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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 the plant and which
is usually translocated to other sites, where it evokes specific biochemical,
physiological and morphological responses. Hormones are effective at internal
concentration of about 1 uM, where as other metabolites necessary for growth and
development are usually present at concentration 1 to 50 uM. The most commonly
used and best understood group of plant growth hormones consists of those which
regulate the production of ethylene. Ethylene is the simplest olfin, which exists in the
gaseous state under normal physiological conditions. It is colourless with ether like
smell and is lighter than air. It is also highly flammable and more soluble in water than
air O, or N,. Ethylene is known to exert its effects by altering gene expression both at
transcriptional and post transcriptional phases. Ethrel is versatile ethylene releasing
agent have remarkable marketed value and registered for several crops. It is involved in
a diverse array of cellular, developmental and stress-released processes in plants. Ethrel
reduces the problem of pod shattering by restricting the flower and pod abortions. It
also improves the crop by manipulating source/sink relationship at pod development
stage. In this study a number of examples of the role played by ethrel in the growth
and development of plants are described; plant height, leaf number, leaf area, leaf area
index, dry weight, chlorophyll, photosynthesis, photosynthetic active radiation, nutrient
uptake, seed yield, biological yield, harvest index, oil yield, amino acid content,
protein content and fatty acid. So the present study indicates that the process of growth
and development in addition to the yield of plants is significantly affected by the ethrel
in both irrigated and non -irrigated conditions.

© Copy Right, 1JCR, 2010 Academic Journals. All rights reserved.

INTRODUCTION

The other ethylene releasing compounds are etacelasil,

Ethrel or ethephon (2-chloroethyl phosphonic acid) is holoethylsulfunic acids, 2-hydroethyle lydrazine (Palmer et

ethylene generating commercial chemical (Warner and
Leopold, 1969). Ethrel is most important and versatile
ethylene —releasing agent marketed and registered for more
than 20 crops. Ethephon is a synthetic plant growth
regulator that undergoes chemical biodegradation at pH
greater than 4.1 in cell cytoplasm to release ethylene
(Urwiler and Stutte, 1986; Kasele et al., 1995). The use of
ethephon as a growth retardant has been shown for
controlling lodging of cereal and grain crops (Davis and
Curry, 1991). Ethephon has also been found to impart
tolerance against water stress and increasing the
productivity of oil seed crop (Khan ez al., 2000).

*Corresponding author: mashrafbhat@gmail.com

al., 1967; Dowlet and Kumamoto, 1972; Lursen, 1982:
Artera, 1997).

Ethylene is a gaseous plant growth regulator involved in
a diverse array of cellular, development and stress related
processes in plants. Prevention of ethylene accumulation in
atmosphere and inhibition of its effects by lowering the
temperature and increasing the CO, concentration are
widespread produce storage practices. Silver ion
also inhibits the ethylene action, acting at the
receptor level (Veen, 1986), is a useful laboratory to (Yang,
1987, Smalle et al., 1987). Cobalt (C02+) has also been
found to inhibit ethylene production and reversed the
effects of ethylene (Samimy, 1978). Mohan Ram and Rina
(1982)
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found to inhibit ethylene production and reversed the
effects of ethylene (Samimy, 1978). Mohan Ram and Rina
(1982) reported the antagonistic properties of Ag NO; and
COCl, on ethylene and application of these compounds
reverse the effects of ethylene in plants of canabis sativa.
Similar results for cobalt chloride and silver nitrate have
been reported by Mhatre et al. (1988). Silver thiosulphate,
an inhibitor of ethylene action completely reversed the
inhibitory effect of ethephon on stem elongation
(Sainewske and Ludhika, 1989). Kortisas (1988); Child et
al. (1988) and Kushad and Pooviah (1984) showed that
aminoethoxy vinylglycine inhibits the biosynthesis of
ethylene. Cyclopropenes and 2,5-norbormadiene have also
been found to be effective antagonists of the ethylene
response (Sisler and Yang, 1984; Sisler et al., 1996a b).

Ethylene is a growth regulator that do not inhibit
gibberellin biosynthesis. Ethylene is the simplest olefin
with molecular formula H,C=CH, exists in the gaseous
state under normal physiological conditions .Its effect on
various physiological processes at different stages of plant
growth and development have been well documented
(Yang and Hoffman, 1984; Reid,1987; Abeles et al., 1992;
Pua and Chi, 1993; Reid and Howell, 1995; Fluhr and
Mattoo, 1996; Khan, 1996, Dolan, 1997; Khan et al.,
2000). Ethylene is known to exert its effects by altering
gene  expression both transcriptional and  post
transcriptional processes (Lincolin and Fischer, 1988).
Dependent on the plant material and state of development,
promoting or inhibiting effects of ethylene on internode
growth has been observed ( Raskin and Kande ,1984;
Sisler and yang, 1984). Physiological conditions like
water stress on drought also promote the ethylene synthesis
in plants (Tudela and Primomillo, 1992; Bergner and
Teichmann, 1993; Michelozi et al., 1995). Ethylene is
important both in normal development, and for plant
response to stress. During normal development, ethylene is
thought to co -ordinate events such as growth and
development, senescence, abscission and fruit ripening
(Yang and Hoffman 1984; Reid, 1987; Abeles et al., 1992;
Pua and Chi, 1993).

Germination, flowering, vegetative development,
maturation senescence and response to pathogen are same

of the process for which regulation involves ethylene
(Essahi, 1991; Mattoo and Suttle, 1991; Kepczymski and
Kepczymka, 1997; Morgan and Drew, 1997; Smalle and
Van Der Stracten, 1997, Matilla, 2000). Ethylene
biosynthesis has been found to increase in response to
wounding, pathogen attack, mechanical stimulation and
drought (Abeles et al., 1992).

Crop Response to Ethrel

Ethrel and growth parameters

1. Plant height

Growth regulators have been found to affect plant height
(Sauerbreg et al., 1987; Guruprassad and Guruprasad,
1988, Dijikstra and Kuiper, 1989; Krisnamorthy, 1993).
Depending on the plant material and the state of
development, promoting or inhibiting effects of ethylene on
internode growth has been observed (Sisler and Yang,
1984; Krishnamoorthy, 1993). Ethephon appreciably
reduced the shoot length of sunflower plants and the
internode elongation (Sauerbrey et al., 1987). Slife and
Earely (1970) applied ethrel to flowering soyabean plants
at 0.56 to 2.24 Kg/ha rates and all the treatments caused a
decrease in plant height.

Foliar application of ethrel at the rate of 500,1000 and
1500ppm reduced plant height in barely (Bulman and
Smith, 1993;  Sanvicente et al, 1999), sunflower
(Sauerbrey et al., 1988), Winter rape (Wareing and Paulips
1981), soybean (Urwiller and Charles, 1986) rice
(Nafziger et al .,1986 ) winter wheat (Van Sanford et al.,
1989), lupin ( Ortuno et al., 1993), Linseed (Leitch and
Kaut, 1999), radish (Vreugdenhil and Harrow, 1989),
arabidiopsis seedlings ( Smalle et al., 1997). Contrarily
Jana and Kabir (1991) reported that the application of
ethrel to cauliflower cv. Dania significantly increased plant
height at 300ppm. However, growth was adversely affected
at higher concentration.

2. Leaf number

Ramos et al. (1989) observed ethephon application at
tillering increased both number of ears/plant and per pot in
spring barely (Hordeum Vulgare). Ethrel was found to be
beneficial for increasing the number of leaves per plant of
muatrd Lone (2001). Researchers have observed
controlling effects of ethrel on leaf expansion and
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production of plants with darker green forliage (Shanahan
and Nielsen, 1987; Davis et al., 1988; Butler et al., 1989;
Reddy et al., 1996 Zheu and Xi,
1993; Kulkarni et al., 1995; Zhou and Ye, 1996; Lee and

Sairam et al., 1989;

Reid, 1997; Hussain ef al., 1999).
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3. Leaf area

Ehtylene has been shown in influence leaf exapnsion by
suppressing cell enlargement rather than division (Kieber et
al., 1993; Rodriguez pousida et al., 1993). Ethephon
treatment reduced leaf area as compared to Control plants
in Zea mays (Kasele et al, 1995). However, ethephon
application promoted expansion of primary leaves, while at
higher concentration of ethephon showed a reduction in the
area the primary leaves of Helianthus annus (Lee and Reid,
1997), and in mustard (Lone 2001; Mir 2002 and Mir et
al., 2009a). The application of ethrel (200 nL/L) enhancing
the leaf area (Fig. 1) has been reported from author’s
laboratory.
4. Leaf area index

Singh et al. (1987) working on soybean and Grewal and
Kolar (1990) on mustard reported an increase in leaf area
index in soybean by the application of the ethrel. Flag leaf
area was greater in wheat treated with ethephon over
control but plant leaf area index was not effected by
ethephon (Van Sanford et al., 1989). Khan (1996); Khan et
al. (2000); Lone (2001); Mir (2002); Mir et al. (2008) and
Mir et al. (2009b,c) also reported an increase in leaf area
index in response to ethrel spray in Brassica juncea L.
under irrigated and non -irrigated conditions.
5. Dry weight

The plant growth regulator ethephon influenced the dry
matter significantly in mustard (Khan 1996; Khan et al.,
2000; Lone 2001; Mir 2002, Mir et al., 2008; Mir et al.,
2009a,b), winter wheat (Nafziger et al., 1986; Van
Sanford et al,, 1989) and barley (Simmons et al., 1988).
Dry weight was found improved with ethrel (200 pL/L)
application (Fig. 2) reported from author’s laboratory. The
dry weight of a main stem and root of ethrel treated
mungbean plants was significantly higher (Panwar et al.,
1988). Contrarily to these reports, Urwiler and Stute (1986)
noted decrease in dry weight of soybean plants due to
ethephon treatment.
Ethrel and photosynthetic parameters
1. Chlorophyll

Ethrel at 500ppm significantly increased the chlorophyll
content in leaves of Brassica napus, however, higher doses
of Ethrel (1000 and 1500 ppm) showed determinent effect
(Grewal et al., 1993). The exogenous application of
ethylene in mustard (Sinapis alba L.). Seedlings enhanced
chlorophyll synthesis considerably (Buechler et al., 1978,
Similar results were reported by Lone (2001).
2. Photosynthesis

Growth regulators may be employed to improve the
physiological efficiency of plants by modifying the balance
between photosynthesis and respiration (Arteca and Dong,
1981; Zerbe and Wild, 1981; Makeev et al., 1992).
Increased rates of photosynthesis per unit leaf area have
been observed after the application of growth regulators on
different plant species (Liu et al., 1993; Yang et al., 1994).
Plant growth regulators can effect photosynthetic CO,
uptake either by affecting stomatal aperture or by affecting
the activity of photosynthetic enzymes (Foroulam —pour et
al., 1997). Foliar application of ethephon to spring barely
caused an increase in penultimate leaf photosynthetic rate
(Pua and Chi, 1993). Some reports also indicate that ethrel
application either do not effect photosynthetic rate or had

adverse effect on the parameter. In one of the study of
Subrahmanyam and Rathore (1992a) they found that ethrel
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Fig.3. Effect of ethrel spray at 60d after sowing
(DAS, flowering stage) on rate of photosynthesis (u
mol CO, m?s!) of mustard (Brassica juncea L.)
cultivar Alankar and PBM16 at 80 and 100 DAS.

application had no significant effect on photosynthesis
Indian mustard. However, photosynthesis in upper leaves
and to a lesser extent in lower leaves was lowered by ethrel
application. Exogenous application of ethrel has also been
found to cause 12-18% reduction in photosynthesis
(Subrahmanyam and Rathore1992 a, b; Pua and Chi, 1993).
Studies conducted in the author’s laboratory have shown
that exogenous application of ethrel enhanced
photosynthesis of mustard in irrigated and unirrigated
conditions (Khan, 1996; Khan, 1998; Khan et al., 2000;
Lone 2001; Mir, 2002 and Mir et al., 2009b). The
beneficial effect of ethrel (200 pL/L) in enhancing
photosynthesis (Fig. 3) has been reported from author’s
laboratory.
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3. Photsynthetically active radiation

Photsynthetically active radiation (PAR) is a measure of
radiation available for photosynthesis. It is well known for
that plants vary in response to radiations of different
wavelengths within the canopy. Mean sunlight irradiance
or the proportion of sunlight leaf surface diminishes as an
exponential function of leaf area index. Changes in
radiation quantity also occur largely due to the spectral
properties of leaf pigments, leading to a reduction in the
red/far red ratio as light penetrates the canopy (Holmes,
1981; Ballare et al., 1989; Guiamet et al., 1989). In this
respect there are several evidences that potentiate the
climate of canopy change under the influence of growth
regulators, which bring about a desirable modification in
PAR (Mathias et al., 1989). Grewal and Kolar (1990) in
their experiment on Brassica juncea reported that
application of ethrel (500, 1000 and 1500ppm) had
negative impact on PAR interception. While ethrel
application increased the PAR in mustard in non -irrigated
conditions (Lone 2001).
Ethrel and nutrient uptake

Plant growth regulators are known to influence ion
transports, have special effects on membrane properties and
functions .Growth regulators have affiliated with
reinforcement of assimilate translocation in established
sink —source systems (Thomas, 1986; Patrick and Steains,
1987). Desirable increase in the produce of field crops was
due to alteration in the trends of assimilate distribution
(Addo-Quaye et al., 1986). The allocation of newly fixed
carbon in to different metabolic products influenced the
partitioning of carbon growth activity of the whole plant
(Champigny, 1985). Foliar application of ethrel at the rate
of 200ppm at the flower initiation stage increased the
uptake of N, P and P in soyabean plants (Sing et al., 1987).
Ethephon had a strong effect on cultivatar N use efficiency
and in particular on the role of N uptake efficiency in
winter wheat (Van Sanford et al., 1989). Use of ethephon
result in an increased uptake in barley (Bulman & Smith,
1993) and Indian mustard (Suberhmanyam and Rathore,
1992a,b; Khan, 1998; Khan et al., 2000). Contrarily Dhakal
and Erdi (1986) found that ethylenehad no influence on K*
and Na' levels neither at lower nor at higher concentrations
in wheat. In a filed trail on mustard under irrigated
conditions  (Khan, 1998) and under non -irrigated
conditions (Khan et al., 2000; Lone, 2001 and Mir, 2002)
reported that ethrel sprayed plants accumulated higher
plant N and seed N content and enhanced nitrogen harvest
index and nitrogen yield merit (Khan, 1998). Under non
irrigated conditions ethrel sprayed plants utilized N from
the soil more effectively and showed increased nitrogen
harvest index and nitrogen yield merit (Khan et al., 2000;
Lone, 2001; Mir, 2002 and Mir et al., 2009c¢).
Ethrel and yield parameters

Yield components like pod number, seed number per
pod and seed weight do not only depend on nutritional
factor but also on hormonal status (Morgan, 1980; Crosby
et al., 1981; Carlson et al., 1987; De -Bouille et al., 1989;
Paulpandi et al., 1998).
1. Pod number

Foliar application of ethrel at the rate of 200 ppm at the
flower initiation stage improved the number of pods per
plant in soyabean (Singh et al. 1987). Foliar spray of ethrel

increased the number of mature pods per plant of peanut
(Arachis  hypogea) positively with sequential spray
treatment over no spray in all the varieties (Saini et al.,
1984). Urwiller and stutte (1986) reported increased the
number of one seeded pods in the ethepon treated soyabean
plants. Results reported from the author’s laboratory have
confirmed the beneficial effects of the ethrel in pod number
of mustard (Braasica juncea L.). Under irrigated (Khan,
1996; 1998 and Mir 2002) and non -irrigated (Khan et al.,
2000; Lone, 2001; Mir 2002 and Mir et al. 2009b,c)
conditions. However, exogenous application of ethrel
resulted in detrimental effect on pods per plant in Braasica
napus reported by Grewal et al. (1993).

2. Seed number

Pod number and seed number per pod are determined
early after flowering (Pechan and Morgan, 1983) and have
been found to be influenced by growth regulators (Zhou
and Xi, 1993; Foroutan -Pour et al., 1997). Foliar
application of ethrel at flowering and pegging stages
increased number of seeds and size of seeds in groundnut
(Mishra et al., 1984).

3.1000 Seed weight

Foliar application of ethrel at 200ppm concentration
increased 1000 grain weight in soybean (Singh et al.,
1987). Spray at flowering stage on Indian mustard also
increased seed weight (Sing and Kumar, 1991). Ethephon
increased 1000-seed weight in onion (Allium cepa L.)
comapred to control (Sing et al., 1995). However, Grewal
et al. (1993) observed that ethrel treatment resulted in
detrimental effect on 1000- seed weight in Brassiac
napus, while Ramos et al. (1989) in barley (Hordeum
vulgare L.), Khan et al. (2000); Mir et al., (2008) and Mir
et al., (2009 b,c) in mustard (Brassica juncea L.), Coffelt
and Howell (1986) in pea nut (Arachis hypogei) failed to
observe any increase in 1000 seed weight in response to
the foliar spray of ethephon.

4. Seed yield

Improkement in seed yield of different crops in response
to growth substances was observed by Gopalkrishnan and
Srinivasan (1975); Ries et al. (1977) and Menon and
Srivastva (1984). The growth regulators have been found to
engage in assimilate translocation towards reproductive
parts of plants (Pando and Srivastava, 1985; Khan et al.,
2000). Differential response of ethephon were observed
and several investigators reported about the beneficial
effect on grain yields of winter wheat (Dahnous et al.,
1982; Leary and Oplinger, 1983; Wiersma et al; 1986),
while others claimed reduction with the use of ethephon
(Nafziger et al., 1986; Simmons et al., 1988; Taylor,
1991).

Increase in the seed yield of mustard in response to
ethrel has been reported by Grewal et al. (1993); Khan
(1996; 1998) and sing and Kumar (1991). Joshi ef al.
(1987) also reported increase in seed yield in ground nut
(Arachis hypogea L.) when treated with ethrel. Foliar
application of ethrel cauliflower increased the seed yield
per plant at 300ppm while it was adversely affected at
higher concentration (Jana and Kabir, 1991). Ethephon
treatment increased significantly grain yield in corn (Kasele
et al., 1995) and barley (Bulman and Smith, 1993).
Contrarily, Slife and Earley (1970) found that applied
ethrel to flowering soybean plants at 0.56 to 2.24 kg/ha



009

International Journal of Current Research, Vol. 4, pp. 004-013, May, 2010

rates decreased yield of seed per hectare. Grewal et al.
(1993) at the rate of 1000 and 1500 ppm ethrel also
observed substantial decrease in seed yield in Brassica
napus. Under non -irrigated conditions application of
200ppm ethrel to foliage enhanced seed yield in Brassica
juncea was reported by Khan et al. (2000); Lone (2001);
Mir (2002); Mir et al. (2008) and Mir et al. (2009b,c). The
effect of ethrel (200 pL/L) was found beneficial in
enhancing seed yield (Fig. 4), a repot from author’s
laboratory. Early application of ethrel resulted in
significant reduction in seed yield of linseed (Leitch and
Kuat, 1999).
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Fig.4. Effect of ethrel spray at 60d after sowing
(DAS, flowering stage) on seed yield (q ha™') of
mustard (Brassica juncea L.) cultivar Alankar and
PBM16 at 120 DAS.

5. Biological yield

Biological yield and merit of genotype were enhanced
in ethylene treated mustard plants under non -irrigated
conditions (Khan et al., 2000; Lone, 2001; Khan, 1996;
1998; Mir, 2002 and Mir et al. (2009b,¢) in another study
with availability of water, found enhancing effect of
ethrel on biological yield of mustard .
6. Harvest Index

Dormant seeds of groundnut (Arachis hypogea L.) when
treated with ethrel gave higher harvest index than the water
soaked dormant seeds (Joshi er al., 1987), While Van
Sanford et al. (1989) observed equivalent harvest index in
both ethephon treated and control plants in winter wheat.
Khan (1996; 1998); Khan et al. (2000) and Mir (2002) also
found that harvest index was not influenced significantly in
ethylene treated plants of mustard.

7. Oil Yield

Khan (1996); Lone (2001) and Mir (2002) reported
impressive increase in the oil yield of mustard in response
to ethrel application.
Ethrel and quality parameters
1. Oil content

Exogenous application of ethephon at the rate of 250
ppm reudced essentail oil content of peppermint and slight
increse in essential oil content of Sage (El -Keltawi and
Rodney, 1986) was reported. Farooqi and Sharma (1988)
also reported an increase in oil content of Rosa damascena
Mill by the application of 0.02 ad 0.06% concentrations of
ethrel. However, Khan (1996); Lone (2001) and Mir (2002)
showed an increase in oil content in seeds of mustard.
Grewal et al. (1993) in B. napus, Grewal and Kolar (1990)
in Brassica juncea, Leitch and Kaut (1999) in linseed
reported that ethrel application had no influence on the
seed oil content of the plants .
2. Amino Acid Content

Sharma et al. (1982) reported that free amino acids
increased during the pod development stages on application
of ethrel on groundnut (Arachis hypogea). Ethrel
treatments increased protein content as well as depletion of
amino acids and efficient in corporation of amino acids into
the protein in wheat (Sekhon and Singh, 1994).
3. Protein content

Plant growth regulators have been found to influence
significantly the protein content in crop plants (Liu et al.,
1993; Lurie et al., Yang et al., 1994; Kulkarni et al., 1995).
They have also been implicated in the control of protein
allocation among plant organs and accumulation in
developing cereal grains (Oritant and Yoshida; 1971).
Grain protein concentration increased (Morris et al., 1989;
Van sanford et al., 1989) or remain unaffected (Pearson
et al. 1989) by ethephon treatment .Soluble proteins
increased with the application of ethrel during initial stages
of pod development but declined later in ground nut
(Arachis  hypogea) (Sharma et al 1982). Ethephon
application increased protein content per grain and grain
protein concentration in barley (Bullman and Smith, 1993;
Ma et al., 1994). Ethrel treatment has been found to
increase protein content and efficient incorporation of
amino acids into proteins in wheat (Sekhon and Singh,
1994).
4. Fatty acid

Etephon has been reported to change the relative
proportions of fatty acids, reducing the content of linolenic
acid and increasing the oleic acid (Leitch and Krat 1999).
Ethrel has also shown a primitive effect on conversion of
lipid in to sugars through glyoxylate cycle under water
stress conditions in soyabean seeds (Sharma et al., 1986).
CONCLUSIONS

This study highlights the pivotal part played by the
gaseous hormone in the form of ethrel on plant growth and
development by affecting various growth parameters like:
plant height, leaf number, leaf area, leaf area index, dry
weight; photosynthetic ~ parameters like chlorophyll,
photosynthesis,  photosynthetically  active  radiation,
nutrient uptake in addition to yield parameters like; pod
number, seed number, 1000 seed weight, seed yield,
biological yield, harvest index, oil yield and quality



Ashraf Bhat et al., The role of ethrel in plant growth and development

010

parameters like oil content, amino acid content, protein
content and fatty acid content.
ACKNOWLEDGEMENTS

Authors would like to thank Prof. David M. Reid, Plant
Physiology Research Group, Department of Biological
Sciences, University of Calgary, Canada for improving the
presentation of the manuscript.

REFERENCES

Abeles, F.B., Morgan, P.W. and Saltveit Jr., M.E. 1992. Ethylene
in plant biology. 2™ ed. Academic Press, San Diego.

Ado-Quaye, A.A., Scarisbrick, D.H. and Daniel, R.W. 1986.
Assimilation and distribution of '“C photosynthate in oilseed
rape (Brassica napus). Field Crops Research 13: 205-215.

Arteca, R.N. and Dong, C.N. 1981. Stimulation of photosynthesis
by application of phytohormones to the root system of
tomato plants. Photosynthesis Research 2: 243-249.

Arteca, R.N.1997. Plant growth substances: Principles and
applications. CBS Publishers & Distributors, Delhi

Ballare, C.L., Scopel, A.L. and Sanchez, R.A. 1989.
Photomodulation of axis extension in space canopies: role of
the stem in the perception of light-quality signals of stand
density. Plant Physiology 89: 1324-1330.

Bergner, C. and Teichmann, C. 1993. A role for ethylene in barley
plants responding to soil water storage. Journal of Plant
Growth Regulation 12: 67-72.

Buehler, B., Drumm, H. and Mohr, H. 1978. Investigations on the
role of ethylene in phytochrome-mediated
photoporphogenesis. II. Enzyme levels and chlorophyll
synthesis. Planta (Berlin) 142: 119-122.

Bulman, P. and Smith, D.L. 1993. Yield and grain
protein response of spring barley to ethaphon
and triadimefon. Crop Science 33:798-803.

Butler, D.R., Pears, E., Child, R.D. and Brain, P. 1989. Effects of
triazole growth retardants on oilseed rape: Photosynthesis of
single leaves. Annals of Applied Biology 114: 331-337.

Carlson, D.R., Dyer, D.J., Cotterman, C.D. and Durley, R.C.
1987. The physiological basis for cytokinin induced
increased in pod set in IX93-100 soyabeans. Plant
Physiology 84: 233-239.

Champigny, M.J. 1985. Regulation of photosynthetic carbon
assimilation at the cellular level: are view. Photosynthesis
Research 6: 273-286.

Child, R.D., Arnold, G., Hislop, E.C., Huband, N.D.S. and
Stinchcanbe, G.R. 1985. Effects of some experimental
triazole retardants on yield of oil seed rape. Proceedings of
British Crop Protection Conference, Weeds 2: 561-567.

Child, R.D., Chauvaux, N., John, K.; Ulvskov, P. and Van
Onckelen, H.A. 1998. Ethylene biosynthesis in oilseed rape
pods in relation to pod shatter. Journal of Experimental
Botany 49: 829-838.

Coffelt, T.A. and Howell, R.K. 1986. Effect of ethrel seed
treatment on growth, yield and grade of two Virginia type
peanut cultivars. Peanut Science 13: 60-63.

Crosby, K.E., Aung, L.H. and Buss, G.R. 1981. Influence of 6-
benzylaminopurine on fruit-set and seed development in two
soybean, Glycine max L. (Merr) genotypes. Plant Physiology
68: 985-988.

Dahnous, K., Vigue, G.T., Law, A.G., Kanzak, C.F. and Miller,
D.G. 1982. Height and yield response of selected wheat,
barley and triticale cultivars to ethephon. Agron. Journal 74:
580-582.

Davis, T.D. and Curry, E.A. 1991. Chemical regulation of
vegetative growth. Critical Reviews in Plant Science 10:
151-188.

Davis, T.D., Steffens, G.L. and Sankhla, N. 1988. Triazole plant
growth regulators. In: Horticultural Reviews. Vol. 10. pp. 63.
J. Janick (Ed). Timber Press, Portland, OR.

De-Bouille, P., Sotta, B., Miginiac, E. and Merrien, A. 1989.
Hormones and pod development in oilseed rape (Brassica
napus). Plant Physiology 90: 876-880.

Dhakal, M.R. and Erdei, L. 1986. Long-term effects of plant
hormones on K' levels and transport in young wheat plants
of different K status. Physiologia Plantarum 68: 632-636.

Dijkstra, P. and Kuiper, P.J.C. 1989. Effects of exogenously
applied growth regulators on shoot growth of inbred lines of
Plantago major differing in relative growth rate: differential
response to gibberellic acid and (2-chloroethyle)-trimethyle-
ammonium chloride. Physiologia Plantarum 77: 512-518.

Dolan L. 1997. The role of ethylene in the development of plant
form. J. Exp. Bot. 48: 201-210.

Dowllet, HN.A. and Kumamoto, J. 1972. The conversion of 2-
hydroxyethylhydrazine to  ethylene. Plant Physiology 49:
696-699.

El-Keltawi, N.F. and Rodney, C. 1986. Influence of ethephon and
diaminozide on growth and essential oil content of
peppermint (Menta piperita) and sage (Saliva officinalis).
Phytochemistry 25: 1285-1288.

Esashi, Y. 1991. Ethylene and seed germination .In: Matoo AK,,
Suttle JC(eds). The plant hormone Ethylene. CRC Press,
Boca Ration , FL pp 133-157 . ISBN 0-8493-4566-9.

Farooqi, A.H.A. and Sharma, S. 1988. Effect of growth retardants
on flowering of Rosa damascena Mill. Proceedings of the
International Congress of Plant Physiology, New Delhi.

Fluhr R, and Mattoo, A. K. 1996. Ethylene —biosynthesis and
perception. Crit. Rev. Plant. Sci.15: 479-523.

Foroutan-Pour, K., Ma, B.L. and Smith, D.L. 1997. Protein
accumulation potential in barley seeds as affected by soil-and
peduncle-applied N and peduncle-applied plant growth
regulators. Physiologia Plantarum 100: 190-201.

Gopalkrishnana, S. and Srinivasan, P.S. 1975. Effectof planofix
on NAA formation on groundnut. Pesticides 23-25.

Grewal, H.S. and Kolar, J.S. 1990. Response of Brassica juncea
to chlorocholine chloride and ethrel sprays in association
with nitrogen application. Journal of Agricultural Science
114: 87-91.

Grewal, H.S.; Kolar, J.S.; Cheema, S.S. and Singh, G. 1993.
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 36: 1-
4.

Guiamet, J.J.,, Willemoes, .G. and Montaldi, E.R. 1989.
Modulation of progressive leaf senescence by the red: far-red
ratio of incident light. Botanical Gazzette 150: 148-151.

Guruprasad, A. and Guruprasad, K.N. 1988. Interaction of
potassium ions and gibberellin in the control of hypocotyls
growth in Amaranthus caudatus. Physiologia Plantarum 74:
154-158.

Hewitt, E.J. 1963. The essential nutrient elements: requirements
and interaction in plants. In: Plant Physiology: A Treatise.
pp. 137-329. F.C. Steward (Ed.). Academic Press, New
York.

Holmes, M.G. 1981. Spectral distribution of reaction within plant
canopies. In: Plants and Daylight Spectrum. pp. 147-158. H.
Smith (Ed). Academic Press, London.

Hussain, A., Black, C.R., Taylor, I.B. and Roberts, J.A. 1999. Soil
compaction: a role for ethylene in regulating leaf expansion
and shoot growth in tomato. Plant Physiology 121: 1227-
1237.

Jana, B.K. and Kabir, K. 1991. Effect of ethrel on seed production
of cauliflower cv. Dania. Crop Research 4: 222-224.

Joshi, R.K., Mishra, S.D. and Gaur, B.K. 1987. Productivity of
dormant groundnut as affected by ethrel and benzyladenine.
Indian Journal of Agricultural Science 57: 179-182.

Kasele, I.N., Shanahan, J.F. and Nielsen, D.C. 1995. Impact of
growth retardants on corn leaf morphology and gas exchange
traits. Crop Science 35: 190-194.



011

International Journal of Current Research, Vol. 4, pp. 001-013, May, 2010

Kepezynski J. and Kepezynska E. 1997. The effect of putrescine,
ethephon and ACC on germination of thermodormant
Amaranthus paniculatus L. Seeds. Physiologia Plantarum
101: 720-726.

Khan, N.A. 1996. Response of mustard to ethrel spray and basal
and foliar application of nitrogen. Journal of Agronomy and
Crop Science 176: 331-334.

Khan, N.A. 1998. Effect of ethrel spray on yield of mustard
cultivars under non irrigated conditions. Test of
Agrochemicals and Cultivars 19: 38-39.

Khan, N.A., Lone, N.A. and Samiullah. 2000. Response of
mustard (Brassica juncea L.) to applied nitrogen with or
without ethrel spray under non-irrigated conditions. Journal
of Agronomy and Crop Science 183: 1-4.

Kieber, J.J., Rathenberg, M., Roman, G., Feldmann, K.A. and
Ecker, J.R. 1993. CTRI, a negative regulator of ethylene
response pathway in arabidopsis, encodes a member of the
Raf family of protein kinases. Cell 72: 427-441.

Koritsas, V.M. 1988. Effect of ethylene and ethylene precursors
on protein phosphorylation and xylogenesis in tuber explants
of Helianthus tuberosus (L.). Journal of Experimental
Botany 39: 375-386.

Krishnamoorthy, H.N. 1993. Physiology of plant growth and
development. Atma Ram and Sons, Delhi.

Kulkarni, S.S., Chetti, M.B. and Uppar, O.S. 1995. Influence of
growth retardants on biochemical parameter in sunflower.
Journal of Maharashtra Agricultural Universities 20: 352-
354.

Kushad, M.H. and Pooviah, B.W. 1984. Deferral of senescence
and abssissian by chemical inhibition of ethylene synthesis
and action in bean explants. Plant Physiology 76: 293-296.

Leary, W.P. and Oplinger, E.S. 1983. Effect of plant growth
regulators and grain scrops. Proc. Plant Growth
Regululators Society of America 10: 277-286.

Lee, S.H. and Reid, D.M. 1997. The role of endogenous ethylene
in the expansion of Helianthus annus leaves. Canadian
Journal of Botany 75: 501-508.

Leitch, M.H. and Kuat, O. 1999. Effect of plant growth regulators
on stem extension and yield components of Linseed (Linum
ustatissimum). Journal of Agricultural Science 132: 189-199.

Lincolin, J.E. and Fischer, R.L. 1988. Diverse mechanisms for the
regulation of ethylene-inducible gene expression. Molecular
Gene Genetics 212: 71-75.

Liu, J.H., Mukherjee, 1. and Reid, D.M. 1990. Adventitious
rooting in hypocotyls of sunflower (Helianthus annus). 111.
The role of ethylene. Physiologia Plantarum 78: 268-276.

Lone, N.A. 2001. Studies an effect of cycocel and ethrel in
association with nitrogen with nitrogen, on growth and
metabolism of mustard under non- irrigated conditions. Ph.
D. Thesis, Aligarh Muslim University, Aligarh, India.

Lurie, S.; Ronen, R.; Lipsker, Z. and Aloni, B. 1994. Effects of
paclobutrazol and chilling temperatures on lipids,
antioxidants and ATPase activity of plasma membrane
isolated from green bell pepper fruits. Physiologia
Plantarum 91: 593-598.

Lurssen, K. 1982. Manipulation of crop growth by ethylene and
some implications of the mode of generation. In: Chemical
Manipulation of Crop Growth and Development. J.S. (Ed).
Butterworth Scientific, London.

Ma, B.L., Leibovitch, S. and Smith, D.L. 1994b. Plant growth
regulator effects on protein content and yield of spring barley
and wheat. Journal of Agronomy and Crop Science 172: 9-
18.

Makeev, A.V., Krendeleva, T.E. and Mokronsov, A.T. 1992.
Photosynthesis and abscisic acid. Soviet Plant Physiology 39:
118-126.

Mathias, J.N., Bradburone, J.A. and Dupree, M. 1989. GA effects
on greening in pea seedlings. Plant Physiology 91: 19-22.

Matilla A.J. (2000). Ethylene in seed formation and
germination. Seed Science Research 10: 11-126.

Mattoo Ak, Suttle J.C. (1991). The plant hormone
Ethylene, CRC Press Boca Ration F.L . ISBN
0-8493-4566-9.

Menon, K.K.G. and Srivastava, H.C. 1984. Increasing plant
productivity through improved photosynthesis. Plant Science
93:359-378.

Mhatre, M., Mirza, M and Rao, P.S. 1998. Stimulating effect of
ethylene inhibitors and ortho-caumeric acid in tissue cultures
of cucumber (Cucumis sativas L.). Indian Journal of
Experimental Biology 3: 104-107.

Michelozzi, M., Johnson, J.D. and Warrag, E.I. 1995. Response of

ethylene and chlorophyll in two eucalyptus clones during

drought. New Forests 9: 197-204.

M.R. 2002. Physiological significance of ethrel (2-
chloroethyl phosphonic acid) and nitrogen in relation to
growth and metabolism of mustard under irrigated and non-
irrigated conditions. Ph.D. Thesis, Aligarh Muslim
University, Aligarh, India.

Mir, M.R., Khan, N.A., Rather, G.H., Lone, N.A. and Subaya
Basharat. 2008. Effect of nitrogen and ethrel on various
physiological and yield attributes of mustard (Brassica
Juncea L.). Applied Biological Research 10: 1-5.

Mir, M.R., Lone, N. A, Khan, N. A., Singh, S. and Asma Hassan.
2009a. Impact of ethrel and nitrogen on growth, leaf water
content, potassium accumulation and dry mass of mustard.
(Brassica juncea L.). SKUAST J. Res. 11: 187-192.

Mir, M.R,, Lone, N.A and Khan, N.A. 2009b. Impact of
exogenouly applied ethephon on physiological and yield
attributes of two mustard cultivars under rainfed conditions.
Applied Biological Research 11: 44-46.

Mir, M. R,, Khan, N. A., Lone, N. A, Payne, W.A., Mir, A. H.,
Asma Hassan and Viqar Ahmad. 2009c. Effect of basal
nitrogen application and foliar ethephon spray on
morphophysiology and productivity of mustard (Brassica
juncea L. Czern and Coss). Applied Biological Research 11:
60-65.

Mishra, S.D., Joshi, R.K. and Gaur, B.K. 1984. Preferential effect
of gibberellic acid, benzyladenine and ethrel at pegging stage
in groundnut (4rachis hypogeae). Acta Botanica Indica 12:
123-128.

Mohan Ram, H.Y. and Rina, S. 1982. Modification of growth and
sex expression in Cannabis sativa by aminoethoxy vnyl-
glycine and ethephon. Zeitschrift Pflanzen Physiol 105: 165-
172.

Morgan, D.G. 1980. Factors affecting fruit and seed development
in field beans and oilseed rape. In: Joint DPGRG and
BPGRG symposium: aspects and prospects of plant growth
regulators. Monograph 6: 151-164.

Morgan PW, Drew MC( 1997) . Ethylene and plant responses to
stress . Phsiol Plant 100:620-6630.

Morris, C.F., Ferguson, D.L. and Paulsen, G.M. 1989. Nitrogen
fertilizer management with foliar fungicide and growth
regulator for hard winter wheat production. Applied
Agronomical Research 4: 135-140.

Nafziger, E.D., Wax, L.M. and Brown, C.M. 1986. Response of
five winter wheat cultivars to growth regulators and
increased nitrogen. Crop Science 26: 767-770.

Oritant, T. and Yoshida, R. 1971. Studies on nitrogen metabolism
in crop plants XI. The changes in abscisic acid and cytokinin
like activity accompanying with growth and senescence in
the crop plants. Proceedings of Crop Science Society of
Japan 40: 325-331.

Ortuno, A.J.A., Del Rio, J.L., Casas, M., Serrano, M.A. and
Sanchez-Brava, J. 1993. Influence of ACC and ethephon on
cell growth in etiolated lupin hypocotyls: dependence on cell
growth stage. Biologia Plantarum 33: 81-90.

Mir,



Ashraf Bhat et al., The role of ethrel in plant growth and development

012

Palmer, R.L., Lewis, L.N., Hield, H.Z. and Kumamato, J. 1967.
Abscission  induced by  betahydroxyethylhydrazine:
conversion of betahydroxyethylhydrazine to ethylene. Nature
216: 1216-1217.

Pando, S.B. and Srivastava, G.C. 1985. Physiological studies on
seed set in sunflower. III. Significance of drwarfing the plant
size using growth regulator. Indian Journal of Plant
Physiology 28: 72-80.

Panwar, J.D.S., Abbas, S., Ram, S. and Sirohi, G.S. 1988. Effect
of BAP, ethrel and stem gridling on growth and partitioning
of photosythates in Y-shaped mungbean. Indian Journal of
Plant Physiology 31: 418-422.

Patrick, J.W. and Steains, K.H. 1987. Auxin promoted transport
of metabolites in stem of Phaselous vulgare: auxin dose
response curves and effect of inhibitors of polar auxin
transport. Journal of Experimental Botany 38: 203-210.

Paulpandi, V.K., Paleniappan, S.P. and Solaiappan, U. 1998.
Effect of cycocel on different crop geometry and nutrient
levels in soreghum (Sorghum bicolor). Journal of Agronomy
43(3): 524-527.

Pearson, C.H., Golus, HM. and Tindall, T.A. 1989. Ethaphon
application and nitrogen fertilization of irrigated winter
barley in an arid environment. Agronomy Journal 81: 717-
719.

Pechan, P.M. and Morgan, D.G. 1983. The use of radiography in
studies of plant development in vivo. Planta 159: 476-481.

Pua, E.C. and Chi, G.L. 1993. De novo shoot morphogenesis and
plant growth of mustard (Brassica juncea) in vitro in relation
to ethylene. Physiologia Plantarum 88: 467-474.

Ramos, J.M.; Garcial de Moral, L.F.; Molina-cano, J.L.;
Salamanca, P. and Roca de Togores, F. 1989. Effect of an
early application of sulphur or ethephon as foliar sprays on
the growth and yield of spring barley in a Mediterranean
environment. Agronomy and Crop Science 163: 129-137.

Raskin, I. and Kende, H. 1984. The role of gibberellin in the
growth response of submerged deep water rice. Plant
Physiology 76: 947-950.

Reddy, S.N.; Singh, B.G. and Reddy, R.V. 1996. Effect of sulphur
and benzyladenine on qualityand nutrient uptake in
sunflower. Annals of Plant Physiology 10: 166-170.

Reid J.B. and Howell, S.H. 1995 . The function of hormone in
plant growth and development. In: Davies Pj(ed) .Plant
Hormone : Physiology , Biochemistry and Molecular
Biology , 2™ edn. Kluwer Academic Publishers , Dordrecht,
pp 448-485. ISBN 0-7923-2964-8.

Reid, M.S. 1987. Ethylene in plant growth, development, and
senescence. In: Plant Hormones and their Role in Plant
Growth and Development. pp. 257-279. P.J. Davies (Ed).
Martinus Nijhoff Publishers, Dordrecht, The Netherlands.

Ries, SK., Wert, V., Sweely, C. and Leavitt, R.A. 1977.
Triacontanol Regulator Science 195: 1331-1341.

Rodriguez-Pousida, R.A.; De Rycke, R., Dedondar, A., Van
Caeneghem, W., Engler, E., Van Montagu, M. and Van Der
Straeten, D. 1993. The arabidopsis 1-amino-cyclopropane-1-
carboxylate synthase gene 1 is expressed during early
development. Plant Cell 5: 897-911.

Saini, J.S.,Jolly, R.S. and Dhillon, A.S. 1984. Effect of some
growth regulators on the pod yield and quality in peanut
(Arachis hypogaea). Crop Improvement 11: 61-63.

Sairam, R.K., Deshmukh, P.S., Shukla, D.S., Wasnik, K.G. and
Kushwaha, S.R. 1989. Effect of abscisic acid and
triadimefon on photosynthesis and nitrate reductase activity
during water stress in wheat. Indian Journal of Physiology
32: 51-56.

Samimy, C. 1978. Influence of cobalt on soybean hypocotyl
growth and its ethylene evolution. Plant Physiology 62:
1005-1006.

Saniewske, M. and Ludhika, K. 1989. Silver thiosulphate on tulip
stem of the inhibitory effect of ethephon on tulip stem

elongation induced by auxin. Bulletin Polish Academic
Sciences 36: 265-270.

Sanvicente, P., Lozarevitch, S., Blouet, A. and Guckert, A. 1999.
Morphological and anatomical modification in winter barley
culm after late plant growth regulator treatment. European
Journal of Agronomy 11: 45-51.

Sauerbrey, E., Grossmann, K. and Jung, J. 1987.Influence of
growth retardant on the internode elongation and ethylene
production of sunflower plants . Physiologia Plantarum 70:
8-12.

Sauerbrey, E., Grossmann, K. and Jung, J. 1988. Ethylene
production by sunflower cell suspension effects of plant
growth retardants. Plant Physiology 87: 510.

Sekhon, N.K. and Singh, G. 1994. Effect of growth regulators and
date of sowing on grain development in wheat. Indian
Journal of Plant Physiology 37: 1-4.

Shanahan, J.F. and Nielsen, D.C. 1987. Influence of growth
retardants (anti-gibberellins) on corn vegetative growth,
water use and grain yield under different levels of water
stress. Agronomy Journal 79: 103-109.

Sharma, R., Sharma, B. and Singh, G. 1982. Effect of growth
regulators on some biochemical changes during pod
development in ground-nut (Arachis hypogaea). Indian
Journal of Botany 5: 102-106.

Sharma, R., Grewal, M.K. and Singh, G. 1986. Effect of ethrel on
lipid metabolism in soybean germinating under moisture
stress. Indian Journal of Plant Physiology 29: 207-210.

Simmons, S.R., Orlka, E.A., Wiersma, J.V., Lueschen, W.E. and
Warners, D.D. 1988. Spring wheat and barley responses to
ethephon. Agronomy Journal 80: 829-834.

Singh, H., Chandra, S., Jolly, R.S. and Kolar, 1.S. 1987. Influence
of chlorocholine chloride and ethrel on the grain yield and
uptake of nitrogen, phosphorus and potassium in soybean.
Crop Improvement 14: 79-83.

Singh, R.P. and Kumar, A. 1991. Effect of phytohormones on
yield attributes and seed yield of mustard (Brassica juncea).
Indian Journal of Agronomy 36: 379-381.

Singh, S., Singh, K. and Singh, S.P. 1995. Effect of hormones on
growth and yield characters of seed crop of kharif onion
(Allium cepa L.). Indian Journal of Plant Physiology 38:
193-196.

Sisler, E.C. Yang, S.F. 1984. Anti-ethylene effects of cis-2-butene
and cyclic olefins. Phytochemistry 23: 2765-2768.

Sisler, E.C., Dupille, E. and Serek, M. 1996a. Effect of 1-
methylecyclopropene and methylenecyclopropene on
ethylene binding and ethylene action on cut carnations. Plant
Growth Regulators 18: 79-86.

Sisler, E.C., Serek, M. and Dupille, E. 1996b. Comparison of
cyclopropene, 1-methylecyclopropene and 3,3-
dimethylecyclopropene as ethylene antagonists in plants.
Plant Growth Regulators 18: 169-174.

Slife, F.W. and Earley, E.B. 1970. Effect of ethrel on growth and
yield of soybean. Agronomy Journal 62: 434-435.

Smalle J, Van DerStracten D. 1997. Ethylene and vegetative
development. Physioogial Plantartum 100: 593-605.

Smalle, J., Heagman, M., Kurepa, J., Van Montagu, M. and Van
Der Strarden, D. 1997. Ethylene can stimulate arabidopsis
hypocotyls elongation in light. Proceedings of the National
Academy of Sciences of the United States of America. 94:
2756-2761.

Subrahmanyam, D. and Rathore, V.S. 1992a. Influence of
ethylene on carbon-14 labeled carbondioxide assimilation
and partitioning in mustard. Plant Physiology and
Biochemistry 30: 81-86.

Subrahmanyam, D. and Rathore, V.S. 1992b. Plant growth
regulators influence 14CO, assimilation and translocation of
assimilates in Indian mustard. Jouwrnal of Agromomy and
Crop Science 168: 145-152.



013

International Journal of Current Research, Vol. 4, pp. 004-013, May, 2010

Taylor, J.S., Faster, K.R and Caldwell .1991. Ethephon effects on
barley in central Alberta . Canadian journal of plant Science
71:983-995.

Thomas, T.H. 1986. Hormonal control of assimilate movement
and compartmentation. In: Plant Growth Substances. pp.
350-359. M. Bopp (Ed.). Springer-Verlag, Heidelberg.

Tudela, D. and Primo Millo, E. 1992. 1-aminocyclopropene-1-
carboxylic acid transported from roots to shoots promotes
leaf abscission in Cleopatra mandrin (Citrus rashni Hort.
Extan.) seedlings rehydrated after water stress. Plant
Physiology 100: 131-137.

Urwiller, M.J. and Charles, A.S. 198. Influence of ethephon on
soyabean (Glycinmax reproduction development . Crop
Science 26 (5): 576 579

Urwiller, M.J. and Stuttle, C.A. 1986. Influence of ethaphon on
soybean reproductive development. Crop Science 26: 976-
979.

Van Sanford, D.A., Grove, J.H., Grabau, J. and MacKown, C.T.
1989. Ethephon and nitrogen use in winter wheat. Agronomy
Journal 81: 951-954.

Veen, H. 1986. A theoretical model for anti-ethylene effects of
silver thiosulphate and 2,5-norbornadiene. Acta Horticulture
181: 129-134.

Vreugdenhil, D. and Harro, J.B. 1989. Effects of ethylene on
tuberization in radish (Raphinus sativus). Plant Growth
Regulators 8: 21-30.

Wareing, P.F. and Phillips, I.D.J. 1981. The control of growth and
differentiation in plants. Pergaman Press, New York.

Warner, H.L. and Leopold, A.C. 1969. Ethylene evolution from 2-
chloroethyl phosphonic acid. Plant Physiology 44: 156-158.

Wiersma, D.W., Oplinger, E.S. and Guy, S.0. 1986. Environment
and cultivar effects on winter wheat response to ethephon
plant growth regulator. Agronomy Journal 78: 761-764.

Yang, D.Q., Yang, J.X. and Hu, Y.W. 1994. Effects of S-3307 on
some physiological characteristics of rape seedlings. Plant
Physiology Communication 30: 182-185.

Yang, S. and Hoffman, N.E. 1984. Ethylene biosynthesis and its
regulation in higher plants. Annual Review of Plant
Physiology 35: 155-189.

Yang, S.F. 1987. Regulation of biosynthesis and action of
ethylene. Acta Horticulture 201: 53-59.

Zerbe, R. and Wild, A. 1981. The effect of indole-3-acetic acid on
photosynthetic apparatus of Sinapis alba. Photosynthesis
Research 1: 71-81.

Zhou, W. and Ye, Q. 1996. Physiological and yield effects of
uniconazole on winter rape (Brassica napus L.). Journal of
Plant Growth Regulation 15: 69-73.

Zhou, W.J. and Xi, HUF. 1993. Effects of mixtalol and
paclobutrazol on photosynthesis and yield of rape (Brassica
napus). Journal of Plant Growth Regulation 12: 157-161.

sfeskosk sfeskosk sk



