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Abstract

A field experiment was conducted during kharif season of 2019 at Department of Crop Physiology, Tamil Nadu Agricultural
University, Coimbatore to study the influence of different plant growth regulating compounds and nutrients on biochemical changes
and yield attributes of pigeonpea genotype (ICPL 11255) under irrigated condition. The treatments consist of foliar spray of growth
retardants viz., mepiquat chloride @ 500 ppm and chlormequat chloride @ 500 ppm at vegetative stage and different PGRs (Salicylic
acid @ 100 ppm, Brassinosteroid @ 0.1 ppm and NAA @ 40 ppm), Nutrients (ZnSO4 @ 0.5 % + Boric acid @ 0.3%, MAP @ 2% and
TNAU Pulse Wonder @ 1%) and two Nutrient consortia mixtures at flower initiation and 15 days thereafter. The results revealed that,
foliar application of Chlormequat chloride and Nutrient consortia -1 recorded maximum soluble protein content (15.14, 14.48 mg g),
nitrate reductase activity (12.44, 9.01 pg NO,g* h't), maximum number of flowers plant™ (52.30), number of pods plant* (18.05), 100

seed weight (11.12 g) and Fertility co- efficient (34.50 %) compared to other treatments.
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Introduction

Pulses are the chief source of vegetable protein in human diet
and besides protein they provide complex carbohydrates,
vitamins and minerals (Jukanti et al., 2012) ). Among the
pulses, the Pigeonpea is the second most important protein rich
pulse crop after chickpea in India and fifth most important crop
in the world. India is the largest producer of the crop
contributing to 85% of the world total production. In India, it
occupies an area of about 5.39 m ha with an annual production
of 4.60 million tonnes and productivity of 913kg/ha
(FAOSTAT, 2018) [,

In pigeon pea, vegetative and reproductive stage occurs
simultaneously and hence there is competition for available
assimilates between vegetative and reproductive sink. On the
other hand, always there is a limitation of source (leaves)
particularly at flowering and pod development stages. Apart
from its genetic makeup, the major physiological constraints
limiting pigeon pea yield are flower and fruit drop (Ojeaga and
Ojehomon 1972) 4. In almost all the pulses, flower drop
determines the yield and yield attributing parameters. The
availability of assimilates, anatomical features of the vascular
system and hormonal factors are possible to interact and play a
key role in the abscission of reproductive organs. Therefore,
flower and pod abortion result from a temporary shortage of
assimilates produced by intense intra-plant competition between
vegetative parts, especially the stem apex, and reproductive
organs at the beginning of flowering and pod-setting
(Karamanos and Gimenez 1991) . Retention of flowers and
pod conversion produced by the plant gives prospective yield
which is possible through foliar application of growth regulators

and nutrients during flower initiation and pod development
stages. Another restraint of the limited nitrogen fixation by
legume- rhizobium symbiosis is the consequence of mineral
nutrient  deficiency, both macronutrients as well as
micronutrients (Zn, Fe, B, Mo etc.) which limits the legume
production (Bhuiyan et al., 1999) [ The plant growth
regulators in general, regulate the physiological processes and
enhance the growth and development of field crops which
results in increased yield. With the above constraints in view, a
research was taken up to assess the influence of foliar
application of plant growth regulators and nutrients on
biochemical attributes and yield of pigeonpea.

Materials and methods

The field experiment was conducted during kharif season, 2019
at Department of Crop Physiology, Tamil Nadu Agricultural
University, Coimbatore in determinate Pigeonpea genotype
ICPL 11255 to investigate the influence of foliar PGRs and
nutrients on biochemical traits and yield attributes. The
experimental field was laid out in Factorial Randomized Block
Design (FRBD) with nine treatments and three replications. The
treatments were growth retardants viz., control (M), mepiquat
chloride @ 500 ppm (M) and chlormequat chloride @ 500 ppm
(M3) sprayed at vegetative stage and then different PGRs and
nutrients (T1 - Control, T, - Salicylic acid @ 100 ppm, T3 -
Brassinosteroid @ 0.1 ppm, T4 - NAA @ 40 ppm, Ts - ZnSO, @
0.5 % + Boric acid @ 0.3%, Ts - MAP @ 2%, T7 - TNAU Pulse
Wonder @ 1%), and two nutrient mixtures (Tg - Nutrient
consortia- 1, Ty - Nutrient consortia- 2) sprayed at flower
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initiation and 15 days thereafter. In biochemical assay, soluble
protein was estimated from leaf samples following Lowry et al.
(1951) %1 method, Nitrate reductase activity was determined by
Nicholas et al. (1976) 231 method and IAA oxidase activity
using Parthasarathy et al. (1970) 51, The total number of
flowers produced from commencement to the end of the
flowering period and total numbers of pods at harvest stage
were recorded in five plants in each treatment for each
replication and the mean value was worked out. The fertility co-
efficient per cent was calculated from flower to pod ratio. The
data obtained from this study, was subjected to statistical
analysis in FRBD as described by Gomez et al. (1984) [,

Results & Discussion

Biochemical characters

Soluble Protein (mg g%)

Proteins in pulses are the main storage product and most of the
soluble proteins act as enzymes which regulate a number of
metabolic activities. Soluble protein content being a measure of
RuBP carboxylase activity is considered as an index for
photosynthetic efficiency. The soluble protein content of leaves
increased from vegetative stage to flowering stage and declines
slightly in pod filling stage (Table 1). Since the soluble proteins
are the first nitrogenous compounds lost during pod filling, a
declining trend in soluble protein was noted at pod filling stage
as reported by Martignone et al. (1987) 22,

The relative efficacy of growth regulators and nutrients
(Nutrient consortia 1- MsTg) on leaf soluble protein recorded
maximum content (15.14, 14.48) followed by Nutrient consortia
2 - M3Ty (14.63, 14.02) at flowering and pod filling stages
respectively and the lowest value was observed in T; (10.51,
9.86). In conformity, increase in nitrogen fixation and enhanced
soluble protein content in groundnut by exogenous application
of plant growth regulators have been reported by Vardhini and
Rao (1999) 4. Similar results were reported in soybean (Zhao
LM and Zheng DF 2008; Raja Mohan, 1989; Kalarani, 1991) [?>
1781, Rice plants treated with plant growth regulators showed
increased amount of soluble protein content over control (Das T
and shukla YM 2011) 2,

Nitrate reductase activity (NRase; pg NO2g™* ht)

Nitrogen assimilation in plants is regulated by nitrate reductase
and its activity plays a constructive role in nitrogen utilization
by the plants through nitrogen metabolism. In the present study,
high NRase activity was found in flowering stage and declined
rapidly during pod filling stage (Table 1). This finding is in
agreement with Sivakumar and Jaya Priya (2017) 20 in
blackgram. Among the treatments, Nutrient consortia - 1 (M3Ts)
produced increased NRase activity (12.44, 9.01) followed by
Nutrient consortia 2 (12.01, 8.84) compared to control. The
increase in NR activity due to plant growth regulators could be
attributed to increased availability of assimilates, enzyme
synthesis and the substrates required for its activity.

IAA oxidase activity (ug of unoxidised auxin g h'1)

The IAA oxidase activity determines the auxin levels and
thereby apical dominance. It represents the amount of
unoxidised auxin content in leaf sample. In this study, IAA
oxidase activity was high in flowering stage and showed a
decreasing trend up to pod filling stage.
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The treatments effectively suppressed the enzyme activity and
maintained higher level of auxin in leaves (Figure 1). The
unoxidised auxin content was significantly increased by the
foliar application of plant growth regulators and nutrients.
Application of Nutrient consortia - 1 treatment (M1Tg) proved to
be superior (85.24, 76.16) in its activity compared to all other
treatments. This finding was in close confirmity with the result
of Han et al. (1988) I, in which foliar application of plant
growth regulators increased IAA synthesis in tobacco. Helmy et
al. (1997) [ also made similar statement, that foliar application
of plant growth regulators had enhanced the auxin content in
broad bean. Foliar application of nutrient consortia treatments
have significantly influenced the auxin content compared to
other treatments.

Yield characters

In almost all the pulses, flower drop limits the yield and yield
attributing parameters (Table 2). The main reason for increasing
yield is reduction of flower and pod drop which is possible
through foliar application of growth regulators as well as
nutrients during flower initiation and pod development stages. It
is well known that in pigeonpea around 70-96 per cent flowers
are abscised leading to poor yield and carry approaches to
facilitate the abscission help in achieving potential yield. The
flowers and pods of the inflorescence may not receive enough
assimilates from the leaf due to inadequate in pigeonpea
(Begum et al., 2007) [61,

The present trial concludes that foliar application of nutrient
consortia mixture at flower initiation and pod formation stages
have reduced flower drop due to efficient translocation of
photosynthates from source to sink. The maximum number of
flowers per plant was recorded in MsTg (52.30) followed by
M,Tg (51.88) and minimum was in control (38.16). Similar
results of reduction in flower drop due to foliar application of
Pulse Magic have been reported by Teggelli et al. (2016) 2?1 in
pigeonpea.

The results of present trial are in agreement with the findings of

Marimuthu and Surendran (2015) 24 in blackgram.
Number of pods per plant has significance in contributing to the

output of seed. The foliar treatment, Nutrient consortia 1 (M3Ts)
invariably resulted in maximum number of pods per plant
(18.05), maximum 100 - seed weight (11.12 g) and higher
fertility coefficient (34.50%) followed by M,Ts (17.60, 10.95 g
and 33.92 % respectively) and it might be due to the application
of PGR and nutrients at flowering and pod formation stage
which has helped in more translocation of photosynthates to the
developing pods which in turn helped in better filling of grains.
Similarly, the influence of NAA on the fertility coefficient was
reported by Karan Singh (1989) % in chickpea. Sujatha (2001)
121 reported that application of 40 ppm NAA increased the
fertility co-efficient in green gram. Kulkarni (1988) [*8] pointed
out that foliar application of NAA significantly increased the
100 seed weight in soybean. The results of present
investigations are in line with the findings of Vijaysingh et al.
(2017) 231 that foliar application of Pulse Magic and nutrients
enhanced yield in blackgram and soybean.
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Fig 1: Effect of growth regulators and nutrients on IAA oxidase activity (ug of unoxidised auxin g hr-1) in determinate pigeonpea (ICPL 11255) at
different growth stages.

Data are means of three replicates along with standard error
bars. M1: Control, M,: Mepiquat chloride @ 500 ppm and Ms:
Chlormequat chloride @ 500 ppm at Vegetative stage. Ti:
Control, T,: Salicylic acid (100 ppm), Ts: Brassinosteroid (0.1

ppm), T4: NAA (40 ppm), Ts: ZnSO4 (0.5 %) + HsBO; (0.3%),
Te: MAP (2%), T7: TNAU Pulse Wonder (1%), Ts: Nutrient
consortia - 1, Te: Nutrient consortia — 2 at flower initiation & 15
days thereafter.

Table 1: Effect of growth regulators and nutrients on soluble protein content (mg g*) and nitrate reductase activity (umol NO2 g h') in determinate

pigeonpea (ICPL 11255) at different growth stages

Soluble protein content (mg g1) Nitrate reductase activity (umol NO2 g* ht)
Treatments Flowering stage (55 DAS) Pod filling stage (75 DAS) | Flowering stage (55 DAS) | Pod filling stage (75 DAS)
M1 M2 Ms |Mean| M: M2 Ms | Mean| M1 M2 Ms |Mean| Mi M2 Ms | Mean
T Control 10.51 | 11.15 | 11.41 | 11.02 | 9.86 | 10.57 | 10.75 | 10.39 | 9.16 | 9.94 [10.21] 9.77 | 6.75 | 7.30 | 7.65 | 7.23
Tzzaagécggﬁsc'd 11.13 | 12.36 | 13.38 | 12.29 | 10.40 | 12.15 | 13.12 | 11.89 | 10.25 | 10.56 |11.00|10.60 | 7.33 | 7.86 | 8.31 | 7.83
Ts: '3(53515;)“;;:)”0"1 12.48 | 13.80 | 13.88 | 13.39 | 11.46 | 11.55 | 11.99 | 11.67 | 10.34 | 10.69 |11.16|10.73| 8.13 | 8.29 | 851 | 8.31
T: NAA (40 ppm) | 12.98 | 13.59 | 14.13 | 1357 | 12.76 | 13.03 | 13.19 | 12.99 | 9.77 | 10.38 [10.74| 10.30| 7.24 | 8.16 | 8.24 | 7.88
Ts: ZnSO4 (05%) + 14 57 | 1951 | 13.97 | 12.68 | 10.89 | 1250 | 13.11 | 12.47 | 9.71 | 10.06 |10.39| 10.05 | 6.96 | 7.52 | 7.98 | 7.49
HsBOs (0.3%)
Te: MAP (2%) | 12.62 | 13.36 | 13.59 | 13.19 | 11.30 | 12.16 | 12.42 | 11.96 | 9.68 | 10.14 [10.56| 10.13| 7.05 | 7.56 | 8.14 | 7.58
T7 TNAU Pulse
Wonder (196) | 1249 | 13.92 | 1417 | 13.53 | 12.06 | 13.20 | 1359 | 1295 | 10.74 | 11.03 |115011.09| 8.01 | 837 | 867 | 835
Tt NUITentconsortia 13,10 | 14.44 | 15.14 | 14.23 | 12.34 | 1312 | 14.48 | 1331 | 1156 | 11.96 [12.4411.99 | 837 | 891 | 9.01 | 876
E N“t”e_”;w”s"”'a 12.92 | 14.24 | 14.63 | 13.93 | 12.04 | 1352 | 14.02 | 13.19 [11.23 | 11.60 [12.01|11.61| 8.17 | 8.74 | 8.84 | 858
Mean 12.20 | 13.26 | 13.81 | 13.09 | 11.46 | 12.42 | 12.96 | 12.28 | 10.27 | 10.71 [11.11]10.70 | 7.56 | 8.08 | 8.37 | 8.00
Factors M T MxT M T MxT M T MxT M T MxT
SEd 0.09 | 0.16 0.28 0.09 | 0.16 0.27 0.07 | 0.12 0.21 0.09 | 0.15 0.26
CD (P:0.05) 0.19 | 0.32 0.56 0.18 | 0.31 0.54 0.14 | 0.24 NS 0.17 | 0.30 NS

* My — Control, M2 - Mepiquat chloride @ 500 ppm and M3 - Chlormequat chloride @ 500 ppm at Vegetative stage
*T1to To (2 sprays: at flower initiation & 15 days thereafter)

Table 2: Effect of growth regulators and nutrients on yield characters in determinate pigeonpea (ICPL 11255) at different growth stages

Treatments Number of flowers per plant| Number of pods per plant 100 seed weight (g) Fertility co- efficient (%)

M [ M2 [ Mz [Mean [ M: | M2 [ Ms [Mean| M: | M2 [ M3 [Mean| M: [ M2 | M3 [Mean

T1: Control 38.16 | 41.13 | 42.21 | 40.50 | 38.16 | 41.13 | 42.21 | 40.50 | 38.16 | 41.13 | 42.21 | 40.50 | 38.16 | 41.13 | 42.21 | 40.50

Tz Sa"cg:)'r‘;;‘c'd (100 | 4479 | 45.68 | 49.39 | 46.62 | 44.79 | 45.68 | 49.39 | 46.62 | 44.79 | 45.68 | 49.39 | 46.62 | 44.79 | 45.68 | 49.39 | 46.62
Ta: Brass:g”ponit)ero'd O] 4262 | 43.26 | 44.96 | 43.61 | 42.62 | 43.26 | 44.96 | 43.61 | 42.62 | 43.26 | 44.96 | 43.61 | 42.62 | 43.26 | 44.96 | 43.61
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T+ NAA (40 ppm) | 44.26 | 46.32 | 47.12 | 45.90 | 44.26 | 46.32 | 47.12 [ 45.90 | 44.26 | 46.32 | 47.12 | 45.90 | 44.26 | 46.32 | 47.12 | 45.90
- 0

Ts.ggggggg:g(ys) T 141,01 | 42.43 | 42.47 | 4227 | 41.91 | 42.43 | 42.47 | 42.27 | 41.91 | 42.43 | 42.47 | 42.27 | 41.91 | 42.43 | 42.47 | 42.27
Te: MAP (2%) 39.41 | 43.95 | 44.45 | 42.60 | 39.41 | 43.95 | 44.45 | 42.60 | 39.41 | 43.95 | 44.45 | 42.60 | 39.41 | 43.95 | 44.45 | 42.60

Tz TNAU(lp(;:)SEWO”der 47.97 | 47.80 | 48.93 | 48.23 | 47.97 | 47.80 | 48.93 | 48.23 | 47.97 | 47.80 | 48.93 | 48.23 | 47.97 | 47.80 | 48.93 | 48.23
Te: Nutrient consortia - 1| 50.19 | 51.88 | 52.30 | 51.46 | 50.19 | 51.88 | 52.30 | 51.46 | 50.19 | 51.88 | 52.30 | 51.46 | 50.19 | 51.88 | 52.30 | 51.46
To: Nutrient consortia - 2| 48.38 | 49.05 | 49.62 | 49.02 | 48.38 | 49.05 | 49.62 | 49.02 | 48.38 | 49.05 | 49.62 | 49.02 | 48.38 | 49.05 | 49.62 | 49.02
Mean 44.19 | 45.72 | 46.83 | 45.58 | 44.19 | 45.72 | 46.83 | 45.58 | 44.19 | 45.72 | 46.83 | 45.58 | 44.19 | 45.72 | 46.83 | 45.58

Factors M T MxT | M MxT | M T MxT | M T MxT

SEd 032 | 056 | 097 | 010 | 017 | 029 | 007 | 012 | 021 | 032 | 055 | 096

CD (P:0.05) 065 | 113 | 195 | 020 | 034 | 059 | 014 | 025 | 043 | 064 | 111 NS
Conclusion 13. Nicholas JC, Harper JE, Hagman RH. Nitrate reductase

The plant performance is attributed to the genetic factors which
are controlled by the differences in the biochemical reactions
undergoing in plants that ultimately decide the plant growth and
development and the final yield. It is concluded from the present
study that, application of combined formulation of hormones
and nutrients present in the nutrient consortia at flowering and

pod formation stage have

influenced the photosynthetic

efficiency and resulted in higher yield.

References

1.

10.

11.

12.

Bhuiyan MAH, Khanam D, Ali MY. Chickpea root
nodulation and vyield as affected by micronutrient
application and rhizobium inoculation. International
Chickpea and Pigeonpea Newsletter. 1999; 6:28-29.

Das T, Shukla YM. Effect of brassinolide on biochemical
constituents in rice (Oryza sativa L.) under salinity stress.
The Asian J Exp. Chem. 2011; 6(1):22-5.

FAOSTAT. http://www.fao.org/faostat/en/#data/QC.
August, 2018.

Gomez KA, Gomez AA. Statistical procedures for
agricultural research. John Wiley & Sons, 1984,

Han M, Grunstein M. Nucleosome loss activates yeast
downstream promoters in vivo. Cell. 1988; 55(6):1137-45.
Helmy YI, Sawan OMM, Abdel Halim SM. Growth, yield
and endogenous hormones of broad bean plants as affected
by brassinosteroids. Egyptian J Hort. 1997; 24(1):109-115
Jukanti AK, Gaur PM, Gowda CL, Chibbar RN. Nutritional
quality and health benefits of chickpea (Cicer arietinum
L.): a review. British Journal of Nutrition. 2012; 108:S11-
26.

Kalarani MK. Senescence regulation in soybean (Glycine
max (L.) Merrill). M. Sc. (Agri.) Thesis. Tamil Nadu
Agricultural University, Coimbatore, 1991.

Karamanos AJ, Gimenez C. Physiological factors limiting
growth and yield of faba beans. Present status and future
prospects of faba bean production and improvement in the
Mediterranean countries, 1991, 79-90.

Lowry OH, Rosebrough NJ, Farr AL, Randall RJ. Protein
measurement with the Folin phenol reagent. Journal of
biological chemistry. 1951; 193:265-75.

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. Cogent
Food & Agriculture. 2015; 1(1):1010415.

Martignone RA, Guiamet JJ, Nakayama F. Nitrogen
partitioning and leaf senescence in soybean as related to
nitrogen supply. Field Crops Research. 1987; 17(1):17-24.

01

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

activity in soybeans. |. Effects of light and temperature.
Plant Physiology. 1976; 58:731-735.

Ojehomon, Ojeaga O. Fruit Abscission in Cowpea, Vigha
unguiculata (L.) Walp: 1. Distribution Of 14c-Assimilates
In The Inflorescence, And Comparative Growth Of Ovaries
From Persisting And Abscising Open Flowers. Journal of
Experimental Botany. 1972; 23(3):751-61.

Parthasarathy K, Balu DRC, Rao PS. Studies on sandal
spur. VII. Polyphenol oxidase activity and metabolism of
sandal (Santalum album) in healthy and diseased. Proc.
Indian Acad. Sci. 1970; 72:277-284.

Rahman MH, Islam MA, Begum S. Comparative analysis
of pod yield between wild and cultivated pigeonpea
(cajanus cajan) genotypes based on floral abscission, 2007.
Raja Mohan K. Studies on the effect of plant growth
regulators in soybean (Glycine max. (L.) Merrill). M. Sc.
(Agri.) Thesis, 1989.

Ravi kumar GH, Kulkarni GN. Effect of growth regulators
on seed quality in soybean genotypes (Glycine max L.).
Seeds Farms. 1988; 14:25-8.

Singh K. Hormonal regulation of reproductive phenomena
and yield in chickpeas. Ann. Plant Physiol. 1989; 3:105-15.
Sivakumar R, Jaya Priya S. Effect of PGRs and nutrients on
growth, physiological parameters and yield of Vigna mungo
L. under saline stress. Inter J Plant & Soil Sci. 2017;
18(6):1-0.

Sujatha D, Prakasa Rao JS. Effect of growth regulators on
growth parameters and vyield of fingermillet (Eleusine
coracane L.). Madras Agric J. 2001; 88:320-322.

Teggelli RG, Salagunda S, Ahamed BZ. Influence of pulse
magic application on yield and economics of transplanted
pigeonpea. Int J Sci Nat. 2016; 7(3):598-600.

Thakur V, Patil RP, Patil JR, Suma TC, Umesh MR.
Influence of foliar nutrition on growth and yield of
blackgram under rainfed condition. Journal of
Pharmacognosy and Phytochemistry. 2017; 6(6):33-7.
Vardhini BV, Rao SS. Effect of brassionosteriods on
nodulation and nitrogenase activity in groundnut (Arachis
hypogaea L.). Plant growth regulation. 1999; 28(3):165.
Zhao LM, Zheng DF. Effects of Different Plant Growth
Regulators (PGRs) on Protective Enzyme Activity and
Metabolism Assimilation in Soybean Leaves [J]. Acta
Agriculturae Boreali-Sinica, 2008, 3.

161



