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Abstract: A phytohormone may be defined as an organic substance other than a nutrient active in very minute
amounts which is formed in certain parts of all plants and which is usually translocated to other sites, where it
evokes specific biochemical, physiological and morphological responses. The gaseous plant hormone ethylene
modulates many internal processes and growth responses to environmental stimuli. Ethylene is known to exert its
effects by altering gene expression both at transcriptional and post-transcriptional level. Ethylene has long been
recognized as a growth inhibitor, but evidence is accumulating that ethylene can also promote growth. Therefore,
the concept of ethylene as a general growth inhibitor needs reconsideration. Different authors screened various con-
centrations viz. 100 ppm, 150 ppm which promotes the plant growth in groundnut, soybean, mustard, barley, pigeon-
pea etc. The lower concentration of ethylene (100ppm) has increased the yield by 17 percent in pigeonpea. It in-
creased the yield by manipulating source-sink relationships and flower retention The present study highlights the
various processes of growth stimulated by ethylene and its use in enhancing yield of various crop species. It could
be inferred that lower concentration of ethrel sprayed at pre-flowering stage promoted the growth and yield of vari-
ous crops (barley, corn, groundnut, pigeonpea, soybean etc.).
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INTRODUCTION character, but several studies have indicatedpiaait
height is either increased or decreased by theicappl
tion of synthetic plant growth regulators. Depeigdin
upon the plant material and state of development,
promotory or inhibitory effects of ethylene on gtbw
have been observed in soybean (Camgiad., 2010)
and pigeonpea ( Pahwhal., 2012).

Ethylene belongs to the hydrocarbon group of ofefin
which exist in the gaseous state under normal physi
logical conditions. Its effects on various physgtal
processes at different stages of plant growth avelel
opment have been documented (Klearal., 2000a).

Ethephon is a synthetic plant growth regulator thatReduction in plant height through foliar applicatiof

undergoes chemical biodegradation at pH greater thagy e has been reported in winter wheat (Van Sanfo
4.1 in cell cytoplasm to release ethylene. Theafse o 5 ' 19g9) radish (Vreugdenhil and Harrow, 1989),
ethephon as a growth retardant has been shown fq[,in (ortunoet al., 1993), arabidopsis (Smalkt al.,
controlling lodging of cergal and grain crops. Eﬂm 1997), barley (Sanvicengt al., 1999), jatropha (Joshi
has also been found to impart tolerance againstrwat et al., 2011), pigeonpea (Pahwa, 2013). The reduced
stress and increasing the productivity of mUStardplant,height,due to ethrel applicétion might be tuie

(Bras@icajqncea L.) (Khanet aI_., 2000b). S its inhibitory action on auxin transport. Ethyleisean
Ethylene is generally considered growth inhibitory inhibitor of cell division, cell expansion and tsport

with the triple response of dark grown seedlings f of auxin, which presents expressive effects on the
discovered irPisum sativum, as the classical example. .. ction of stem growth in length: however it
In Arabldops_a t.h'.s. response consisted of a thickened provides its radial expansion and horizontal oaéonh
hypocotyle, inhibition of hypocotyle and root elang (o ¢ a1, 2001). Joshet al., (2011) opined that eth-
e ot encs oo oy iene hibicd sem olongain in e green e
9 P 9 of jatropha was either by inhibiting basipetal 1AA

-induced stimulation of growth. Germination, flower y.»nqi0cation or by affecting IAA metabolism or sem
ing, vegetative development, maturation Senescencginer auxin independent action

anq response to pathogen are some of _the prodesses Number of branches. Number of branches are indica-
which regulation involves ethylene (Matilla, 2000). tors of pod bearing capacity of a plant. Pod load

Plar)t height is an import_ant morpho_logical chamacte ogaplishment is dependent on number of primary
Basically, plant height is a genetically controlled
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branches. Improvement in this characteristic is anindicate the optimum physiological growth of a crop
indicative of pod load establishmeffhe branches per that produces maximum yield. Crop productivity is
plant increased due to application of PGRs. Thidcco mainly determined by crop growth rate (CGR) which
be the result of increased metabolic and divisionaldepends on leaf area index (LAI) and the rate ot@h
activities in shoot apical meristem. Several phglsic synthesis. The increase in CGR at a particularestag
genetic and chemical factors are known to exeiit the depicts the plant responses to the PGRs at thatyar
influence on meristematic activity in shoot apical lar stage and the maximum efficiency of the crop
meristem. A specific balance of gibberellins, asxin growth can be attained. Increased CGR by growth
and cytokinins is known to exert their influence on retardants and promoters sprayed at particularestag
meristematic activity in shoot apical meristem ¢Trai was observed by Prabhu (2000). Rahrezad ., (2004)
and Zeiger, 2006). Maximum increase in number ofconcored that increase in CGR due to the applicatio
branches by ethrel treatment might be due to itibibi  of growth regulators was certainly the result of
of apical bud dominance and breaking of lateral budincrease in dry matter production with time course.
dormancy (Camposst al.,, 2010). An increase in Karim and Fattah (2007) reported that peak valdes o
ethylene level was observed after removing apiodl b CGR were found during pod development stage and
in soybean plants, which provided higher cytokinin foliar application of growth regulators was most
content to the development of lateral buds and éenceffective in increasing CGR as compared to control.
increase in number of branches (Tancredi, 2004). Ethrel and Photosynthetic efficiency

Leaf area: Leaf area is determined by phenology, Chlorophyll content: Pigments such as chlorophylls
stem morphology, rates of leaf emergence and potenare needed by plants to absorb sufficient amount of
tial leaf size. Saxenet al., (2007) also found a signifi- light through photosynthesis. During leaf developtne
cant increase in leaf area at all stages with gfdiaa-  the level of pigments in the leaves increases doige

tion of lower concentration of ethrel. Ethrel when energy through photosynthesis. Chlorophyll is an
sprayed at pre-flowering stages has a positiveeffie ~ important bio-constituent for productivity of theop

cell division leading to enhanced leaf expansiomaflL ~ plants. Chlorophyll catabolism is the first step o
area increased with increase in time to a maximumdegeneration during senescence but most if natfall
coinciding with maximum top growth and steady enzyme machinery is present in the cell at a Hasel
decline at later stages (Jirali, 2001). An increase before senescence begins. In soybean ethephon
number of leaves and leaf area per plant of mustardielayed the phenological cycle of the crop and
plants following ethephone application was observedmaintained high chlorophyll content in the endioé

by Lone 2001, Mir 2002 and Migt al., 2009. How- crop cycle, (Campos et al.,, 2010). The
ever, Bhatt al., (2010) reported that lower concentra- non-degradation of chlorophyll on the tissue main-
tion of ethrel at specific stage promoted expangibn tained them photosynthetically active, thus, pdong
primary leaves, while higher concentration showed alarger quantity of organic matter to grain fillingad-
reduction in the area of mustard leaves. Applicatb  ing to the formation of heavier grains, and conse-
ethrel (100 ppm) at pre-flowering stage increasesl t quently, increased grain productivity. Similar rfésin

leaf area in pigeonpea (Pahwa, 2013). soybean were reported by (Dew011). Significant
Leaf area index (LAI): Photosynthesis depends upon increase in the chlorophyll content Bfassica napus

leaf area index besides the canopy structure aotbph leaves following ethrel application (500ppm) was
synthetic rate. Shekoofa and Emam (2008) reponted areported by Grewalt al., (1993). The exogenous
increased leaf area index by ethrel treatment isatth  application of ethrel in pigeonpea enhanced chloro-
Mir et al (2008) observed that foliar application of phyll synthesis considerably (Pahwa, 2013).

ethephon with 80 kg N/ha increased LAI, net photo- Chlorophyll kinetics: Chlorophyll fluorescence is
synthesis rate, chlorophyll content and stomatal-co widely accepted as an indication of the energetic
ductance in brassica. (Devi, 2011) also reported arbehavior of a photosynthetic system. Photosynthetic
increase in leaf area index following ethrel apgdiion activity was studied in terms of quantum yield (Aw)

in soybean. and total chlorophyll. The Fv/Fm ratio can be cdnsi
Dry weight: Increase in yield due to growth retardants ered as a measure of the quantum efficiency of the
could be attributed to an increase in partitionfg  electron transport in PSIl. By measuring the yiefd
assimilates towards developing sink. Significant in chlorophyll fluorescence, information about chaniges
creased dry matter accumulation following ethephonthe efficiency of photochemistry and heat dissiati
treatment was observed in wheat (Shekoofa andtan be obtained. Increased chlorophyll fluorescence
Emam, 2008), mustard (Mat al., 2008) and pigeon- was observed in leaves of ethrel treated pigeonpea
pea (Pahwat al., 2012). genotypes (Pahwa 2013).

Crop growth rate (CGR): CGR is a useful growth Photosynthesis: The production of biomass and final
parameter for estimating the production efficierdy yield of pulse crops can largely be accounted for b
crop stand and it enables to make comparisongphotosynthesis during growth and maturation. It is
between the aspects of study. Increased CGR and NARBenerally considered that for high yield, high mhot
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synthetic potentials are necessary. Net photosgisthe PPM at flower initiation stage increased the ugtak
increased from vegetative to flowering stage ahth N, P and K in soybean plants (Sireg al., 1987).
declined towards maturity. Miet al (2010) reported Ethephon had a strong effect on cultivar N use
that the induction of ethylene biosynthesis might b €fficiency and in particular on the role of N uptak
associated with the application of ethrel, whichais €fficiency in winter wheat (Van Sanfoed al., 1989).
known source of ethylene. This effect of ethrel fed Use of ethephon resulted in an increased uptake of
the emergence and formation of leaves with enhance@utrients in barley (Bulman and Smith, 1993) and
total leaf area of plant. Higher leaf area resulted Indian mustard (Kharet al., 2000). Under non irri-
more solar radiation being retained and enhanced nedated conditions ethrel sprayed mustard plantizedil
photosynthetic rate (Pn) and total dry matter poadu N from the soil more effectively and showed inceshs
tion. The increase in photosynthesis with ethres ha Nitrogen harvest index and nitrogen yield merit (Mi
also been reported both by Pua and Chi (1993) an@002 and Miret al., 2009c).

Khanet al (2000b) in mustard. Exogenous application Yield and yield attributing parameters

of ethrel enhanced photosynthesisBofissica juncea ~ Pod number/pod set percentage: Solaimalaiet al.,
under irrigated and non- irrigated conditions (Khan (2001) observed a significant increase in number of
2004). The dry matter produced was efficiently Panicles per plant in rice in response to plantwgno
translocated towards the developing pods resulting regulators. They suggested that this increase could
increase in the seed vyield. have resulted due to enhanced supply of assimilates
Stomatal conductance: Kumar et al (2005) reported ~towards developing reproductive structures. In
that increase in rate of photosynthesis in cottasdue  Cchickpea, increased pod set percentage due torhighe
to increased stomatal aperture, which facilitateremo Number of pods in treated plants has been obsdyed
CO, conductance. Enhanced stomatal conductance at'gone (2001). Beneficial effects of ethrel on pod
range of ethylene concentrations stimulated photosy Number of mustard has also been reported by (Khan
thesis (Pieriket al 2006). Increased stomatal conduc- & 2000, Mir, 2002 and Miet al., 2009b). Ethrel im-
tance due to foliar application of ethrel has disen  Proved the pod set percentage in pulses by retainin
observed in pigeonpea (Pahwa, 2013). maximum number of flowers/plant (Saxemt al.,
Photosynthetically active radiations: Photsyntheti- 2007). Similar effect of ethylene was observed iin p
cally active radiation (PAR) is a measure of radimt ~9eonpea by Pahwa (2013).

available for photosynthesis. It is well known that Seed weight: Foliar application of ethrel at 200 ppm
plants vary in response to radiations of differeave- ~ concentration increased 1000 grain weight in soybea
lengths within the canopy. Mean sunlight irradiance ~ (Singhet al., 1987, Saxenet al., 2007). Application at
the proportion of sunlight on leaf surface dimisistas ~ flowering stage of Indian mustard also increasestise
an exponential function of leaf area index. Chariges Weight (Singh and Kumar, 1991). Ethephon applica-
radiation quantity also occur largely due to thectml  tion also increased 1000-seed weight in oniéltim

properties of leaf pigments, leading to a reducfion Cepa L.) compared to control (Singét al., 1995).
the red/far red ratio as light penetrates the canop However, Grewalet al., (1993) observed that ethrel

(Guiametet al., 1989). In this respect there are severaltreatment resulted in detrimental effect on 100&dse

evidences that potentiate the climate of canopygha Weight inBrassica napus, while Ramost al (1989) in
under the influence of growth regulators, whichgri  barley, Kharet al., (2000); Miret al., (2008) and Mir
about a desirable modification in PAR (Mathasl., € a. (2009 b,c) in mustard, Coffelt and Howell
1989). Grewal and Kolar (1990) in their experiment ~ (1986) in pea nut failed to observe any increase i
Brassica juncea reported that application of ethrel 1000 seed weight in response to the foliar appdinat
(500, 1000 and 1500ppm) had negative impact on pAROf ethephon. Pahwa (2013) also reported an inciease
interception, while ethrel application increasec th Seed wight due to foliar application of ethrel ae-p
PAR in mustard under non-irrigated conditions (Lone flowering stage in pigeonpea.

2001). Seed yield: Increase in the seed yield of mustard in
Nutrient uptake: Plant growth regulators are known response to ethrel has been reported by Gretall,

to influence ion transports and have special effect ~ (1993); Khan (1996; 1998) and Singh and Kumar
membrane properties and functions. Growth reguator (1991). Joshiet al., (1987) also reported increase in
have affiliated with reinforcement of assimilatarts- ~ Seed yield in ground nut(achis hypogea L.) when
location in established sink-source systems (Thomastreated with ethrel. Foliar application of ethreh o
1986; Patrick and Steains, 1987). Desirable inerms ~cauliflower increased the seed yield per plant G 3
the produce of field crops was due to alteratiothn ~ PPM Wwhile it was adversely affected at higher
trends of assimilate distribution (Addo-Quageal., ~ concentration (Jana and Kabir, 1991). Ethephon
1986). The allocation of newly fixed carbon in ie-d  treatment significantly increased grain yield inrrco
ferent metabolic products influenced the partitignof ~ (Kaseleet al., 1995) and barley (Bulman and Smith,

carbon growth activity of the whole plant (Champign 1993). Saxenat al., (2007) reported that increased
1985). Foliar application of ethrel at the rate 2600 seed yield with PGRs has been obtained due tceearli
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retention of more number of flowers and shift in REEERENCES
balance of dry matter towards pods thereby favgurin o _
the increased pod setting in chickpea. Signifigantl Addo-Quaye, A. A., Scarisbrick, D. H. and Daniel, W.

; : ; (1986). Assimilation and distribution of*C photosyn-
maximum tuber yield was reported in ethrel treated thate in oilseed rap@(assica napus). Field Crop Res.

plants as compared to control (Birleal., 2009). 13:205-215.

The growth regulators have been found to engage ifghat M. A, Mir, M.R., Khan, N. A.. Lonr, N. A., BhaK.
assimilate translocation towards reproductive pafts A., Razui, S. M., Hayat, S., Payne, W. A., Akhtar, S
plants. Lower concentration of ethrel improved giel and Wani, S. A. (2010). The role of ethrel in plant
of Brassica (Mir et al., 2010) andPisum sativum growth and development under different environmenta
(Perry, 2014). Bhatt al., (2010) also reviewed that conditions.Int. J. Curr. Res. 4:4-13.

foliar application of ethrel in various crops impeal ~ Birbal, W,, Singh, R. K., Kumar, V. and Kushwah, V. S
yield contributing traitsiz. number of pods/plant, seed googl). Effect (éf FollharYAplzllcatéor; of Zlant G“EWt
number, 100-seed weight by manipulating source-sink egulators on Growth, Yield and Post Harvest Losses

relationship. Dev{2011) reported that foliar ?g)i?;ato Bolanum tuberosum). Ind. J. Agric. S, 79

application of ethrel exerted a signifiqant effamnt ~ Bulman, P. and Smith, D. L. (1993). Yield and grpiotein
growth of soybean plants when applied at specific response of spring barley to ethephone and trigfdime

time. It increased the yield of soybean by incnegsi Crop <ci., 33:798-803.

number of retained flowers, pods/plant and 100-seedCampos, M. F. D., Ono, E. O. and Rodrigues, J. D1@2
weight by manipulating source-sink relationship. Soybean plant architecture and plant growth regrdat
Quality parameters. Plant growth regulators have application.Pesquisa Aplicada and Agrotechnologia, 3
been found to influence significantly the protetme (1): 161-68.

: . : Champigny, M. J. (1985). Regulation of photosyntleate
tent in crop plants (Yangt al., 1994; Kulkarniet al., bon assimilation at the cellular level: are vie®hoto-

1995). They have also been implicated in the coofro synthesis Res,, 6: 273-86.
protein allocation among plant organs and accumula-COffen, T. A. and Howell, R. K. (1986). Effect ofheél seed

tion in developing cereal grains (Oritant and Yidah treatment on growth, yield and grade of two Virgini
1971). Soluble proteins increased with the appboat type peanut cultivar®eanut Sci., 13: 60-63.

of ethrel during initial stages of pod developmbnt Coll, J. B., Rodrigo, G. N., Garcia, B. S. and TamesSR.
declined later in ground nutAfachis hypogea) (2001). Etileno y poliaminas,. In: Coll J B, Rodrigo
(Sharmaet al., 1982). Grain protein concentration N, Garcia B S, Tames R S (Edbjisiologia Vegetal.
increased (Morris et al., 1989; Van sanforckt al., Madrid: Ediciones Piramide, p. 357-67.

. Devi, K. N. (2011). Effect of bioregulators on grthwyield
1989) or remain unaffected (Pearseiral., 1989) by and chemical constituents of soybe@ty€ine max). J.

ethephon treatment. Ethrel treatment has been faund Agric. SGi., 3 (4):151-159,

increase protein content and efficient incorporatid Grewal, H. S. and Kolar, J. S. (1990). Responggrasica
amino acids into proteins in wheat (Sekhon and Iging Juncea to chlorocholine chloride and ethrel sprays in
1994). Ethephon application increased protein cdnte association with nitrogen applicatiod. Agric. <ci.,

in seeds of pigeonpea genotypes. SDS-PAGE of  114:87-91.

treated as well as controlled pigeonpea plantswetlo  Grewal, H. S., Kolar, J. S., Cheema, S. S. and5igy
more dense bands and number of bands were also (1993). Studies on the use of growth regulatoreela-

maximum in treated plants. This indicated that eithr tion to nitrogen for enhancing sink capacity aneldiof
Sprayed at specific stage promote biochemical agng ggplh':arson Brassica napus). Ind. J. Plant Physiol.,
In pigéonpea (PahWa' 201.3)' Guiamet, J. J., Willemoes, G. and Montaldi, E. Ra8@).
Ethrel and anatomical studies: Kaur (1990) observed Modulation of progressive leaf senescence by tie re
increase in the diameter of the pedicel of flowéthw far-red ratio of incident light.Botanical Gazzette,
ethrel treatments. The area of the main transbogat 150:148-51.
tissue i.e. phloem increased significantly in dthre Jana, B. K. and Kabir, K. (1991). Effect of ethrel seed
treated plants. Similar effect of plant growth riegors production of cauliflowercv. Dania. Crop Res. 4:222-
on translocatory tissue was observed in pigeongyea b~ 224. S _
Pahwa (2013). Jirali, D. . (2001).Physiological investigation in turmeric
(Curcuma longa L.). Ph.D. Thesis, University of Agri-
Conclusion cultural Sciences, Dharwad.

) ) ) ) Joshi, G., Shukla, A. and Shukla, A. (2011). Syistig
From the above information it can be inferred that response of auxin and ethylene on physiologyatfo-

ethylene has not only inhibitory role but it caimst- pha curcas L. Brazilian Society Plant Physiol. 23 (1):67
late the growth of all plants. Its stimulatory actiis -77.

dose as well as stage dependent. So, the futwwargks  Joshi, R. K., Mishra, S. D. and Gau, B. K. (1987hdeictiv-
can be highlighted upon revealing the internal lethgy ity of dormant groundnut as affected by ethrel had-

levels at various growth stages and manipulatirg th zyladeninelndian J Agric. Sci., 57: 179-182.
9 9 P Y Karim, M. F. and Fattah, Q. A. (2007). Growth as&yof

Samewa:je_xtern_al S(?urce_slc()j_that yield plateau can be chickpeacv. Bari Chhola-6 as affected by folar sprey of
achieved in various low yielding crops. growth regulatorsBangladesh J. Bot., 36 (2):105-10.
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