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ABSTRACT

To investigate the effect of potassium applicatinrguantitative and qualitative characteristicssofgar beet under
full and deficit irrigation, a split plot experiméim a randomized complete block design with thregsications was
conducted. Experimental factors included two irtiga regimes (full and deficit irrigation) and theepotassium
application levels (0, 50 and 100 kg@Xha®). Potassium sulphate was used as potassium sguthé experiment.
Results showed that deficit irrigation significgntllecreased root yield, shoot yield and sugar yiéldwever,
irrigation treatments had no effect on impure sugearcent, pure sugar percent and root dry mattestaBsium
application rates had significant effect on all éstigated characteristics, except root dry matteatassium
application increased root yield, shoot yield, umg sugar percent, pure sugar percent and sugddyMaximum
and minimum root yield, impure sugar percent, psugar percent and sugar yield were observed in KpB,0
ha' and control treatments, respectively. Accordingxperiment results, application of 100 kgoxha® improved
guantitative and qualitative characteristics of andpeet under full and deficit irrigation.
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INTRODUCTION

In arid and semi arid climate ,water shortage ésrttain barrier in agriculture development. Withoptimized use
of water resources , agriculture will be impossifKheirabi et al., 1996). Deficit irrigation is @roptimized

solution to bring products under water shortageditams , with product reduced in unite level atdincrease with
develop ( Sepaskhah et al., 2006 ). Deficit itigaallows to the plants receive water lower thaquest( English
et al 1990 ). Sharify et al(2001) studied thieafof various levels of irrigation on sugar beetey considered
white sugar yield by reducing the water consumpfiem 1000 to 725 and to 655 mm decreased 16.638nd

percent, respectively . It showed reducing in hstfess condition is high. Vazifedoust et al (20@f)orted , we can
get to economic yield in deficit irrigation by tastions in water resources .They reported 1.-dkgmaterial for

consumption of one cubic meter for sugar beet adakkbar and Ebrahimian (2003) reported reducitosugar

yield is with 20 percent deficit irrigation at theeginning of sugar beet growing season. Resultesdarches by
Jahad Akbar et al(2001) indicated deficit irrigatcauses significant decrease in root yielshpure sugar and
root sodium , But harmful nitrogen increased sigaiftly by deficit irrigation actions.

Fabiro et al (2003) studied effect of deficit iatgpn on sugar beet compared to 8 levels of indgathan complete
irrigation. They reported there is considerabldedénce on water use efficiency in different levedsrrigation. In
the research , water use efficiency 130 — 170 ky'rof water was reported . In the care of compleigation , by
use of 6898 rhwater in hectare, got the most yield of root (61fne in hectare ) . According to statements of
Monreala et al (2007) , deficit irrigation is theaim factor to accumulate Proline in sugar beets 'r@ heir results
represent positive and significant correlation et Proline and amount of sugar in sugar beadits Itdllustrates
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relation between response to drought stress as&l db carbohydrates and glucose and proline coratent .
Tavakoli (1996) studied the effect of deficit irmtipn on sugar beet . He reported we can get ttet puwe profit by
30 percent deficit irrigation. In this study , sudmeeet yield 13.8 percent reduced by 34 percentedse in water
consumption. Rahimian and Asad (2000 ) studiecetfext of deficit irrigation on quality and quantivf sugar beet
.They pointed that deficit irrigation increasesa@éncy of sugar beet and showed that deficieigation increased
water use efficiency, and increasing on rate ofewabnsumption of irrigation reduce pure sugar towapure
sugar.

Potassium plays a main role against deficit wapant disease and loading in farm plats ,tooafotim has great
effect on keeping down Osmotic potential of roefi< Its existence is critical for duration prasdion and create
the pressure on poke and adjustment water balangdaats . ( Ahmad et al., 1992). According toeassnents of
Malakotty (2000 ) potassium in plant has the rdleadalyst and its shortage reduces plants' egistagainst pests
ad plant disease . Existence of potassium hasaspmportance in keeping water plant's tissudal$ reported a lot
about its accumulation. (shabala et al, 2000) .

Fathy (2009) studied effect of various amountsitstbgen and potassium on yield , quality and natdecontents of
sugar beet . Results showed that increasing cfuroption values of nitrogen and potassium increasght of wet
and dry root and biomass and also , yield of sugadding highest level of potassium (1114 kg kgOzause
significant increase on contents of sugar , yiéldeooverable sugar and some quality features.inQuhe research
, Mohammadian and his associates (2004) revieveteffevarious levels of potassium ( not using ofgssium |,
utilization in order to reach to the exchange of sation to 5% capacity of exchange soil catiord arse of
potassium in order to reach to the exchange potassi soil to 5 % capacity of exchange soil catienplant
requirement) four levels of away irrigation ( 9,12,18 days) on yield of sugar beet' s root in 2ye&egard to the
results , interval irrigation on root yield hasrsficant effects. In the first year , the most dialf root gained in
irrigation periods 9 and 12 days and in the seqgeat , in irrigation periods 9 days. Upper periofisrrigation
cause significant decrease of root yield. Varioafues of potassium consumption has just signifiedfact on
root's yield in various periods of irrigation. hease on consumption of potassium , also causeseenh root's
yield. Egilla and his associates (2005) showed d¢imatugh use of sufficient Potassium improveddiwtents of
leaf moisture and water relations of plant compa@dhortage conditions of potassium by reducinmaig
potential in gumbo . So that cause to stabilityef photosynthetic rate , transpiration , stometalductance in dry
tension condition and free of tension conditionisey also said in this plant , enough use of Paiaséh conditions
that plant water potential is low , cause to keep tate of pour photosynthesis, increase pour ghntbesis to
transpiration.

Now , there is no accurate and comprehensive irdtom regard to effect of recourse to security atagsium and
consumption value of it on quality and quantity tieas of sugar beet under complete irrigation am€cid
irrigation. In order to improve quality and quawntif products and optimized use of reachable wasources, there
is necessity to have more conditions of potassiusmagement ,. This research reviews the effectsgfuree and
use of potassium on root's yield and other quaditd quantity features of sugar beet in complete @efitit
irrigation.

MATERIALS AND METHODS

This experiment was done in 2010-2011 on persanal in Jovein town,Malek Abad village , longitubi@ and 25
minutes East and latitude 36 and 42 minutes Nanthaverage height 1100 meters of sea level. Tredtmeas
arranged in split plot factorial design based catgdy randomize block design with 3 replicatioratbrs were two
levels of irrigation( complete irrigation(irrigath periods 10 days( region custom) and deficigation with
irrigation periods of 20 days) as main plot , pstas resource in two levels (potassium sulfate pothssium
chloride) and consumption value of potassium ie¢hevels of(0, 50 and 100 kg/kpk as factorial arrangement in
subplot.

Each subplot involves 5 rows in 6 length , by alise between 50 rows and distance on row was 20rcthis
research Aras cultivar has used.

It started to plow deep land to provide planting lire the autumn of 2010 , final activities to propiee land done
which include light plowing , disk and clearing bedf the acting or testing , samples were taken3® 8m deep of
farm soil . physical and chemical properties of s@is determined.( table 1)

Based on results of soil analysis , recommendageval phosphorus was added and combined to stilées super
phosphate fertilizer( 200 kg.ha Recommended nitrogen , also used as urea (23@i'jgin 3 stages, 1/3
simultaneously by planting and the rest 2/3 dutivggrowing of product.
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After implementation of test , potassium treatmeéntdistribution plots with soil. Yields of plangnthe seeds was
done by using of sugar beet planting machine btadte between rows 50 cm in 13th May and at otioe farm
was irrigated . After geminate , in the stage afrftevels , they began to sparse the farm to acdessity and
distance on row 20 cm. After of sparse , careeffcit irrigation done in plots and continued urttie time of
harvest. Other activities in the farm were done lkeeding weeds and struggle with pests and illaessrding to
the custom of region .

Table 1 physical and chemical features of soil in03cm deep in the place of test

Electrical | Tissue| Organic carboh  Nitrogeh  Phosphofus  Potas$iianganese Irol  zin¢  coppe

Ph | Conductivity
ds/m percent Mag/kg

8/3 2/82 0/62 | 0/086 6 | 379 | 8/36 | 4/f2 o2 12

=

At the time of dealing and harvest of sugar beetgion ( 25 October) after removing of the marfeféect , one
cubic mater was harvested completely. After sdpayaf crown and air organic. It took to shoodamot and
calculate of root yield and shoot . To review tuglity features of root , samples of root transfero laboratory of
quality analysis of researches and crop servicesugér beet of Khorasan . After collection of alformation ,
analysis of information used by SAS, and drawnesiaind charts by Excel. The comparison of infammean done
by method of Duncan.

RESULTS AND DISCUSSION

Results of variance analysis exert that effectriagation value on sugar beet yield, Biomass arghsyield was
significant, but percent of dry material didn't éalkfluence of irrigation value. Different amourftgotassium had
significant effect on all quantity features intsac level of 5% . (table 2)

The most of root yield in sugar beet , biomass andar yield gained on complete irrigation. Inseeaf irrigation
interval to 20 days cause 20.96 % decrease inyielt and 24 % biomass, while percent of dry mateof root
increases 5 % (table 3).It seems in drought caniti closing the stomata cause decrease valueotdgymthesis
and finally decrease in building construction leavEherefore, this action will cause decreasingomt yield and
biomass of sugar beet .

The most yield of sugar gained in complete coaddi of irrigation and the least value of it gairiaddeficit
irrigation(table 3). Because sugar yield was Miyiipg root yield and sugar percent, It's said tinatease of root
yield in complete care of irrigation is the maircttar of increase in sugar yield. Maybe the sugetent in root of
sugar beet increases, because of moisture tensiioms, but should be careful about this ; maybele of product
sugar decreases, because of decrease in root Aldrding to the report of Zahedi and Alahrnadi2) decrease
in relative water content and close the stomataag the first effect of dry stress that througstutbance in system
to build photosynthetic materials cause decredsgetd . Shabala et al.(2000) studied responsé sfigar beet
cultivar to water in different levels, they sholat growing and yield of shoot yield like root idince by shortage
of water . in the case of dry material of root ll$4and his associates (1990) reported droughtstléin't have any
effect in dry material of root. In studying the exfts of deficit irrigation on sugar beet , Mahmoadd et al. (2008)
exerted the care of irrigation has significant efffen sugar yield and conditions of deficit irrigat cause decrease
on sugar Yyield in effect of dry tension.

Table 3 : Effect of irrigation , resource of potassim and different values of potassium on root yiel , Biomass and root dry matter of
root

Irrigation Root yield Shoot yield Dry material of root Sugar yield
(tone at hectare) (tone at hectare (Percent) (tone at hectare)

complete irrigation 59/28a 20/04a 27/34a 10/60a
Deficit irrigation 43/89b 15/23 27/49a 7/17b
Potassium resource

Potassium sulfate 50/72a 18/07a 27/19b 8/89a
Potassium chloride 52/44a 17/19a 27/63a 9/22a
Value of potassium

gg/ hectare 45/17b 14/84b 27/19a 7/63c

50 49/17b 19/24a 27/94a 8/65b

100 57/83a 19/17a 27/85a 10/38a

Average in each column at the least have one conhetten . according to the Donkon multiple rangsttdon't have significant difference.(p
<0.05%)
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Based on results of data variance analysis, thexteffotassium fertilizer type wasn't significamt mot yield of
sugar beet, shoot yield and sugar yield statisgichlut percent of dry material of root influencég kind of
potassium fertilizer ( table 2) . Yield of sugaels root with using of potassium chloride ( 52tdd.ha’) was
more than the time use of potassium sulfate asires®f potassium ( table 3). In the case of sygdd , in spite
of lack meaningful difference in use of potassiuhiodde , sugar yield 9.22 ton.havas more than , when
potassium sulfate 8.89 ton‘hased as potassium resource ( table 3)

Using of potassium chloride fertilizer cause arréase on percent of dry material of sugar beetscompared to
potassium sulfate. (table 3). It seems chloridggkrole in loading and depletion of sugars iroBhi. Therefore ,
using of fertilizer containing chlorine , espeagyalinder non-saline condition through increasingramsmission of
sugar to root cause increase in quality and qyeotiproducts on sugar beet.( Chen et al 2010).

Consume value of potassium influenced root yieltbgs yield and sugar yield in sugar beekq®5%) but
statistically didn't have any effect n percent obtts dry material( table 1). As consumption ratgotassium
increase , root's yield increase ,too. The mostthadeast yield of root gained in order care 1§th&" k.0 and
control( table 1) .use of 50 kg:h&,0 cause a considerable increase on shoot yielpax@d to control. The
difference between consume levels of potassiumrB0180 kg.ha k,0 isn't important. The role of potassium in
making active enzymes cells division and growingerting and closing of stomata and loading carbatgdron
phloem are the main case of increase of root yiejdincreasing on consume values of potassiumiz (&ad
Zeiger,2006).

Fathy and et al.(2009) studied the effect of vagivalues of nitrogen and potassium on yield , ¢yadind contents
of mineral on sugar beets and reported meanirigfitease on dry and wet weight of shoot by increasin
consume value of potassium. Increase of potassawsecan increase on sugar yield. So that the neldtof sugar
in 100 kg.hd k,0 and the least of it observed in control ( tahleRdle of potassium on increasing of root yield an
percent of pure sugar is the main factor on inéngasf irrigation by potassium consumption.

Interaction of irrigation and potassium levels veignificant on yield of sugar beet's root( tablg, there is no
meaningful difference between levels of potassamount 50 , kg.Ha k0, in full irrigation treatment , but in
deficit irrigation using 50 kg.hhk,0 increased significantly root yield than contmald 50 kg.ha k,0 ( figuarel) .
Reaction dry material of root to consume value atbpsium was different in various levels of irrigat. ( table 1) .
in condition of complete irrigation , use of kg’hke,0 increase dry material of root compare to cordral kg.h#
k,0 however , difference isn't important between mantevels and 100 kg.Hak,0 statistically it isn't observed

meaning difference between various levels of patass ( figure 1)

Result of variance analysis showed impure sugaur pugar molasses sugar and sugar purity dofitein€e by the
values of irrigation and the kind of potassiumifizer while various values of potassium had digant effect on
these features . By increasing in consume raggotdssium , percent of impure sugar increase, tthat , the

least and the most percent of pour sugar observetter in control care and care 100 kg.kg0 (table 4) . Role

of potassium in photosynthesis , is through effent process of opening and closing of stomata asd al
consolidation Co2 by setting the activity of Enzyaaand its participation in transition and storesafar in root are
the main reason for increasing of sugar yield loraasing of potassium (Draycott, 2006) . Increasimuse of

potassium until 100 kg.Hak,0 , increase percent of pour sugar of root , towever , the difference between 50

and 100 kg.hak,0 wasn'timportant statistically . ( table 4 ).I&of potassium in photosynthesis and activity of

Enzymes related to sucrose synthesis and algpaitteipation in loading the sucrose to phloem famen the most
important reasons of increase in sugar's rate @er@asing in potassium consumption (draycott 20Q@jassium
consumption cause a considerable decrease in partemlasses sugar in sugar beet . However, difieg isn't
meaningful between levels of 50 and 100 kd.kg0 statistically . ( table 4 ) . increase in quabff sugar beet's
product is the main factor on decrease percenta@isses sugar in effect of potassium's consumpicrugh raise
percent of recoverable sugar and reduce of un suggerial specially nitrogen and sodium . becausergase in
this impure cause to prevent crystallization bwrses ad decrease capability extraction of sugdr Gauses
increase the rate of manufacture molasses. (Joeledth,2007)
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Figure 1: interaction of irrigation and amount of potassium on root yield and dry mater of root

Table 4 effect of irrigation, potassium resource ath various values of potassium on the rate of impursugar , pour sugar, molasses sugar,
sugar purity

Irrigation Impure sugar| Pure sugar Molasses sugal Sugar purity
(Percent) (Percent) (Percent) (Percent)

complete irrigation 19/83a 17/57a 1/89a 90/21a
Deficit irrigation 19/31a 17/38a 1/93a 90/01a
Potassium resource

Potassium sulfate 19/39%a 17/44a 1/95a 89/90a
Potassium chloride 19/44a 17/51a 1/87a 90/32a
Value of potassium

Kg. hat

0 19/05b 16/84b 2/08a 90/7a

50 19/83a 17/63ab 1/8b 90/3a
100 19/83a 17/86a 1/76b 89/32b

Average in each column at the least have one contetten . according to the Donkon multiple rangsttdon't have significant difference.(p
<0.05%)

Based on results of compare on data's mean , atitemeof irrigation and potassium resource is digant on rate
dry material of sugar beet's root ( table 1 ). mptete irrigation , use of potassium chloride irged the dry
material of root compare to potassium sulfatet, ibudeficit irrigation , there is no differencetheen various
levels of potassium resource regard to dry matefiedbot. (figure 2)

Reaction of dry material to use value of potasswms different in various levels of irrigation ( tald appendix) .
under complete irrigation , use of 100 kg/h k2ncréased dry material of root compare to witness aad care 50
kg/h k20 . however , the difference between lewédlsontrol and 100 kg/h k2o isn't important. Whitedeficit
irrigation , there is no significant difference Wween various levels of potassium ( figure 3)
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Figure 2: Interaction of irrigation and sources ofpotassium on root dry matter
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Figure 3: interaction of irrigation and using value of potassium on dry material of root
CONCLUSION

Results of test point deficit irrigation care dexge root yield , Virgo yield and sugar yield | subaet , but didn't
have any effect on percent of upper sugar , per@epbur sugar and dry material of root . Use o® k@/h k20
increased toward to witness care sulfate , roddyirgo yield , percent of impure sugar , percefipour sugar
and yield of extraction able sugar in completgation and deficit irrigation.
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