 DAS respectively) was obtained from lyGo which was also signilicantly

different from all other treatments. The treatment combinations of LoGag and 11Ga
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showed comparatively lower number of flowers plant™ at all growth stages compared

to highest number of Howers plant”', The results obtained from all other treatment

combinations showed intermediate level of number of flowers plant™ at all growth

stages.

Table 4: Effect on number of flowers plant™! with irrigation. growth regulator and their

interaction on chlorophyll content, water relation and yield of mun gbean

| Treatments [ Number of flowers plant” ]
|45 30 DAS | 60 DAS | 80 DAS
Effect of irrigation |
il 7.04 b 1396 b |243b
L 822a 488 a 2.96a |
LSDg.os 0.848 0.561 (0.142
Effect of growth regulator ol
Gio 5.89 d 345¢ [ 1.61d el
Gizo 733 ¢ 3.93d 2.3%9 ¢ — ]I
 Ga 8.40 b 498 b 3.27b
Giso 9.44 a 5.62a 3.69a
G 7.10 ¢ 4.13 ¢ 2.53.&
LSDo.us (0.648 (0.488 (.266
Interaction effect of irrigation and growth regulator
10Go 597 ¢ 3.40d
oGoo | 6.55¢ 3.66d
ToGan 1 7.55d 4.22 ¢
TG 3.32¢ 435¢
1oGso 6.99 d 4.15¢
G 6.00 e 349d
1Gao 8.10 ¢ 420 ¢
G 9.24 b 5.74b
11 Geo 10.55 a 6.88 a
11 Cigo 721d 4.10¢
I__LSDﬂ_Hﬁ ().8406 0.562
| CV(%) | 6.384 8.366
lo. = Noirrigation Go = 0ppm (No GAz)
l;, = [lrrigation at first Ga = 20 ppm GAz
flowering stage G 40 ppm GAs
Giso 60 ppm GA;
Gaso 80 ppm GAG
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4.2 Yicld and yield contributing parameters

4.2.1 Number of pods plant’!

Results on number of pods plant”! has been presented in Table 5 regarding the present
study. It is seen that number of pods plant” was significantly influenced by different
levels of irrigation, GAs and their interaction. Results showed that the highest number
of pods plant’ (11.03) was achieved from Iy where the lowest number of pods plant™
(9.67) was achieved from lg at the time of harvest. Surkar (1992). Leport er al..
(2006) and Thalooth et al. (2006) also showed similar results regarding irrigation on

mungbean.

In terms of GAz application, it was observed that the highest number of pods plant”
(12.33) was obtained from Geo which was significantly different from all other
reatments where the lowest number of pods plant! (7.583) was achieved from Go
which was also significantly different from all other treatments (Table 5). The results
obtained from Gao. Gao and Ggo showed intermediate level for number of pods plant”!
compared to highest and lowest number of pods plant”’, Similar findings also found

by Das and Prasad (2003), Upadhyay ( 1994) and Sharma et a/, (1989).

Interaction elfect of irrigation and GAj application had significant effect on number
of pods plant’. Results were presented in Table 3 show that the highest number of
pods plant™! (13.83) was found from 1,Geo which was significantly different from all
other treatments. On the other hand the lowest number of pods plant’! (7.33) was
obtained from loGo which was statistically identical with [Go. The results obtained
from 11Ga. 11Ga and ¢Gy showed comparatively higher results where ToGao and [oGag
showed comparatively lower number of pods plant compared to highest and lowest
result of number of pods plant’!, Similar results also found from the findings of

Akbari ef al. (2008).
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4.2.2 Number of seeds pod™'

Results on number of seeds pod™' has been presented in Table 5 regarding the present
study. It is seen that number of seeds pod! was significantly influenced by different
levels of irrigation. GAs and their interaction. Results showed that the highest number
of seeds pod™! (11.67) was achieved from Iy where the lowest number of seeds pod™
(10.51) was achieved from Iy at the time of harvest. Similar result was found by

Ibrahim and Al- Bassyuni (2012).

In terms of GAs application, it was observed that the highest number of seeds pod!
(13.37) was obtained from Gs which was significantly different from all other
treatments where the lowest number of seeds pod” (8.83) was achieved from Gy
which was also significantly different from all other treatments (Table 5). The results
obtained from Gao. Gao and Gso showed intermediate level for number of seeds pod™!
compared to highest and lowest number ol seeds pod™'. Similar resulls was also found

by Das and Prasad (2003).

Interaction effect of irrigation and GAs application had significant effect on number
of seeds pod'. Results were presented in table 5 show that the highest number of
seeds pod” (14.77) was found from 11Gen which was significantly different from all
other treatments. On the other hand the lowest number of seeds pod”! (8.53) was
obtained from IoGo which was also significantly different from all other
treatments. The results obtained trom loGeo: loGso and 11Gao showed comparatively
higher results where loGao and 11Ggo showed comparatively lower number of seeds

pod compared to highest and lowest result of number of seeds pod™.
4.2.3 Seed yield (kg ha™')

Results on seed vield (kg ha™') has been presented in Table 5 regarding the present
study. It was seen that seed yvield (kg ha') was significantly influenced by different
levels of irrigation. GAz and their interaction. Results showed that the highest seed
yvield (1156.33 kg ha-'} was achieved from 1; where the lowest seed vield (1067.33 kg
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ha'') was achieved from 1y at the time of harvest. Tawfik (2008) and Ibrahim and Al-
Bassyuni (2012) showed similar results regarding increased seed yield with

irrigation.

In terms of GAs application, it was observed that the highest seed yield (1314.00 kg
ha'y was obtained from Geo which was significantly different from all other
treatments where the lowest seed yield (856.70 kg ha'y was achieved from Gg which
was also significantly different from all other treatments (Table 5). The treatment
from Guo showed comparatively higher level of seed yield (1213.00 kg ha'!). The
results obtained from Gagand Ggo showed intermediate level for seed vield compared
to highest and lowest seed yield (kg ha!). Kelaiya et al. (1991), Sharma et al. (1989)

and Upadhyay (1994) showed similar results.

Interaction effect of irrigation and GAj application had signilicant effect on sced
vield (kg ha''). Results were presented in Table 5 that the highest seed vield (1376.00
ke ha) was found from ©iGeo which was significantly different from all other
treatments. On the other hand the lowest seed yield (830.00 kg ha'') was obtained
from 10Go which was also significantly different from all other treatments. The results
obtained from ToGeo. 10Gao and 11Gao showed comparatively higher results where loGag
and 1,Gy showed comparatively lower seed yield compared to highest and Jowest
result of seed yield (kg ha™'). Akbari et al. (2008) and Shohag et al. (2008) showed

similar resulls.
4.2.4 Weight of 1000 seeds

Results on 1000 seed weight has been presented in Table 5 regarding the present
study, It was seen that 1000 seed weight was significantly influenced by different
levels of irrigation. GA; and their interaction. Results showed that the highest 1000-
seed weight (54.20 g) was achieved from I, where the lowest 1000-seed weight

(52,47 g) was achieved from Iy at the time of harvesl.
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In terms of GA; application. it was observed that the highest 1000-sced weight (57.33
o) was obtained from Ggo which was significantly different from all other treatments
where the lowest 1000-seed weight (49.50 g) was achieved from Gy which was also
significantly different from all other treatments (Table 5). The results obtained from
Gao. Gao and Geo showed intermediate level for 1000-seed weight compared to
highest and lowest 1000-seed weight. Similar findings was also found from the

findings of Das and Prasad (2003) and Kelaiva et al. (1991).

Interaction effect of irrigation and GAs application had significant effect on 1000-
seed weight, Results were presented in Table 5 that the highest 1000-seed weight
(58.33 g) was found from 1LiGso which was signilicantly different from all other
(reatments. On the other hand the lowest 1000-seed weight (48.67 g) was obtained
from 1oGo which was also significantly different from all other treatments. The results
ohtained from 1iGeo. LoGso and 1oGeo showed comparatively higher results where

loGag. 11Go and 11Gay showed comparatively lower 1000-seed weight Cwn
o gL
an M

, . . 2
highest and lowest result of 1000-seed weight. P Q\h

4.2.5 Harvest index U=\

Results on harvest index has been presented in Table 5 regarding the |1|'cseﬁr:§_$}'§ic 1,4/
was seen that harvest index was significantly influenced by different levels ol
irrigation, GA; and their interaction. Results showed that the highest harvest index
(36.39%) was achieved from ly where the lowest harvest index (33.33%) was

achieved l[rom lg.

In terins of GAs application. it was observed that the highest harvest index (39.54%)
was obtained from Gap which was significantly identical with Gag where the lowest
harvest index (29.04%) was achieved from G which was significantly different from
all other treatments (Table 5). The resulls obtained from Gag and Gso showed
intermediate level for harvest index compared to highest and lowest harvest index.
Interaction effect of irrigation and GA; application had significant effect on harvest
index. Results were presented in Table 3 that the highest harvest index (40.84%) was
found from 1:Gen which was closely followed by TG and significantly different
from all other treatments. On the other hand the lowest harvest index (28.14%) was
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obtained from IoGo which was significantly different from all other treatments.
results obtained

The

from LoGao. 1oGen and 11Gao showed comparatively higher results

where LoGao and 10Gso showed comparatively lower harvest index compared 1o highest
and lowest result ol harvest index.

Table 5: Effect of irrigation, growth regulator and their interaction on yield and yield
contributing characters of mungbean

“Treatments | Number of | Number of Seed yield 1000 seed | Harvest |
L | pods/plant | seeds/pod (kg) ‘ weight | index |
Ij{;:fﬁ?rf of irrigation _ I|
o 9.67 b 10.51 b 1067.33 b [5247b  [3335b _|
el 11.05 a 11.67 a 1156.33 a 54.20 a | 36.39 a
' LSDuos | 1116 | 1.035 | 4.528 | 1.057 | 1.128 ‘
Effect of growth regulator |
Go 7.58 ¢ 8.83 e 85670 ¢ |49.50 ¢ |29.04¢
Gao 9.62 d 9.95 d 1075.00 d 5117 d | 33.65b
| Gao 10.77 ¢ 1095 ¢ 1213.00 b 5267 ¢ 38.39a
| Gen 12.33 a 13.37 a 1314.00 a 56.00 b 39.54 a
| Gao 11.50 b 12,35 b 1101.00 ¢ 5733 a | 33.74b
LSDgos | 0.5245 10.6279 12.862 0.7852 | 1.684
Interaction effect of irrigation and growth regulator - |
1,Gio T3y | 853w | 830.00 j | 48.67 h 28.14 h
10Gao 9.00 f 9.60 cd 1027.00 h 50.67 ¢ | 3040 f
oGap 9.83 ¢ 10.23 ¢ 1133.00 d 52.00 f 36.86 ¢
loGigo 1083 ¢d [ 1197 b 1252.00 ¢ 5467 4 |3824b
| ToGiso 1133 be  [1220b 1109500 g 5633 ¢ |33.12¢
11Go 783 g 9.13 de 883.30 i 5033 g |2994g |
 11Gao 1023 de | 1030 ¢ 1122.00 e 5167 f 36.90 ¢
 1Gao 11.70 b 11.67 b 1293.00 b 5333 ¢ | 39.92ab
| LG 13.83 1 14.77 a 1376.00 a 5733 b [40.84a
hlﬁm 1167 b [1250 b 1107.00 f 5833 a | 3436d
1.SDu3 0.7378 0.8831 3.665 0.9689 0.968 |
CV(%) 8.743 7.805 9.387 8.359 (7228 |
lo. = Noirrigation Go = 0ppm (No GA3z)
I, = lrrigation at first Gy = 20 ppm GA3
flowering stage Gso = 40 ppm GA;
Gen = 60 ppm GAz
Ggo = 80 ppm GA
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4.2.6 Chlorophyll content

It was observed that chlorophyll content was not significantly influenced by different
levels of irrigation but GA; and interaction of irrigation and GAs had signilicant
effect on chlorophyll content (Table 6). Results showed that the highest chlorophyll
content (0.564mg ¢! at 663nm and 0.262 mg g at 645nm) was achieved from I

where the lowest chlorophyll content (0.563 mg o' al 663nm and 0.261 mg g a

645mm) was achieved from lo. Islam (2010) showed similar results.

In terms of GAs application, it was observed that the highest chlorophyll content
(0.6510 mg g’ at 663nm and 0.3080 mg g'! al 645mm) was obtained from Gan where
the lowest chlorophyll content (0.3035 mg g at 663ym and 0.2300 mg g oal
643nm) was achieved from G (Table 6). The results obtained from G, Ga and Gso
showed intermediate level for chlorophyll content compared 1o highest and lowest

chlorophvll content. Islam (2010) showed similar results.

Interaction effect of irrigation and GAs application had significant effect on
chlorophyll content. Results were presented in Table 6 that the highest chlorophyll
content (0.7107 mg g at 663ym and 0.3330 mg o' at 643nm) was found from 11Gen
which was significantly different from all other treatments. On the other hand the
lowest chlorophyll content (0.4843 mg ¢! at 663nm and 0,2207 mg g at 643nm)
was obtained from 1¢Ga which was also signilicantly different from all other

lreatments,

35



4.2.7 Relative Water Content (RWC)
There was signilicant difference between two irrigation treatments in term of RWC
(Table 6). 1| treatment has the highest RWC (70,97%) and the lowest RWC (62.24%)

belongs to Io treatment. Allahmoradi et al. (2011) also similar result.

The results with GAs application. it was observed that the highest RWC (79.75%)
was obtained from Geo where the lowest RWC (50.33%) was achieved from G
(Table 6). The results obtained from Gz, Gao and Gyo showed intermediate level for
RWC compared to highest and lowest results, Allahmoradi et al. (2011} also showed

similar result.

Interaction effect of irrigation and GAs application had significant effect on RWC,
Results indicated that the highest RWC (84.12%) was found from LiGeo which was
significantly different from all other treatments. On the other hand the lowest RWC
(48.39%) was obtained from laGo which was also significantly dilferent from all
other treatments. Here. the treatment combinations of loGeo and 11Gaw showed

comparatively higher RWC where lnGazo and 14Ggo showed lower RWC,
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Table 6: Effect of irrigation growth regulator and their interaction on chlorophyll
and relative water content of mungbean

=

= Chlorophyll content g |
ire.ltments. 663nm | 645qm RWC (%) N
Effect of irrigation N _
A _ 0.563 b 0.261b 62.24 b
1 0.564 a 0.262 a 70.97 a
L.SDu.os ' 0.0012 0.0008 | 2.513 __]
Effect of growth regulator i
G [0.5543 b [0.2573 b 50.33 4 |
Gag _ | 0.5035 ¢ 0.2300 c 64.11 ¢ |
Gan 0.5523 b 0.2577 b 75.26 b
Giao 106510 a 0.3080 a 79.75 a
Cigo 0.5563 b 0.2563 b 63.59 ¢
| LSDu.os [0.01213 0.01213 2,143
Interaction effect of irvigation and growth regulator
1uGio 0.5183 d 1 0.2400 ¢ 4839 !
| 1oGao 104843 e 0.2207 d 5598h B
loGan. 0.4877 ¢ (.2280 «d 70.16 ¢
luGioo 0.6170 b 0.2830 b 75.38¢
loGiso 0.6177 b 0.2850 b 61.29 g
111G 0.5903 c¢ 0.2747 b 52261
| LG 0.5227 d 0.2393 ¢ 72.24d |
11Gag 05913 ¢ 0.2873 b 1 80.36b
Gao 07107 a 0.3330 a 84.12 a
11Giso 0.4950 e 0.2277 cd 6588
LSDo.os 0.01715 0.01715 1.863
CV(%) | 3.468 4215 8.362
ls = Noirrigation Go = 0ppm(No GA3)
[y = lrrigation at first Gzo = 20 ppm GA:
flowering stage Ga = 40 ppm GA3
Gay = 60 ppm GAs
Gso = 80U ppm GA:



CHAPTER YV

SUMMARY AND CONCLUSION

An experiment was conducted at the Farm of Sher-e-Bangla Agricultural University.
Dhaka to evaluate the effeet of irrigation and growth regulator on chlorophyll
content. water relation. growth and yield of mungbean during the period from
March 2012 to May 2012, The experiment comprised of two different factors such as
(1) two levels of irrigation viz. Iy (control), and I (irrigation at first flowering stage)
and (2) five levels of GA3 viz. Go (no GA3), Gao (20 ppm of GAz), Gao (40 ppm of
GiAz). Gao (60 ppm of GA3) and Gyo (80 ppm of GAz),

The experiment was set up in Randomized Complete Block Design (factorial) with
three replications. There were 10 treatment combinations. The experimental plot was
fertilized at the rate of 125 kg Triple Super Phosphate and 67 kg Muriate of Potash
per hectare. Mungbean seed of cv. BARI mung-3 were sown on 29 March 2012 and
harvested on 18 May 2012, Data on different growth and yield parameters were

recorded and analyzed statistically,

Results showed that the effect of irrigation was significant in respect ol various plant
characters including vield and yield attributes. Days 1o emergence after sowing of
mungbean was lowest (3.93 days) with irrigated field where non-irrigated condition
required more time (4.40 days) lor emergence of plant. Plant heights of mungbean
were influenced significantly by irrigation water at different growth stages and the
highest plant height (25.07, 56.33 and 65.00 em at 30. 60 DAS and at harvest,
respectively) were observed with irrigation condition where the lowest (22.73. 52.67
and 62.67 em at 30, 60 DAS and at harvest, respectively) were with non-irrigated
condition. Again, the highest [resh weight plant™ (13,10, 33.75 and 72.20 g at 30, 60
DAS and at harvest, respectively). dry weight plant” (3.70, 8.72 and 12.08 g at 30. 60

DAS and at harvest. respectively). number of flowers plant” (8.22, 4.88 and 2.96 at
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30. 60 DAS and at harvest. respectively). number of pods plant™!, (11.05). number of
seeds pod™! (11.67). grain yield (1156.33 kg ha'), 1000- seed weight (54.20 g) and
harvest index (36.39%) were achieve from irrigated field where the lowest fresh
weight plant”! (10.51. 26.97 and 63.70 g at 30, 60 DAS and at harvest. respectively).
dry weight plant”' (2.98. 6.96 and 10.63 g at 30, 60 DAS and at harvest. respectively),
number of flowers plant! (7.04, 3.96 and 2.43 al 30. 60 DAS and at harvest
respectively), number ol pods plant™!, (9.67). number of seeds pod™ (10.51), grain
yield (1067.33kg ha'), 1000 seed weight (52,47 g) and harvest index (33.353%) were

obtained with non-irrigated condition.

In case of chlorophyll content. the highest results (0.564 and 0.262 at 663ym and
645nm. respectively) were also obtained from irrigated field where the lowest (0.563
and 0.261 at 663nm and 645nm, respectively) were found from non-irrigated tield.
Again, in terms of relative water content (RWC). the highest (70.97%) were obtained

from irrigated field where the lowest (62.24%) were found from non-irrigated lield.

Results also showed that GAs had significant effect on growth, vield, ¢hlorophyll
content and relative water content. 1t was observed thal the highest plant heights
(27.33, 60.00 and 68.83¢m at 30, 60 DAS and at harvest, respectively). [resh weight
plant” (15.08, 37.00 and 80.25 g at 30. 60 DAS and at harvest, respectively), dry
weight plant’! (4.26. 9.54 and 13.39 g al 30. 60 DAS and at harvest. respectively).
number of flowers plant”! (9.44, 5.62 and 3.069 ai 30. 60 DAS and at harvest
respectively), number of pods plant!, (12.33), number of seeds pod” (13.37). grain
vield (1314.00 kg ha'). 1000- seed weight (56.00 g) and harvest index (39.34 %)
were achieved with GAs application at the rate of 60 ppm (Ggo) where the lowest
plant height (20.67, 52.83 and 62.50 em at 30, 60 DAS and al harvest respectively).
fresh weight plant! (7.53, 22.38 and 56.00 g at 30. 60 DAS and at harvest
respectively), dry weight plant’! (2.14, 5.79 and 9.38 g at 30, 60 DAS and at harvest.
respectively), number of flowers plant” (5.89, 345 and 1.61at 30. 60 DAS and at

harvest. respectively), number of pods plant! (7.38), number ol seeds pod' (8.83),
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grain vield (856.70 kg ha'!), 1000 seed weight (49.50 g) and harvest index (29.04%)

were obtained with GAs (Go) application.

I case of chlorophyll content. the highest results (0.6510 and 0.3080 at 663nm and
645mm respectively) were also obtained from GA; application at the rate of 60 ppm
(Geo) where the lowest (0.5033 and 0.2300 at 663nm and 643nm respectively) were
found from GAs application at the rate of 20 ppm (Gap). Again, in terms of relative
waler content (RWC), the highest (79.75%) was obtained from GA; application at the

rate of 60 ppm (Gen) where the lowest (50.33%) was found from non-irrigated field.

i terms of interaction effect of irrigation and GAx application, the highest plant
heights (28.67. 64.33 and 70.33 ¢cm at 30. 60 DAS and at harvest, respeetively). [resh
weight plunt" (16.30, 38.50 and 84.00 g at 30, 60 DAS and at harvest, respectively),
dry weight plant' (4.58.9.92 and 14.01 g at 30, 60 DAS and at harvest. respectively),
number of flowers plant” (10.55, 6.88 and 4.28 al 30. 60 DAS and at harvest
respectively), number of pods plant”! (13.83), number of seeds pod' (14.77). grain
yvield (1376.00 kg ha') and harvest index (40.84%) were achieved with the
combination of 1iGeo where the lowest plant height (19.67. 52.33 and 61.33 cm at 30,
60 DAS and at harvest. respectively). fresh weight plant™! (6.64 and 34.33 ¢ at 30. 60
DAS and at harvest, respectively), dry weight plant” (1.89, 5.01 and 9.08 g atl 30, 60
DAS and at harvest respectively), number of flowers plant! (5.77. 3.40 and 1.55 at
30. 60 DAS and at harvest respectively), number of pods plant™!, (7.33). number of
seeds pod!' (8.53), grain yield (830.00 kg ha''y and harvest index (28.14%) were
obtained with the combination of ToGg. But it was observed that the highest 1000-
seed weight (58.33 g) was found from LiGsy where the lowest 1000-seed weight

(48.67 g) was found from laGo.

In case of chlorophyll content, the highest (0.7107 and 0.3330 at 663nm and 645ym
respectively) was also obtained from 1;Ggo treatment where the lowest (0.4843 and

0,2207 at 663nm and 643nm respectively) was found from LoGao interaction. Again,
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in terms of relative water content (RWC), the highest (84.12%) was obtained from

11Goo treatment where the lowest (48.39%) was found from leGi.

From the above results, it may be concluded that both the treatments had significant
effect on growth, vield and yield contributing characters of BARI mungbean-3. The
plant height. total dry weight of plant, aumber of fowers, number of pods per plant,
number of seeds per pod, 1000-seed weight, sced yield were enhanced significantly
by irrigation and GAs (1iGen). So. It may be concluded that significantly higher yield

of mungbean was achieved using one irrigation (1) along with 60 ppm of GAs (Geo).
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APPENDICES

Appendix 1. The mechanical and chemical characteristics of soil of the experimental
site as observed prior to experimentation (0 - 15 em depth).

Mechanical composition:

Particle size constitution

Sand : 40%
Silt : 40%
Clay v 20%
Texture :  Loamy

Chemical composition:

' Soil characters |-;'h'ril|'|.i€
| Organic matter .44 %
_}_'F"nmssium 0,15 meg/100 g soil i
]_(:uluiur'ﬂ 3.60 meg/100 g soil
!. Magnesium ST 1.00 meq/100 g soil
Total nitrogen : 0072
Phospliorus 22.08 pg/e soil __
l Sulphur | 25.98 pp/g soil
| Boron 0.48 ug/gsoil
i_[::jppg_r 3.54 pgfe soil
| Iron 262.6 puw/g soil
i Manganese 164 pe/e soil
I| Zinc 3.32 gy soil

Source: Soil Resources Development Institute (SRDI), Khamarbari, Dhaka

Appendix 2. Monthly records of air temperature, relative humidity, rainfall and
sunshine hours during the period from March 2012 to June 2012,

[ Air temperature ("C) Relative | Rainfall | Sunshine
humidity (mim) (h
Year | Month (%0) |
Maximum | Minimum | Mean |
March 37200 | -21.80 ‘zmu 66.69 66.70 1550 |
2012 April 34.44 23.96 2020 68,08 9(.01 253.0
May | 3323 24.11 ‘ 2867 | 9613 | 2979 96.0 ‘
i) June | 14,26 7624 | 3025 04.11 265.6 | 64,0

- 1 L.
Source: Bangladesh Meteorological Department (Climate division), Dhaka-1211.
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Appendix 3

Effect of irrigation and growth regulator showing days to

emergence after sowing on chlorophyll content, water relation
and yield of mungbean

i Source ﬂ-f 2 Mean square
R Degrees of freedom - -

variation Days to emergence after sowing B
Replication 2 1.433 -

Factor A | 1.633* |
! Factor B 4 (.583%* |
| AB 4 0.550%* |
| Error 18 | 0.507 |

Appendix 4: Effect on plant height with irrigation and growth regulator on
chlorophyll content, water relation and yield of mungbean

Source of | Source of L[‘e’lean square of plant height (cm)
‘ variation variation | 30 DAS | 60 DAS | At harvest .
| Replication | 2 2.100 | 2.800 11.233 |
| Factor A 1 4.833% 10.83% 4.833*
 Factor B 4 ] 6.133* [11.75% 9.250%
| AB A s | 33508 18.08* 0,383+

Error 18 | 1.100 3.207 2.863 ]

Appendix 3

. Effect on fresh weight plant™” with irrigation and growth regulator

on chlorophyll content, water refation and yield of mungbean

I Source of Degrees of | Mean square of fresh weight plant’ (g) _ N
Cvariation | freedom | 30 DAS | 60 DAS At harves |
| Replication 2 1.000 0.725 2.325 _
| Factor A 1 5.414% 5.441% 5.875*
Factor B 4 8.396% 4.506%* 3.950%* ‘
AB 4 0.897%# 3.776 9.833% |
Error 18 0.129 10.339 | 1195 |
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Appendix 6: Effect on dry weight plant! with irrigation and arowth regulator
on chlorophyll content, water relation and yield of mungbean

Source of | Degrees | Mean square of dry weight plant” (g) i)

variation of 30 DAS 60 DAS ‘ At harvest I
! rjillinl. freedom | | ) -
Replication 250 0078 0.162 [ 0.06Y |
| Factor A ; 3.924% 2.408%* | 5.667* =
| Factor B 4 3.809* 8.869* 12.67% N
(AB A 0075 | 0.898*% 1,847+
| Error 18 | 0.010 T0.021 0.023 |

Appendix 7: Effect on number of flowers plant” with irrigation and growth
regulator on chlorophyll content, water relation and yield of

mungbean
Source of | Degrees of | Mean square of number of flowers plant |
variation freedom 40 DAS 60 DAS l 80 DAS _|
| Replication 2 0.214 1 0.611 0422 |
Factor A | 2.366* | 3.124% N i |
[Factor B 4 5.124* 5291 7263% |
AB 4 b2 15w [2:322* | 1.287* |
}Errm 18 1.743 1.865 | 1.147 _|

Appendix 8: Effect on yield and yield contributing characters with irrigation
and growth regulator on chlorophyll content, water relation and
yield of mungbean

™ Source of | Degrees of| Mean square of |

| variation | freedom | Number of | Number of | Seed yield [ 1000 seed | Harvest

| pods/plant | seeds/pod (kg) | weight index |

| Replication 3 [0s507 ']0324 [2.233 | 1.233 1.088
Fuctor A 1 [4421% 1021% | 9.500% [ 6.533*%  [8247*
Factor B 4 9.432% 19.77* 16.38* 14.42% 14.39*
AB 4 | 782%* 1.511%*  [5.917* 0.617** | 3.256*

_Error | 18 0.187 0.268 4.567 | 0.419 2.114

I““



Appendix 9: Effect of irrigation and growth regulator on chlorophyll content
and relative water content (RWC) for growth and yield of
mungbean

| Degrees '-_Pvﬂan square of chlorophyll content :at_'

?::.r:u(: ¢ o 663nm ' 645nqm RWC (%)
: _ reedom i o

| Replication | 2 0.083 Q021 1.014
FactorA [ 1 |0420%* 0.042%% 7.288%

| FactorB 4 0.017% 0.005%* 12.145%
' AB 4 | 0.020%* 0.004%* 2.384*
Error 18 [0l012 | 0.003 2.644
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