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ABSTRACT

In this study the effect of different concentrations of pix as plant growth regulatorsinclude O (control), 0.5,1, 1.5, 2
L.ha™ on soluble sugars proline, phenolic compounds content and antioxidant enzymes activity such as catalase,
peroxidase and poly phenol oxidase in leaf and root of cotton plant (Gossypium hirsutum L. cv Ci-Ocra) in
vegetative phase mid under pots condition were evaluated. The result showed that pix spray on cotton shoot
increased amount of soluble sugarsin leaf. Also pix reduced proline content in root while was not affected amount
of phenolic compounds in cotton plant. Our data showed pix application in different levels had not significant effect
on catalse and peroxidase activity in leaf while decreased catalase activity and increased peroxidase activity in root
than control. Different treatments of pix did not change poly phenol oxidase activity in root and leaf of cotton
significantly.
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INTRODUCTION

Plant growth regulators (PGR) are substances fifed¢tanorphological and physiological processegplahts at
very low concentrations. When were produced endoggy by plants, they are referred to as plant looes. PGR
as either naturally or synthetic compounds that aplied directly to a target plant to alter itsypiological

processes or its structure to improve quality,ease yields, or facilitate harvesting control, siidble vegetative
growth of crop plants, enhancingfruiting bodies. [Shey like promoters, inhibitors play a key role dontrol

mechanism of plant growth by interacting with metabprocesses such as nucleic acid and proteithegis [10].

One of Plant growth regulators is Pix (N,N-dimetligkridiniumchloride), commonly referred to as Mep€opit,
and Mepiquat Chloride and consists of 4.2 % N, Nethyl piperidinium chloride, a quaternary ammonia
compound [18, 20 ].

Pix is the first plant growth regulator in cottdrat have significant effect on cotton growth anelgi Gibberellins,
a common plant hormone which are associated wétin ®longation but have been shown to increaserét@ntion
in cotton. Plant growth regulators such as pix €ase cotton vegetative growth by inhibiting giblierecid, a
common plant hormone which in turn decreases tatigation [9]. Also it suppress vegetative growihcotton by
reducing the main stem and fruiting branch in=tde®lengths and leaf area [ 12,13].

Cotton( Gossypium hirsutum L.) is one of the important cash crops of Iran.t@otplays important role in the
economy of the country. Vegetative growitls continues well into reproductive developméfihen conditions that
favor vegetative growth are prevalent (e.g. exeessitrogen or low early fruit retention), sevenalgative effects
may occur, including delayed crop maturity, flovedsortion, and reduced harvest ability The cott@mpproduces
several natural growth regulators or plant hormoPRé¢ent hormones work to adjust plant growth anecep energy

diversion [4, 5, 8].
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Pix is used in two methods. In the first methodf@oseed is soaked into pix whereas in the seowettiod, pix is
sprayed on shoot at the beginning of flowering [24]

There are many research studies on the way pixtafieotton plant growth and development but itect on
molecular behaviors such as activities of antioxidenzymes and osmoliths content have not beerh stuclied.
The aim of this research was to study the effectliierent values of pix on soluble sugars, pralinphenolic
compounds content, catalase, peroxidase, ascqubadgidase and poly phenol oxidase activity of motieaf and
root.

MATERIALS AND METHODS

Planting

Eexperiments were conducted in 2009 in Gorgan dafitjran. Cotton seed8pssypium hirsutum L. cv Ci-Ocra)
were placed in pots including 5 Kg of soil (Si-Cli@gsue) in photoperiods 20 + 2 °C and 14— h ligbt—h dark and
irrigated with to 350 ml water per 24 h. In 3-5\Jeastage, 4 plant remained in each of pots. Thee fi
concentrations of pix containing O(control), 0.5 115 and 2 L.HAwere sprayed to shoot. Each treatment was
replicated four times and arranged in a randomiedplete block design.

In 6-8 leaves stage, plants were harvested andatepashoot and root and experiments were doteof.t

Biochemical Analysis

Soluble sugars assayTo determine the soluble sugars, leaf and rocbttbn were dried in oven at 95 °C for 24 h.
They were weighed and 10 ml ethanol (70%) was adtieen the samples were placed in Petri disheg ftays at
4°C. Soluble sugars contents were determined bysunggy the absorbance at 485 nm spectrophotomigtrigaih
Kochert [14]. Glucose standard curve was usedttmate the soluble sugars concentration (MdpgV).

Total proteins assay:Plant samples were dried in oven at 95°C for 2#th\@eighed. Total proteins contents were
determined at 625 nm spectrophoto-metrically udiogvry [16].method. Concentrations of total proteiwere
measured by bovine serum standard curve on the bisig g DW.

Proline Assay:Proline content was determined by measuring therabace at 520 nm using Bates [1] method in
leaf and root of cotton. Proline content was deteeah by standard curve of pure proline (LmoIRyV).

Phenolic compounds assayFor assay of phenolic compounds in cotton planattd [17] method was used
spectrophotometrically at 640 nm. In this methoehgias were boiled in 10 ml of 80% alcohol for 15mraind then
centrifuged for 15 min at 3000 g. To 5 ml of thidution, 5 ml of diluted foline (1:3) and 10 ml e&turation
Na,CO; were added. Samples were mainted for 10 min at 28~@ then centrifuged for 15 min at 4000 g.
Supernatant absorption was determined at 640 nrte@baf phenolic compounds was measured by starmaxe

of catechol on the basis of mg- ¢W.

Enzyme Extraction

The cotton plants samples weighting about 1 g weraogenized with 4 ml extract solution containing g tries,
2g ascorbate,3.8 g borax (Di -sodium tetra bor@g)-DTANa2, 50g polyethylene glycol 2000 in 100dhstilled
water .The solution was placed at 4°C for 24 h tneth was centrifuged for 30 min at 4000g.The ctegrernatant
was taken as enzyme source and used for cataldgeeeoxidase and polyphenol oxidase activity assay

Catalase activity Assay

The catalase activity was assayed by Chance antiliMak method with the following modification: 5 Inof assay
mixture for catalase activity contained :300 uMpbbsphate buffer,( pH 6.8) 100 uM o0f® and 1 ml of the twice
diluted enzyme extracted. After incubation at 2%6€1 min, the reaction was stopped by adding 1®7#2% (v/v)

H,SQO, and the residual 40, was titrated against 0.01 N of KMp@ntil a faint purple color persisted for at ledStsec.
One unit of catalase activity is defined as the amhof enzyme which breaks down 1 p mol of H202/omder the
described assay condition

Peroxidase activity assay

The peroxidase activity was determined by Koroi [f®thod. 0.1 Ml of enzyme extract was added tayssixture
containing: 2ml 0.2 M acetate buffers (pH 5.0% Bl of 3% H202 and 0.2 ml of 0.01M benzidin saatin 50%
alcohol .The activity of enzyme was determined diirtg the absorbance at 530 nm . In order to pra&Bzyme
activity, upper stages were done in ice dishes
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The statistical significance of the difference ledw parameters was evaluated by means of D-test on SPSS 11.5
and for each treatment and contfolr replications were selected. The results werengn the text as p, the probabil
values, and0.01 was adopted as criterion of significa

RESULTS

Pix effect on soluble sugarsontent

According to the results of this research, appilicaof pixin concentration 2 L.hhincreasecsoluble sugars content
in cotton leaf in comparison with cont. In cotton root differentconcentration of pix decreased soluble su
content in compar@n with control and had I significant different with othetreatmentsfig 1).
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Fig 1:Effect of pix different concentrations (. = @ntrol, 0.5, 1, 1.5 and 2 L.h"*) on soluble sugars in leaf and root of cotton .()GE)
Pix effect on proline content
As it was seen ind 2 spraying of pix irdifferent concentrationsause decrease proline content in leaf cottc

comparison with controln root also pix applicatiodecreased proline content significa which this decreasing in
treatments of 1.5and 2 L. haf pix were considerable.
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Fig 2:Effect of pix different concentrations (. = @ntrol, 0.5, 1, 1.5 and 2 L.h™) on proline content in leaf and root of cotton (X+SE)

Pix effect on phenoliccompounds conten

The effect of different amounts of pix phenolic compounds conteintleaf and root of cotto fig 3 was shown.
The results of this assaydicated that pix different concentrations had sighificart effect on amouis of phenolic
compounds in cotton .

5231
Scholars Research Library



Maryam Niakan et al Annals of Biological Research, 2012, 3 (11):5229-5235

25

2 Oleaf

@root

C 0.5 1 15 2

Pix concentration(L. haV

Fig 3::Effect of pix different concentrations (. =Contro, 0.5, 1, 1.5 and 2 L.hd) on phenolic compounds content in leaf and rootfo
cotton . (X+SE)

Pix effect on antioxidant enzymes activity

Catalase activity

According to the results of this research, applicaof pix different concentrations did not havey agnificant
effect on catalase activity in leaf cotton whilgraying of pix in the highest concentrations (84®) decreased
activity this enzyme in comparison with control asttier treatments significantly (fig 4).
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Fig 4::Effect of pix different concentrations (. =Control, 0.5, 1, 1.5 and 2 L.hd) on catalase activity in leaf and root of cotton (X+SE)

Peroxidase activity
The results showed that pix different concentratidial not change peroxidase activity in cotton lghile in root
increased enzyme activity on concentration 1.52hdha’ in comparison other treatment and control (fig5).
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Fig 5:Effect of pix different concentrations (. = @ntrol, 0.5, 1, 1.5 and 2 L.hd) on perxidase activity in leaf of cotton. (X+SE)
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Poly phenol oxidase
As it was seen in fig 6 spraying of pix in diffeteancentrations had not significant effect on gathenol oxidase
activity in leaf and root of cotton (fig 6).
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Fig 6::Effect of pix different concentrations (. =Control, 0.5, 1, 1.5 and 2 L.hd) on polyphenol oxidase activity in leaf and roodf cotton
. (X£SE)

DISCUSSION

Our results indicated that pix application in camtcation 2 L. ha-1 increased soluble sugars in éaf decreased
them in root in comparison with control (figl). Rtagrowth regulators such as pix decrease cott@etative
growth by inhibiting gibberellic acid [18]. Gibbdlie acid is a natural plant hormone that increabes:- amylase
activity in seeds and plants. This enzyme breaksndstarch and converts it into glucose [11]. Théeras to be
related to lack of amylase activity in the preseot2 L. ha-1value of pix.The effect of pix on sble carbohydrate
raising in cotton also was shown by Gopalakrisheaal [5] and Muhammad et al[18].

The research showed pix plus increase the leveilseo$ugar alcohols (polyols) which is believedéorelated to
the improved partitioning of dry matter into cottbolls [6, 25].It was reported leaf carbohydrategresent the
primary metabolic carbohydrate pools for cottorstbnderstanding of their dynamics during cottonagihoand boll
development is important. It was said plant grovetjulators (PGR) can influence on carbohydratestogation out
of the cotton leaf .The use ofl4carbon-labelindptégues confirmed the influence of PGRs as pixcanbohydrate
translocation out of the leaf. The enhance tramdlon of carbohydrates out of the leaf was assediatith an
increase in leaf photosynthesis and a yield adgentRhotosynthesis is often improved when PGRaised.The
carbohydrate balance of reproductive tissues slyanfjuences reproductive success in cotton [2p,23

Since leave samples were taken in the early phiasgpmductive and boll formation had not yet, sohohydrate
did not move from the leaves of the boll. At thied, pix application increased photosynthesis aaig subsequent
carbohydrate content also raised.

It seems pix to move carbohydrates from the ramthe leaves on the carbohydrates rise also Viestiet.

Our data analysis showed that spraying of pix ffedint concentrations cause decrease proline nbimdeaf and
root of cotton in comparison with control that thiscreasing in root was considerable (fig 2).I5 weported pix
application enhanced protein content in plant [22].

According to report of Mundree et al [19] prolireduction in cotton leaf and root in treatment witk can related
to proline oxidase activity which catalysis convarbline to glutamine that was used it in biosysteether amino
acids and proteins.

The results also showed that amount of phenolimpmunds was not affected by different concentnatiof pix
because the difference between control and tredsneas not significant (fig3 ). It seems phenalienpounds in
cotton plant is not sensitive to the Pix valuesthis experiment and or pix have not interactionetzyme
responsible biosynthesis and destruction these congs. Hampton and Oosterhuis[7] suggested thatgtibe
compounds modify growth and development of cottarit fduring stress, and indicated the potential dee of
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phenolic acids as growth regulators in cotton. &iimcthis research cotton plants were not undesstcondition, it
seems change in phenolic compounds content in plastnot essential.

Figures 4-6 shows effect of pix treatments on amd&nt enzymes in leaf and root of cotton. Accogdin our
results different concentrations of pix had non#igant effect on catalase and peroxidase activitieaf. It seems
that activity these enzyme in leaf is not sensitiv the pix values in this experiment. On the otiand the highest
of pix concentration (2 L. ha-1 ) decreased cawkctivity and increased peroxidase activity itiazoroot. It was
reported exogenous application of gibberellic aeiduced the peroxidase activity in rice seedlinj.[Gibberellic
acid stops peroxidase production in spinach pl&atroxidase limits the growth by hardening the wedlll.
Gibberellic acid reduces the strength and hardtiessigh the inhibition of peroxidase productionrdX@ase
reversing the balance between cell wall phenolitympers, decreases cell wall elasticity [21]. Plagmowth
regulators such as pix inhibit gibberellic acid thasis [18], thus peroxidase activity increasemesence of pix.

Our results showed that treatment with pix did ciwinge poly phenol oxidase activity in cotton leafl root (fig
6). It is reported that substrates of these enzyaresphenolic compounds [3]. Since in this studymutic
compounds content did not affect pix different tneant, no change of polyphenol oxidase activityeisf and root
was predict.

CONCLUSION

PGRs such as pix allow for manipulation of physgital processes in plant growth and developmentriore
efficient crop management and increased yields.r@sgarch showed that the use of pix special ic@unation 2
L.ha' increased soluble sugars in leaf cotton and dseteproline content, catalase activity in root@othlso pix
had not significant effect on phenolic compoundstalas and peroxidase activity in leaf while itfeef on
peroxidase activity increasing was considerableoot. Continued research at both applied and Hasils will
elucidate the specific effects and mode of actibiP@Rs and thereby aid in improving their perforc®mand
consistency.
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