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Abstract

A field experiment was conducted on Chickpea (Cicer arietinum L.) during Rabi season of 2017-18 at
Agronomy Farm, Department of Agronomy, Dr. P.D.K.V., Akola to study the effect of bioregulators on
yield and yield attributes of chickpea. The experiment was laid out in FRBD with three replications and
fifteen treatment combinations in each. The treatment consists of five bioregulators viz., water spray,
Salicylic acid @ 50 ppm, Ethrel @ 200 ppm, Brassinosteroid @ 0.25 ppm and Nitrobenzene (20%) @
500 ppm and three stages of application of bioregulators viz., at flower initiation, at pod formation and
twice at flower initiation and pod formation stage. The result of study revealed that yield parameters viz.,
number of pods plant -1, weight of pods plant 1, seed wt. plant -1, test wt., seed yield, straw yield were
significantly higher with the application of Nitrobenezene @ 500 ppm.
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Introduction

Pulses occupy a unique position in farming system all over the world. Pulses are major and
cheaper source of protein particularly for vegetarians and contribute about 14% of Indian diet.
Chickpea (Cicer arietinum L.) also known as Bengal gram or Gram belongs to the family
Leguminoceae and is believed to have originated from South Western Asia. It is the third most
important pulse crop in the world (after beans and peas). Its seeds have been eaten by humans
since around 7000 BC. It is a rich source of protein (18-22%), carbohydrate (61-63%), fat (4-
5%), and also contains calcium (280 mg/100 g), phosphorous (301 mg/100 g), iron (12.3
mg/100 g), niacin, Vitamin B, Vitamin C and having Calorific value of 396.

The role of Bioregulators in enhancing the production of crop has long been recognized and
now this low cost technology has emerged as a boon for enhancing the agricultural production
at an unprecedented rate. It has been observed that synthesis and translocation of
photosynthates into sink is very poor at later stages of the crop besides poor vegetative growth
and flowering. Plant hormones play important role as the small quantities regulate the various
physiological processes and balance the source and sink thereby increase the productivity.
Number of various bioregulators like Nitrobenzene, Salicylic acid, Brassinosteroid and
Ethylene are being used on different crops at various concentrations and at different stages of
development. In view of this, the present study was undertaken to access the effect of
bioregulators on yield and yield attributes in chickpea.

Material and Methods

The field experiment was conducted during Rabi season of 2017-18 at the Agronomy Farm of
Department of Agronomy, Dr. Panjabrao Deshmukh Krishi Vidyapeeth, Akola. The field
selected for conducting the experiment was fairly uniform and leveled. In order to determine
the chemical properties of soil, the soil sample were collected at 0-30 cm depth from randomly
selected spots spread over the experimental area prior to sowing. A composite soil sample was
analyzed for the fertility status of soil.

The soil of experimental plot was vertisol, clayey in texture with fairly uniform and leveled
topography. As regards to fertility status, the soil was medium in available Nitrogen (176 kg
hal), low in available Phosphorus (18 kg ha'), fairly high in available Potassium (365 kg ha-
1), and moderate in organic carbon (0.50%). Soil was slightly alkaline in reaction with pH- 7.8
and Electric conductivity- 0.5 dSm™.
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The experiment was laid out in Factorial Randomized block
Design (FRBD) with two different factors. The factor ‘A’
consisted of application of different bioregulators viz., water
spray, Salicylic acid @ 50 ppm, Ethrel @ 200 ppm,
Brassinosteroid @ 0.25 ppm and Nitrobenzene (20%) @ 500
ppm. While, Factor ‘B’ comprised of three stages of
application of bioregulators viz., at flower initiation (45
DAS), at pod formation (60 DAS) and twice at flower
initiation and pod formation stage (45 & 60 DAS) with three
replications and fifteen treatment combinations. The variety
used was PDKV- Kanchan (AKG-1109) released in 2017 with
20.60% protein content, 19.7 gm of seed weight, maturing in
109 days and yield was 1935 kg ha. The chickpea crop was
sown on 14" November 2017 and harvested on 4™ March
2018.

All recommended package of practices were followed. The
rainfall received during the season (November- March 2017-
18) was 0.7 mm in 0 rainy days against normal rainfall of 51.7
mm in 4.2 rainy days.

The chickpea crop was fertilized with recommended dose of
25:50:30 NPK kg ha? and 25 kg ZnSO, ha. The source of
nutrient used was by Urea, Single Super Phosphate (SSP) and
Muriate of Potash (MOP). Fertilizer were mixed thoroughly
in required quantity and placed in the soil at 3-5 cm deep and
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away from seed. Soil pH was determined by pH meter after
equilibrating soil with water for 60 minutes in the ratio of
1:2.5 soil water suspensions (Jackson, 1967) [,

Electrical conductivity of soil was determined by 1: 2.5 soil
water suspensions using Electrical conductivity meter
(Jackson, 1967) M. Organic carbon content in soil was
determined by Walkley and Blacks method (1934) [4
(Jackson, 1967) 1. The available nitrogen from soil was
estimated by alkaline permanganate method by Subbiah and
Asija (1956) 9, The available phosphorus from soil was
estimated by Olsen’s method (1954) 3. The available
potassium from soil was determined by neutral normal
ammonium acetate extract using Flame Photometer (Hanway
and Heidel, 1952) [, Chemical analysis of plant was done
after harvest for determining the nutrient uptake (N, P, and K)
by plant and seed.

The experimental data collected during the course of
investigation were analyzed with Factorial Randomized Block
Design programmed on computer by adopting standard
statistical techniques of analysis of variance (Gomez and
Gomez, 1984) B,

Results and Discussion
Yield attributes

Table 1: Yield attributes viz., number of pods plant?, Wt. of seeds pod-! (g), seed weight plant™ (g) and test weight (g) as influenced by different

treatments.
Treatments [Number of pods plant]Wt. of pods plant™ (g)[Seed weight plant (g)[Test weight (g)
Factor A- Application of Bioregulators
B1: Water Spray 34.68 10.85 8.48 21.56
B2: Salicylic acid @ 50 ppm 41.37 11.54 9.35 22.40
B3: Ethrel @ 200 ppm 36.92 11.22 9.23 22.15
B4: Brassinosteroid @ 0.25 ppm 42.40 11.96 9.65 23.10
B5: Nitrobenzene @ 500 ppm 43.57 12.99 10.00 24.40
SE(m)+ 0.82 0.29 0.18 0.35
C.D.at5% 2.39 0.83 0.54 1.02
Factor B- Stage of Application
S1: At Flowering (40 DAS) 38.51 11.40 8.98 22.15
S2: At Pod Formation (60 DAS) 39.94 11.56 9.35 22.94
S3: At Flowering and pod formation (40 and 60 DAS) 40.91 12.18 9.69 23.08
SE(m)+ 0.64 0.22 0.14 0.27
C.D. at 5% 1.85 0.65 0.41 0.79
Interaction
SE(m)x 1.427 0.498 0.320 0.611
CD at 5% NS NS 0.911 NS
GM 39.79 11.71 9.34 22.72

Effect of bioregulators: Yield contributing characters such
as number of pods per plant, Wt. of pods plant?, seed weight
per plant (g), test weight were significantly influenced due to
application of different bioregulators under experimental
study.

Number of pods plant!: Pods are the major yield
determining factor in pulses. Foliar application of
bioregulators has effectively increased the pod number. In
present investigation application of Nitrobenzene (20%) @
500 ppm recorded significantly higher number of pods plant™
than the spraying of Ethrel @ 200 ppm and water spray but
was remained at par with Brassinosteroid @ 0.25 ppm and
Salicylic acid @ 50 ppm which were also at par with each
other. Plant growth regulators are known to enhance the
source- sink relationship and stimulate the translocation of
photoassimilates thereby helping in effective flower
formation, pod and seed development and ultimately enhance
the productivity of crop. The increase in number of pods

plant? due to application of bioregulators might have
increased flower forming substances by altering auxins,
cytokinins, gibberellins and Ethylene ratio favourably to a
higher level of flower forming substances, thereby increasing
flowers and the resultant higher number of pods. Such
increase in number of pods due to application of growth
regulators was also reported by Jankiram (2015) &,

Wt. of pods plant? (g): Foliar application of Nitrobenzene
(20%) @ 500 ppm recorded significantly higher wt. of pods
plant? over all other treatments of bioregulators. This increase
in wt. of pods might be due to significant increase in seed wt.
per pod.

Seed weight plant™: Spraying of Nitrobenzene (20%) @ 500
ppm recorded significantly more seed weight plant® than
Salicylic acid @ 50 ppm, Ethrel @ 200 ppm and water spray
and remained statistically similar with Brassinosteroid @ 0.25
ppm. The increase in seed weight per plant might have
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attributed to higher number of pods per plant and weight of
pods plant® with the application of bioregulators. These
findings are in accordance with Jankiram (2015) .
Application of Nitrobenzene (20%) @ 500 ppm recorded
significantly higher test weight per plant over all the three
bioregulators, viz., Brassinosteroid @ 0.25 ppm, Salicylic acid
@ 50 ppm and Ethrel @ 200 ppm and water spray. Higher
test weight might be the result of enhanced photosynthetic
activity, followed by efficient transfer of metabolities and
subsequent accumulation of these metabolities in the seed
with the resultant increase in size and weight of the individual
seed due to the foliar application of bioregulators at
reproductive stage of the crop. Similar results are in
conformity of Jankiram (2015) [€1,

Test weight (g): Application of Nitrobenzene (20%) @ 500
ppm recorded significantly higher test weight per plant over
all the three bioregulators, viz., Brassinosteroid @ 0.25 ppm,
Salicylic acid @ 50 ppm and Ethrel @ 200 ppm and water
spray. Higher test weight might be the result of enhanced
photosynthetic activity, followed by efficient transfer of
metabolities and subsequent accumulation of these
metabolities in the seed with the resultant increase in size and
weight of the individual seed due to the foliar application of
bioregulators at reproductive stage of the crop. Similar results
are in conformity of Jankiram (2015) (€1,

Effect of stages of application: Yield attributing characters
viz., number of pods plant?, Wt. of pods plant?, seed weight
plant®, test weight, seed vyield and straw vyield were
significantly influenced due to stages of application. Spraying
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of bioregulators twice at flowering and pod formation stage
remained at par with spraying of bioregulator only at pod
formation stage and recorded significantly more yield
attributing characters than spraying only at flower initiation
stage.

Application of bioregulators twice at flower initiation and pod
formation stage due to increased flower forming substances
thereby increasing number of flowers, lessen flower shedding,
increased pod setting might have resulted in higher number of
pods per plant.

Seed weight per plant might have increased due to application
of bioregulators twice at flower initiation and pod formation
stage which enhanced the source- sink relationship and
stimulate the translocation of photoassimilates thereby
helping in effective flower formation, pod and seed
development and ultimately enhance the productivity of crop.
Higher test weight might be the result of enhanced
photosynthetic activity, followed by efficient transfer of
metabolities and subsequent accumulation of these
metabolities in the seed with the resultant increase in size and
weight of the individual seed due to the foliar application of
bioregulators at reproductive stage of the crop.

Effect of interaction: There was non-significant difference
due to the interaction between application of different
bioregulators and its stages of application on number of pods
plant?, Wt. of pods plant? and test weight. While, data
pertaining to interaction effect between application of
different bioregulators and their stages of application on seed
weight plant? is presented in Table 2.

Table 2: Seed weight plant? as influenced by interaction effect between application of bioregulators and stages of application

Treat. S1 S2 S3

B1 8.10 8.57 8.78

B2 9.24 9.24 9.57

B3 9.23 9.23 9.23

B4 9.61 9.61 9.72

B5 9.63 9.80 10.75
SE. m# 0.32
C.D. at 5% 0.91

From the data, it was revealed that, treatment combination of
spraying Nitrobenzene (20%) @ 500 ppm twice at flower
initiation and pod formation (BsSs) recorded significantly
higher seed weight plant® than rest of the treatment
combinations, but remained at par with the treatment
combination of Nitrobenzene (20%) @ 500 ppm only at pod
formation (BsS), which was also superior in respect of seed
weight plant than other treatment combinations.

Application of Nitrobenzene twice at flower initiation and pod
formation stage might had increased seed weight per plant
due to more flowering, less shading of pods, increased
translocation of photoassimilates to reproductive parts thereby
increasing pod setting.

Yield Effect of bioregulators: The application of different
bioregulators significantly influenced the seed yield per
hectare. Foliar application of Nitrobenzene (20%) @ 500 ppm
recorded significantly higher seed yield (2955 kg ha™) than
Brassinosteroid @ 0.25 ppm (2744 kg ha?), Salicylic acid @
50 ppm (2651 kg ha), Ethrel @ 200 ppm (2618 kg ha) and
water spray (2506 kg hal). The mean seed yield of chickpea
was 2695 kg ha?. Beneficial effects of foliar spray of
Nitrobenzene on vyield attributes have increased the seed

yield. These results are in accordance with the findings of
Sharma and Sardana (2012) and Umbarkar et al. (2018) 1221,
Similar trend as that of seed yield was also observed in
respect of straw yield. Application of Nitrobenzene (20%) @
500 ppm recorded significantly higher straw yield (3694 kg
hal) per hectare than Brassinosteroid @ 0.25 ppm (3443 kg
hal), Salicylic acid @ 50 ppm (3438 kg ha'), Ethrel @ 200
ppm (3441 kg ha) and water spray (3318 kg hal). The
increase in straw yield might be due to overall improvement
in growth parameters and increased yield attributes.

The highest harvest index value of 44.43% was recorded with
the application of Nitrobenzene (20%) @ 500 ppm followed
by Brassinosteroid @ 0.25 ppm 44.38%. The lowest harvest
index of 42.98% was noticed with application water spray

Effect of Stages of application

Stages of application of bioregulators had significant effect on
seed yield and straw yield. The seed yield due to spraying of
bioregulators at both flowering and pod initiation (2792 kg ha
1) was at par with spraying only at pod initiation stage (2703
kg ha) and recorded significantly higher seed yield per
hectare than spraying of bioregulators only at flower initiation
stage (2590 kg ha?). Spraying of bioregulators twice at
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reproductive stage i.e. flower initiation and pod formation
contributed to the increased yield attributes and the resultant
final seed yield. Similar pattern was also noticed in case of
straw yield.

The highest harvest index of 44.03% was recorded with the
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application of bioregulators at both flower initiation and pod
formation stage followed by application of bioregulators once
at pod formation stage (43.76%). Spraying of bioregulators
once at flower initiation recorded the lowest harvest index
(43.34%).

Table 3: Seed yield, Straw yield (kg ha™*) and Harvest index (%) as influenced by different treatments

Treatments |

Seed Yield (kg ha?) |

Straw Yield (kg hal) | Harvest Index%

Factor A- Application of Bioregulators

B1: Water Spray 2506 3318 42.98
B2: Salicylic acid @ 50 ppm 2651 3438 43.55
B3: Ethrel @ 200 ppm 2618 3441 43.19
B4: Brassinosteroid @ 0.25 ppm 2744 3443 44.38
B5: Nitrobenzene @ 500 ppm 2955 3694 44.43
SE(m)+ 51 57 -
C.D. at 5% 149 165 -
Factor B- Stage of Application
S1: At Flowering (40 DAS) 2590 3388 43.34
S2: At Pod Formation (60 DAS) 2703 3464 43.76
S3: At Flowering and pod formation (40 and 60 DAS) 2792 3549 44.03
SE(m)+ 40 44 -
C.D. at 5% 115 128 -
Interaction
SE(m)+ 89 99 -
C.D. at 5% 253 281 -
GM 2695 3467 43.71
Interaction effect: The treatment combination of spraying References

Nitrobenzene (20%) @ 500 ppm at both flower initiation and
pod formation stage (BsSs) remained at par with treatment
combination of Nitrobenzene (20%) @ 500 ppm at pod
formation stage (BsSy) and recorded significantly higher seed
yield and straw yield per hectare than all the other treatment
combinations.

Table 4: Seed yield (kg ha?) as influenced by interaction effect
between application of bioregulators and stages of application

Treat. S1 S2 S3

B1 2397 2407 2715

B2 2620 2622 2710

B3 2617 2617 2619

B4 2711 2755 2767

B5 2604 3111 3149
SE m+ 89
C.D. at 5% 253

Table 5: Straw yield (kg ha') as influenced by interaction effect
between application of bioregulators and stages of application

Treat. S1 S2 S3

B1 3297 3315 3343

B2 3471 3371 3472

B3 3412 3441 3471

B4 3472 3378 3478

B5 3286 3814 3981
SE. mz 99
C.D. at 5% 281

From the data, it was revealed that, treatment combination of
spraying Nitrobenzene (20%) @ 500 ppm twice at flower
initiation and pod formation (BsSs) recorded significantly
higher seed weight plant?, seed yield and straw yield per
hectare than rest of the treatment combinations, but remained
at par with the treatment combination of Nitrobenzene (20%)
@ 500 ppm only at pod formation (BsSz), which was also
superior in respect of seed weight plant?, seed yield and straw
yield per hectare than other treatment combinations.

1. Bera AK, Kalipada P, Sutapa D, Soma M, Binoy KS,
Spurti M et al. Response of microbes and bioregulators
on vyield performance of chickpea (Cicer arietinum L.)
under rainfed condition. J Biopest. 2014; 7(2):216-222.

2. Bora KK, Bohra, SP. Effect of ethephon on growth and
yield of Glycine max L. Comp. Physiol. Econ. 1989;
14:74-77

3. Chandra S. Effect of growth regulators in relation to date
of sowing on the growth and yield of soybean cultivars.
M.Sc. thesis, PAU, Ludhiana, 1985.

4. Chauhan V, Hirpara DS, Bheda MK, Sutaria GS.
Response of chickpea (Cicer arietinum L.) to plant
growth regulators. Journal of Pharmacognosy and
Phytochemistry. 2018; 7(6):669-672.

5. Gomez AA, Gomez KA. Statistical Procedures for
Agricultural Research. John Wiley and Sons. Ink., New
York, 1984.

6. Grewal HS, Kolar JS, Cheema SS, Singh G. Studies on
the use of growth regulators in relation to nitrogen for
enhancing sink capacity and yield of gobhi- season
(Brassica napus). Indian Journal of Plant Physiology.
1993; 36 1-4.

7. Hanway JJ, Heidal H. Soil analyses methods as used in
lowa state college soil testing laboratory, lowa
Agriculture. 1952; 57:1-31.

8. Jankiram M. Response of soybean varieties to nutrient
management and growth regulators. M.Sc. College of
Agriculture, Kolhapur, 2015.

9. Jackson ML. Soil chemical analysis, Practice Hall of
India (Ltd), New Delhi, 1967.

10. Khan WP, Balakrishnan and Donald LS. Photosynthetic
responses of corn and soybean to foliar application of
salicylates. J Plant Physiol. 2003; 160:485-492.

11. Lone NA, Mir MR, Khan NA. Impact of exogenously
applied Ethephon on physiological and yield attributes of
two mustard cultivars under rainfed condition. Applied
Biological Research. 2009; 11:44-46.

~ 143~



http://www.chemijournal.com/

International Journal of Chemical Studies http://www.chemijournal.com

12. Marimuthu S, Surendran U. Effect of nutrients and plant
growth regulators on growth and yield of black gram in
sandy loam soils of Cauvery new delta zone, India. 2015;
1:1010415

13. Olsen SR, Cole CV, Watanbe FS, Dean LA. Estimation
of available phosphorous in soils by extraction with
sodium bicarbonate, United States Department of
Agriculture, 1954, 939.

14. Rajesh K, Reddy SN, Reddy AP, Singh BG. A
comparative study of plant growth regulators on
morphological, seed yield and quality parameters of
greengram. International Journal of Applied Biology and
Pharmaceutical Technology, 2014; ISSN:0976-4550

15. Ramesh RE, Ramprasad E. Effect of Plant Growth
regulators on morphological, Physiological and
Biochemical parameters of Soybean (Glycine max L.
Merrill) Helix Chapter Biotechnology and Bioforensics,
Part of the series Springer Briefs in Applied Sciences and
Technology. 2013; 6:441-447.

16. Raskin I. Role of salicylic acid in plants. Annu. Rev.
Plant Physiol. Plant Mol. Biol. 1992; 4:439-463.

17. Shakirova FM, Skhabutdinova AR, Bezrukova MV,
Fathutdinova RA, Fathutdinova DR. Changes in the
hormonal status of wheat seedlings induced by Salicylic
(SA) and salinity. Plant Science. 2003; 164:317.

18. Singh S. Effect of dates of sowing and growth regulators
on growth and vyield of mung. M.Sc. thesis, PAU,
Ludhiana, 1984.

19. Solamani A, Sivakumar C, Anbumani S, Suresh T,
Arumagam K. Role of plant growth regulators on rice
production: A review. Agri. Rice Review. 2001; 23:33-
40.

20. Subbiah BV, Asija GL. A rapid Procedure for estimation
of available Nitrogen in soil. Current Science. 1956;
25:256-260.

21. Sumathi A, Babu V, Prasad R, Vanangamudi M.
Influence of plant growth regulators on yield and yield
components in pigeonpea. Legume Research, 2016;
ISSN:0250-5371

22. Umbarkar AS, Kubde KJ, Thakare GV, Deshmukh MR.
Effect of bioregulators on growth and yield of soybean
(Glycine max L.) Green Farming. 2018; Vol. (6):998-
1002 November-December, 2018

23. Yadav S PH, Probst AH. Note on the effect of growth
regulators on seed yield of cowpea. Indian J. Plant
Physiol. 1980; 18:135-139.

24. Walkley J, Black I. Estimation of Soil organic carbon by
the chromic acid titration method. Soil Sci. 1934; 37:29-
38.

25. Zohary, Daniel, Maria H. Domestication of Plants in Old
World (third edition), Oxford University Press, 2000,
110.

~ 144~


http://www.chemijournal.com/

