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ABSTRACT

Due to limited water resources, research on thenoping irrigation water use an decrease in yieler unit of
water used is very important. Thus, a field stu@dg wonducted in 2010 at Research Fields of Unitersi Azad
(Karaj) to evaluate the effect of IFI and humicdcinder deficit irrigation and without drought sé®on water use
efficiency and some sugar beet traits. The treatrfestors were irrigation methods at two levels (@entional
furrow irrigation (CFI) and intermittent furrow iigation (IF1)), humic acid application at three lel¢ (zero humic
acid control, foliar application of humic acid, afimic acid application with irrigation), water &ss at two levels
of intensity (based on 40 and 70% depletion of lalsée soil moisture). Irrigation methods and watsress
treatments were as the main plot s and applicatibhumic was as the subplot. water use efficieMe¢WIE), Total
WUE, root yield (RY), WSY (white sugar yield), ltditg matter (TDM), harvest index (HI) were estietht Results
indicated that statistically significant interactie between irrigation methods x humic acid on rgald and
irrigation levels x humic acid on root yield (at £0.01 and P<0.05, respectively). Results also showed that WUE
and Total WUE were affected by irrigation methagts that IFI method could enhance water saving by@3-or
RY, WSY, the best results were obtained from haaiitwith irrigation (76.94 and 7.94 ton H§ respectively).
Furthermore, WUE, RY and TDM (at€0.01) and WSY (at £0.05) were affected by stress levels.
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INTRODUCTION

Most regions of the world are subjected to drougfatter shortage is one of the most important problerhich
human minds have focused. Water is one of the mgxstrtant requirements for plant. Due to the stgwtaf water
over the world, providing strategies such as prapgration methods, irrigation management, whifeeong ways
to reduce and control the negative effects of wstigzss in plants and varieties more resistantaemetc., to save
water in agriculture is critical and should be &gty research. To increase water use efficienJE), according
to its calculation method, it should be used wdng either to reduce water consumption or to irsgeaop yield
[6]. Intermittent or alternate irrigation has beeidely used in U.S.A. since 1962 and in the cutfiva of potatoes,
corn, sorghum, sugarbeet and cotton have had gesdts [8]. Samadi and sepaskhah [18] studied tihrigation
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methods (constant intermittent, variable intermitteand normal furrow Irrigation method) on dry be&esults
showed that water consumption was lower under aahgtnd variable intermittent furrow irrigation cpaned to
conventional irrigation (a decrease by 20 % ané@Tespectively).

Pandian et al. [16] observed that water use effaiencreased by 43-46 % under intermittent furimigation than
conventional furrow irrigation. An experiment cowtied by Webber et al. [26] on peas and beans bigblar
intermittent furrow irrigation demonstrated th&ag was more resistant to deficit irrigation asdyield increased
by 0.13 kg ri? with intermittent furrow irrigation. Aujla et a[5] studied effect four irrigation method including
unplanned furrow irrigation (conventional irrigatip planned furrow irrigation, intermittent furrowrigation, and
furrow irrigation with two rows on the stack, onttom growth and yield. Results indicate that théevaupply for
the planned irrigation treatments was better coegavith conventional irrigation, so that the maximuwvater
supply was detected under intermittent furrow atign, followed by furrow irrigation with two rowen the stack.
Bauder and Ennen [6] reported that water consumpticoybean was decreased by 46 % with interntifterow
irrigation in comparison to conventional irrigatidResult of this study confirmed that WUE for imtéttent furrow
irrigation and conventional irrigation was 6.1 @8 kg h& per ml H0, respectively, and the rate of surface runoff
by intermittent furrow irrigation was lower tharattof conventional furrow irrigation.

Application of biofertilizers, i.e. humic acid, cdre effective without environment destructive inpgarticularly
under variable environment conditions [9,19]. Thaesifive effects of organic acids on yield and dqyalbf

agricultural products induced at low rates havenlreported by Samavati and Malaliuti [19]. Accoglio Aiken et
al. [3], foliar application of humic acid at a rai&54 mg/L could increase wheat root length andrdatter by50%
and 22%, respectively, nitrogen uptake also in@@asgnificantly in the presence of humic acidtha survey of
the effects of humic acid on yield, dry and wetgtwiof oat Padem et al. [14] found that applicatidmumic acid
at a rate of 100 mg per pot increased remarkalylyadd wet weight of oat.

The effect of various humic acids on enzyme agtioftphosphatase was studied by Vaughan and lingtgnthey
found that humic acid inhibits phosphatase actiwitywheat roots through combining and creating demith the
enzyme. Lee and Bartlett [12] showed that appbca8 mg.L* of Na Humic acid increased strongly the root
volume of maize grown in a soil with low organic ttea content. Kelting et al. [11] found that thenfia acid
extracted from leonardite increased root lengtheof maple. Similar results for sugarbeet [20] araizm [4] have
also been reported.

The objectives of this study were to determine aathpare the influence of intermittent furrow irrige and
conventional irrigation on WUE and some of sugarlests, and evaluate the influence of humic aamd its
application methods under normal irrigation andugittt on WUE and some of sugarbeet traits.

MATERIALS AND METHODS

The field study was performed in 2010 at Karajnl¢a@5°45' N, 51°6'E, 1331 m), with soybean growa iclay loam
soil with pH of 7.6 and 5.55 ds:fsoil water conductivity at the depth of 0-30 cifhe experiment was a split plot
factorial with a randomized complete block desiging three replicates. The first treatment factas wrigation
methods at two levels (normal furrow Irrigation acwhstant intermittent furrow Irrigation). The sadotreatment
factor was application of humic acid at three lev@ero humic acid control, foliar application afrhic acid, and
humic acid application with irrigation). The thitceatment factor was two levels of water stress¢bdaon 40 and
70% depletion of available soil moisture). Irrigatimethods and water stress treatments were asatimeplot s and
application of humic was as the subplot. Soil wdepletion and thus Irrigation time was determinsthg gypsum
blocks previously calibrated using moisture depleturves provided by Paknejad et al. [15] (Figlre

The sugarbeet“Rasoulmonogerm cultivar” was sowdeatred density (100000 planthaseeds spaced 20 cm apart
in rows spaced 50 cm apart on 10 May 2010. Eachipbdtuded six 5-m-long rows. To prepare the seddieep
plowing (20-25 cm) was carried out with a moldboplolugh each year in the fall followed by diskimgthe spring.
Based on the soil test results, super phosphate &ind urea were applied before planting at acafi®0 and 100
kg ha', respectively. Moreover, 100 kg h&l (as urea) was added at the 6leaf growing sthgegarbeet.

Due to the early stages sensitive to environmesttaks, plots were irrigated since germinationestagfull deploy
ment of crop and drought stress was applied ataB4tage of sugarbeet growth. Under intermittenmtofu
irrigation, furrows up and down were closed inteteritly in the full establishment of crop. Humiddwas used by
spraying and along with irrigation at three sta@@lanting, 8-leaf, and 12-leaf stages) accordingapplication
method. The rate of Humic acid application was $1&4

188
Scholars Research Library



Mehdi Sadeghi-Shoaet al Annals of Biological Research, 2013, 4 (2):187-193

At the crop maturity, plants were harvested frorn tentral rows in an area measuring® Riants were transferred
to the laboratory for quantitative analysis afteparating shoots of roots. The harvested roots washed with
gently running water and dough samples was prepaedomly from the total roots by automatic machéfier
weighting, the nit was placed in special trays #mel samples were covered with nylon cover. Thestragre
transferred to a refrigerator with -20 °c and thaalyzed for sugar content and sugar yield wasrodta
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Fig.1. Calibration and changes of electrical conduivity of gypsum blocks[15]

Amount of water received by each plot and during gnowing season were determined with Washingtate st
college flumes. Several methods were applied tosoreawater use efficiency (WUE). However, the cartiomal
method is by dividing the Obtained dry weight/thatev loss through evaporation and transpiratiorsulgarbeet is
generally based on sugar yield/used water. By taiog rate of consumed water, sugar yield conteat
calculated for each treatment. WUE and Total WUEevadso calculated according to the following eoprest:

WUE= sugar yield (kg b8/ consumed water (thha)
Total WUE=biomass ((kg i3/ consumed water (fhha)

All data were subjected to ANOVA using the GLM pedare of SAS (SAS Institute, 2002). Treatment meesre
compared using Duncan’s Multiple Range Test at ®05. The graphs were fitted using excel 2007ssiizl
software.

RESULTS AND DISCUSSION

Wateruse efficiency (WUE)

WUE affected by environment and genetic factorkutated based on kg frper unit area. The result of ANOVA
showed significant effects of irrigation methods\WWRJE (at P< 0.01), so that intermittent furrow Irrigation had
higher efficiency than conventional furrow irrigati (0.58 kg rif vs. 0.38 kg i, respectively) (Table 2), indicating
saving and reduced water consumed by IFI compave@Rl. According to results, although there were no
statistically significant differences between twidgation methods on root yield, sugar, white sygad other traits,
IFI method with a lower water consumption produtieelsame yield. Water consumption in IFl and CF$ Wwa424
m>ha’ and 11986 riha'respectively, while yield rate was similar. Indeadput 35% water saving under IFI.

The result of ANOVA demonstrated significant eflecf humic acid on WUE (at R 0.01), so that the highest
WUE (0.54 kg %) occurred by application of humic acid along withter irrigation. No significant difference was
observed between foliar application of humic acid antreated control (0.47 kgthand 0.42 kg i, respectively)
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(Table 2). This result represents that with the esamater consumption sugar yield was higher by huatid
application through irrigation.

Result also indicated that WUE affected by irrigatievels (at K 0.01). Drought stress showed a higher WUE than
normal irrigation (0.53 kg fvs.0.42 kg i, respectively). Although stress level resulted iower yield compared
to normal level,its WUE was greater because of tomegter consumption.

Total WUE

The result of ANOVA showed significant effects afigation methods, humic acid, irrigation levels total WUE
(at P< 0.01). Mean comparison indicated that total WUBamiFI was higher than that of CFI (1.10 k¢’ and
0.71 kg i, respectively) (Table 2). The rate of sugarbeeldr{root yield, white sugar yield, ...) under IFica@FI
methods was similar, although IFI had a less watersumption than CFl (11986 kg3nvs. 18424 kg m,
respectively).

Application of humic acid with irrigation could irease total WUE (0.99 kg fhand produced a greater total dry
matter. Also, mean comparison of irrigation levelowed that drought stress with 0.99 kg of total WUE
hadBetter performance compared to normal irrigatioth 0.88 kg i of total WUE. While deficit irrigation
produced a less dry matter compared to normahitiog, total WUE of stress conditions was too less.

Root yield (RY)

The result of ANOVA showed no significant effecfsimigation methods on RY (at £0.01) (Table 1), indicating
that CIFI method had a higher efficiency on RY ti@H. This result is consistent with previousstgdigjla et al.

[5] on grain corn. Samadi and Sepaskhah[18] frotal twater entering into the furrow under IFI methabout 47
% and 53 % was saved in non-irrigated and irrigdtecbws, respectively. According to the statemesftshese

researchers, under IFI method plantwas not affdeyedater stress during the growing season whighishmay be
a reason for no sugarbeet yield loss.

Result showed that RY of sugar beet was strondécegfd by humic acid (at£0.01) (Table 1). The maximum and
minimum root yield of sugarbeet occurred in ploithvand without humic acid application (76.94 ardid13 ton ha

! respectively).lt is not worthy that RY of sugaeben foliar application of humic acid was loweaththat of humic
acid application by irrigation (Table 2). The prmatsstudy indicated a 25 % increase in sugarbeeuRder humic
acid application with irrigation. These findingedn agreement with previous studies on sugarbgetPadem et
al. [14] found that eggplant and peppers yieldsdased by 20-40 %. According to Tana and Nopamodh [23],
humic acid could enhance available elements as agelhcreasedfresh and dry weigh to froots in chfiié plants
[17,10,21,13,2].
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Fig 2.Intraction effect of irrigation levels(A)x Humic acid(C) on root yield
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The result of ANOVA showed significant effects ofigation levels on RY (at R 0.01) (Table 1). The RY of
sugarbeet in normal conditions was improved rentdykeompared with drought stress (80.59 tot tis. 60.22 ton
ha', respectively) (Table 2). Sugarbeet yield and ghoveduction under drought stress has been repdayed
Abdollahian-Noghabi and Williams [1]Cooke and Sd@itreported that drought stress reduced the draftsugar
beet especially reduced the cell inflammation artdeéased the soil potential.

Also, results demonstrated that significant diffexes exists (p>0.05) between interaction effectgation levels
and humic acid on RY (Table 1). Accordingly, un@fl the greatest RY (87.63 tonHaoccurred when humic
acid applied with water irrigation, followed by #@t application of humic acid (87.63 tonHaHowever, no
significant different between different levels oater stress (irrigation levels) on RY was found>(p05).While,
lowest RY(68.34 ton Y was detected in plots without humicacid. Moreowerder drought stress the maximum
and minimum RY was related to plots with humic aaplication in water irrigation andwithout humicid, 66.24
ton ha'and 53.92 ton h§ respectively, indicating large effects of humaidsalong with irrigation compare with its
foliar application in drought stress conditionsgiiie 2).

The result of ANOVA showed that significant diffaes exists (p>0.05) between interaction effecaigaition
methods and humic acid on RY (Table 1). As obseiwvdtgure 2, under CFl system application of huaga with
irrigation showed the highest RY (77.06 torthand plots without humic acid produced the lowé&t36 ton ha),
while in IFI method the most RY were detected iatplwhich humic acid applied along with irrigatiand plots
with foliar application of humic acid, 76.84 ton“hand 74.65 ton h respectively. Furthere more, the least RY in
IFI occurred in plots with no humic acid applicati(s9.91 ton hd) (Figure 3).
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Fig 3.Intraction effect of irrigation method(B)x Humic acid(C) on root yield

White sugar yield (WSY)

The result of ANOVA demonstrated no significanteeté of irrigation methods on WSY (at<P0.01) (Table 1).
Also, results indicated significant effects of haraicid application on WSY (at £0.01) (Table 1), so that humic
acid could increase WSY by 27 % compared with atéré control which correspond with results of Saacét al.
[20] and Sladky [22]. However, according to TableHere was no significant difference between &ailbn and
non- application of humic acid in foliar applicatianethod, this can be attributed to sugar contedugation in
humic acid levels through spraying method comp#&washtreated control.

WSY was not affected by the different levels ofgation (at P< 0.05).Herenormal irrigation with average 7.34 ton
ha® was in a higher level in relation to drought ssregth 6.52 ton ha (Table 2).

Total dry matter (TDM)

The result of ANOVA exhibited no significant diffemces of irrigation methods on TDM, while TDM affed by
the level of humic acid (at £ 0.01) (Table 1). The maximum TDM (14.45 tori*havas obtained from humic
application through irrigation and the lowest TDMIL(54 ton hd) was observed when humic was not applied
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(Table 2), indicating optimal photosynthesis atyias a result of irrigation with humic due to doencreases oll
nutrients and growth-stimulating effect of the haracid. Padem et al. [14] found that eggplant aggpprs yields
increased by 20-40 %.

No significant differences between the irrigati@vedls on TDM were also reported (Table 1). Mean famison
indicated that normal irrigation with 15.19 tonfi@M had a higher performance than that of drougress with
11.30 ton ha. This may be because of less photosynthesis gcéinid lower absorption ability of crop under stres

[7].

Harvest index (HI)

Sugarbeet HI was not affected by irrigation meth@sble 1). Based on the results, HI was affedtgchumic
levels (at P< 0.05).The greatest HI (55.16 %) occurred with hwigdplication through irrigation, followed by
irrigation without humic application (53.83 %). fhermore, the lowest HI (49.58 %) was obtainedeurfdliar
application of humic. This is probably due to grbwshoot due to humic spraying and plants tendltxae more
assimilates to shoot[21,2].

Table 1.Results of analysis of variance for qualitave and quantitative traits in sugar beet

SOV df _V_Vater use T_o_tal water use _ Root White sugar Tota}l dry _ Harvest
T efficiency(WUE) efficiency(TWUE) yield(RY) yield(WSY) weight index(HI)

Replication 2 0.009 0.10 131.4076 1.6238 2.98 39.36°
I'”'gat'on 1 041" 0.23" 3733.2100 7.4802 135.87* 667.36
evels(A)
Irrigation - s s s s
method(B) 1 0.35 1.33" 0.1344 0.2550 0.003 8.02
AxB 1 0.009¢ 0.004* 0.1600¢ 0.5550" 0.016" 26.69"
Error (AxB) 6 0.002 0.006 30.6021 0.4022 1.03 27.47
Humic acid(C) 2 0.043 0.13" 1633.4869 9.2861 55.30" 102.02
AxC 2 0.00% 0.007" 182.0175 0.1785%¢ 7.307 3.69"
BxC 2 0.008 0.018¢ 45.5548 1.3878 1.7@* 34.19¢
AxXBxC 2 0.004 0.006" 8.1490¢ 0.0564 0.2% 1.19¢
Error 16 0.002 0.01 6.2693 0.5136 0.24 26.40
C.V.(%) - 10.33 4.33 3.55 24.72 3.77 9.72

In each column, ns, * and ** means non-significant significant at 0.05 and 0.01 probability lewespectively

Table 2.Comparisons of means for traits in sugar et

Water use Total water use Root White sugar Harvest
- L . ) Total dry )
Treatment efficiency efficiency yield yield weight index
(WUE) (TWUE) (RY) (WSY) ton/h) (HI1)
(kg/n?®) (kg/nt) (ton/h) (ton/h) ( (%)
Irrigation method
normal 0.38b 0.71b 70.46a 7.06a 13.25a 53.33a
intermittent furrow 0.58a 1.10a 70.34a 6.89 13.23a 52.38a
irrigation
Humic acid
zero humic acid 0.42b 0.79c 61.13c 6.22b 11.54c 8%k
With irrigation 0.54a 0.99a 76.94a 7.94a 14.45a 165,
Foliar application 0.47b 0.94b 73.14b 6.75b 13.75b  49.58b
Irrigation levels
normal 0.42b 0.88b 80.59a 7.34a 15.195a 48.55b
stress 0.53a 0.93a 60.22kb 6.52b 11.30b 57.16a

Mean with the same letters in each column havesigeificant differences at 0.05 and 0.01 probapilével.
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