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ABSTRACT

In order to study the effects of iron sulfate sjmgyon qualitative characteristics in three cultrgaof dryland

wheat, an experiment in the form of random compidek design (RCBD) as a split plot with threeliegtions

and twelve treatments was conducted at the Resdach of Khorram Abad Islamic Azad University ire tbrop

year 2011-2012. The main plot of the spraying tresit was at four levels of marker (without sprayirspraying

with such concentrations as 2/1000, 4/000, and @1@&nd the sub-plot of the wheat cultivar was wthsthree
levels as Azar 2, Kouhdasht, and Zagros. Variam&yasis and comparing the means was conducted riin'g

characteristics, yield, yield components, proteind gluten, by Duncan Test. Data analysis showatl ghraying

treatment has a significant effect on grain yiedldd proves significant at 1% level. Maximum graield/is 8125
kg/ha, belonging to the spraying treatment withoaaentration of 6/1000 and Zagros 2 cultivar (m4u8ving a
yield increase of 3761 kg/ha compared to the mackitivar. Also, spraying has positive effects oaimgjs protein

and gluten. As spraying concentration increasessatéar weight, 1000-grain weight, and yield alsor@ase. In
addition, grain's gluten and protein percentage raseased compared to the marker treatment. It lbannferred
from the results that its genetic record mainlyedigtines the quality of plant gluten. Gluten quatisnnot change
due to variations in environmental conditions ortifeer application. Moreover, high yield in anyrdition may
not indicate more desirable protein and gluten. ltéig protein level, mainly increasing the qualitybafkeries, may
be indicative of gluten with a good quality.
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INTRODUCTION

Wheat is no doubt the most important crop, plagngajor role among the few crops cultivated atrgedevel, and
serving to start farming [6].

Increasing price of fertilizers worldwide, necegséor production economy, ground water pollutiomdasoil
structure degradation due to uncontrolled and umwisisumption of chemical fertilizers are the peot that have
to be solved by proper methods. Spraying or fohatrition is a method for decreasing chemical liedis
consumption and their environmental hazards, eajppaiowadays that toxin reduction policy and opimgy
fertilizer consumption is under discussion. An impat strategy to increase the concentration afetelements in
grains is fertilizing the plants with soil or spiag [5].

Iron is an immobile element; therefore, its defiwig is evident in young leaves. It is quite necgssachlorophyll
synthesis, hydrocarbon production, respirationya$f as oxidation and reduction operations in @arton rate
varies from 400 to 200 P.P.m in plant tissues. H@meits rate must be more than 100 P.P.m in heglénts. Its
main sign is chlorosis usually seen in young ledvgs
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Iron deficiency has developed in almost 30 peroérnibe soils under cultivation around the world. [B] addition,
iron absorption decreases in the soils with lawanig matters [8]. Numerous experiments have beealusied
about the application of trace elements in the dyowhose results have showed that their applicatioinonly
increases quantitative and qualitative yield, bs &ncreases their amounts in wheat grains [10].

Mohammad Arefet al (2006) reported that wheat biological yield hagiicantly increased with spraying trace
elements. Maximum biological yield with trace elertsehas been 4,833 kg/ha, which has had a signifinarease
compared to the marker with minimum biological gief 1,343 kg/ha. These results are consistent thétreports
by Torunet al (2001), and Canad al (2002).

Amal et al (2006) stated that the effect of spraying congpfettilizer on wheat in different proportions Haeen
significant compared to the effect of the markergoain yield, straw yield, biological yield, hartésdex, grain's
hydrocarbon and protein percent.

To become self-sufficient in crops, especially ttiategic plant, it is required that the rate ield/in surface unit
increase, and micronutrient elements play a vemyontant role in increasing yield and improving tiaalitative
status of crops [19].

Considering the expensive cost of the fertilizevataining micronutrient elements and economic poisl about
the extension of consuming the fertilizers contagnthe trace elements, it appeared necessary tg oat an
experiment on the effects of consuming the fedikzcontaining micronutrient elements through spgaynethod.

MATERIALS AND METHODS

To study the effects of iron sulfate spraying oeldyiand some qualitative characteristics of thréeat cultivars,
this experiment was conducted at Kamalvand arekihiorram Abad with an altitude of 33°2@a longitude of
48°17, and a height of 1147.8 meters above sea levileircrop year 2011-2012. There are 285,000 hectdres
annual farmlands in Lorestan, of which 196,000 & is allocated to dryland farming. The precifitarate was
298.1 mm in the crop year in which the experimeaswonducted. After providing the required farmldmdthis
research, the pilot map of the split plot in theriamf random complete block design (RCBD) with tveetreatments
and three replications was prepared by cultivatimge dryland wheat cultivars (Azar 2, Kouhdasht] Zagros).
The main plot (M) of the spraying treatment of roimatrient elements was at four levels of marker)(ra well as
spraying with such concentrations as 2/1000 (m2)0@D (m3), and 6/1000 (m4). The dissolved ferilizype
containing iron was prepared by using iron sulfasources with such ratios as 2/1000, 4/1000, #&@D6, and was
consumed during development. The treatment subfg@lodf wheat cultivar was at such three levelg\aér 2 (v1),
Kouhdasht (v2) and Zagros (v3).

In order to provide and reinforce the elements ireguby wheat, the amounts of the consumed festiliavere

determined based on the results of soil test aitidadrlimit of nutrient elements. The needed ravégphosphate,
potash, and nitrogen fertilizers were used accgrttnthe suggestion proposed by the Iranian Iristitd Soil and

Water Research. All the phosphate and potashifert], as well as one-third of nitrogen fertilizerere used before
cultivation and two-thirds of the remained nitrodeentilizer was used as surplus on condition of shaie at the
tillering stage. The seeds, in mother category iandeated form, were provided from the Institube Research,
Registration and Certification of Seed and Seedhhd orestan Province Research Center for Agriceltand

Natural Resources affiliated with Lorestan Providggicultural Jihad Organization. MSTATC computeftsiare

was used for analyzing the data variance and canmgp#reir mean (by Duncan Test), and the diagram®wrawn

by Excel software.

Table 1:Results of the chemical analysis of experint site soil before cultivation

Total Organic Available Available Potassium Fe-P.P.m Mn- Zn-
Nitrogen (%) Carbon (%) Phosphorus (P.P.m) (P.P.m) C P.P.m P.P.m
0.12 1.16 9.8 330 8 74 0.7
Cu-P.P.m bH Ec Neutralized Matters Sail Particles Percent Soil texture
percent (lime) (clay, sediment, sand)
0.62 7.8 0.67 25.2 21, 46, 33 Clay loam
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RESULTS AND DISCUSSION

The results from variance analysis and compariegntieans of the grains' yield influenced by conegiatns of
spraying with iron sulfate and wheat cultivars shibnat it has a positive effect on grain's yieldd dras become
significant at one percent level (Table 2).

The results of comparing the means of sprayingvetmeht cultivar interactions on grain yield showedttmaximum
grain yield belongs to m4v3 treatment with a comdion of 6/1000, and Zagros cultivar (m4v3), lie®il25
kg/ha, having 3761 kg/ha yield increase comparethéomarker treatment (Table 4). The results cpoed with
those obtained by Tandon (1995), Cakmatlal (1996), and Yilmazt al. (1997). It appears that iron sulfate
spraying, with a concentration of 6/1000, has iasegl grain yield by increasing the photosynthetiividy of
leaves, and more dry matter accumulation, andipesffect on 1000-grain weight.

Mohammad Arekt al. (2006) reported that maximum wheat grain yieldbsained by spraying with micronutrient
elements having different concentrations, whichresgonds with the results of this research.

The results of variance analysis and comparingrieans showed that biological yield characterigtimfluenced
by different concentrations of spraying with irarifate and has a significant difference at one garéevel. In this
study, interactions of spraying and wheat cultif@rbiological yield showed that maximum yieldcibhg 181.2
kg/ha, belongs to spraying with a concentratior6/d000 and Zagros cultivar (m4v3), and minimumlddaal
yield, being 116.6 kg/ha, belongs to the markeattrent and Azar 2 cultivar (m1vl) (Tables 2 and 4).

Mohammad Arefet al. (2006) in an experiment showed that maximum lgiclal yield, 1,333 kg/ha, compared to
the marker treatment, having a very significantéase, was obtained because of spraying trace mfenmewheat
at maturation stage.

The results of variance analysis and comparingnteans showed that straw yield characteristic infted by
different concentrations of spraying with iron siéf is positive and significant at one percentlli¢Vable 2). The
results of comparing the interactions of sprayind avheat cultivar on straw yield showed that maxn straw
yield, 100 kg/ha, belongs to spraying with a caniion of 6/1000 and Zagros cultivar (m4v3), anthimum
straw vyield, 73.02 kg/ha, belongs to the markeattreent and Azar 2 cultivar (mlvl) (Table 4). Baitwbuand
Malakouti (2003) , conducting an experiment, statkat maximum straw yield was obtained by consgmin
18kg/ha iron sulfate and 21 kg/ha manganese.

Studies have showed that grain yield, iron conegiotn in wheat grain and stubble, and protein peege

significantly increase by consuming the fertilize@ntaining iron [20, 3]. The researchers, in theiperiments,
concluded that using iron and manganese in soilelkas their spraying and simultaneous applicatiomvheat

leads to yield components increase, their conceotrancrease in grain and stubble, and proteicg@age increase
[16, 15]. The percent and quality of protein ahaten is one of the most important internal chardstics in wheat
grain. Although wheat is usually known as a gragmtaining starch, its proteins are considered asniost

important biological and metabolic compounds. Gndhe hand, proteins are source of required nitrage amino

acids during embryo sprouting. They are, on themland, regarded as a significant factor in bakmeghanism

and bread's nutritional value. In time of wheatvkat, increasing the amount of wheat is consideredts

guantitative improvement, and increasing the amadinproteins and their types as its qualitative riovement.

Generally, it is more likely that as grain's yi¢tfuantitative improvement) increases, crop's qudiftat is, the rate
protein deposit and its amount also increase (@@ improvement).

The results of variance analysis and comparingntleans showed that grain's protein influenced bfemiht

concentrations of spraying with iron sulfate wasifiee and significant at one percent level. Cormmathe means
of grain's protein for different spraying treatmesitowed that maximum protein percent belongs t@yspg

treatment with a concentration of 6/1000 (14.61 9d)ich has increased 4 percent compared to the enank

addition, the highest protein percentages belorgptgros, Kouhdasht, and Azar 2 cultivars, being3312.83, and
11.50 percent, respectively (Table 3).

Today, it is proved that wheat genotype (cultivarn important factor in determining the amounpitein so that
different wheat cultivars have different proteitesaat similar environmental conditions. This iradés the effect of
heredity factor on protein percentage in wheatrgriioreover, grain protein is influenced by clingationditions.
Research has proved that dryland wheat has moteiprinan wetland wheat. In addition, wheat gramsvarm
regions are more enriched in protein sources thaset cultivated in cold areas (8 to 20 percent).
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Gluten is another important biological and metaba@dmpound in wheat grain. The amount of wheatseg|

effective in baking bread, is a function of totall itrogen. However, gluten's biochemical compdamd the rate
of its amino acids mainly depend on wheat genotyWbeat nutritional value and quality is determir®d the

amount of grain's protein; therefore, gluten plagsmportant role in this connection. Gluten is posed of gliadin
and glutenin [13]. The amount of gluten, in thetfiphase, depends on climatic conditions as wehl@sate of soil
nitrogen, and its quality is a function of gendéctors.

Miezanet al (1997) stated that late nitrogen application éases grain's protein. However, there is no sigaifi
change in its vegetative growth. Research restiiesefore, showed that protein rate has increasédd 2.1
percent, and gluten 4.7 to 6.5 percent [13]. Ni#rotertilizers mainly increase the quantity of dim[11].

The quality of plant gluten is largely determined its genetic record. Gluten's quality cannot cleadge to
variations in environmental conditions or the u$éedilizers. Higher protein levels mainly causit@yincrease the
quality of bakeries are indicative of gluten's dmyallt is the rate of wheat gluten which deternsints quality. In

spring and autumn, hard red wheat has more gltibemefore, it has a high nutritional value to mékead. The
amount of wheat gluten largely depends upon clienatinditions. However, its quantity may be increlaby

breeding wheat seeds. Grain's gluten is influetgedimate to 70 percent, and by cultivar up top&@cent.

The results of variance analysis and comparingnieans showed that grain's gluten has become positid
significant at one percent level, influenced bytbacentrations of spraying with iron sulfate (TeaB).

In this study, interactions of spraying and whadtizar on the above-mentioned trait showed thakimam grains
gluten (28 percent) belongs to spraying with a eotr@tion of 6/1000 and Zagros cultivar (m4v4), amdimum
grain's gluten (20.83 percent) belongs to the miarkatment and Azar 2 cultivar (m1vl) (Table 4).

Harvest index is obtained by the ratio of graicsr@mic yield to its biological yield [6]. Harvesidex is known as
important physiological criteria in crops. This qooment shows the efficiency, especially the econamnie, of the
produced matters in various organs. This traiigeély influenced by environmental changes, andyiglication
may be useful only when its variation from one emwiment to another is parallel to yield variati¢@ps

The results of variance analysis and comparingnbans showed that harvest index, influenced byysgrawith

different concentration of iron sulfate had a digant difference between different treatmentstHis study, the
results of interactions showed that maximum harwedtx (45.18 percent) belongs to spraying treatrméth a

concentration of 4/1000 and Azar 2 cultivar (m3vdnd minimum harvest index (37.40 percent) beldiogthe
marker treatment and Azar 2 cultivar (mlvl) (Tablend 4). It seems that spraying treatment witbrecentration
of 4/1000 has a green level and lower photosyrthesttivity due to spraying with lower concentration other
words, plant tissues have a lower vegetative grptiterefore, they have a lower biological yield amdigher
harvest index.

Table 2: Variance analysis of yield and qualitativecharacteristics in 3 dryland wheat cultivars influenced by spraying with iron sulfate

Mean Squares (MS)
Variation Rate of Grain Biological Straw Grain's Grain's Harvest
Resources Freedom Yield Yield Yield Protein Gluten Index
Replication 2 0.489 ns 1.108 ns 1.338n 1.174 ng .271ns 0.093ns
Spraying (A) 3 758.875 1614.737 203.217 26.324 16.481 62.080
Error a 6 0.548 9.712 2412 0.164 0.558 0.325
Cultivar (B) 2 687.160 4578.830 1710.536 15.361 60.896 3.115
Interaction (AxB) 6 9.726 29.674° 35.209 0.102 ns 0.294 8.367
Error b 16 0.463 6.663 0.885 0.125 0.069 0.225
Variations 1.07% 1.71% 1.08% 2.79% 1.07% 1.12%
Coefficient
ns, *, ** are insignificant, significant at probadlity levels of 5 and 1 percent, respectively.
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Table 3: Comparison of mean yield and qualitative lsaracteristics in 3 wheat cultivars influenced by graying with iron sulfate

Treatment Grain Yield Biological Yield Straw Yield Grain's Protein Grain's Gluten Harvest Index
(kg/ha) (kg/ha) (kg/ha) (%) (%) (%)

m1 (marker) 51.35d 134.3d 83.02 b 10.61d 23.26 ¢ 38.23 ¢

m2 (2/1000) 62.75 ¢ 1456 ¢ 82.88 b 12.17c 24.28 b 43.09 b

m3 (4/1000) 66.99 b 1574 b 90.44 a 13.39b 25.06 b 42.56 b

m4 (6/1000) 73.12a 1649 a 91.81a 14.61a 26.28 a 44.34 a

vl (Azar 2) 55.43 ¢ 129.1c 73.74 ¢ 11.50c 22.13 ¢ 42.93 a

v2

(Kouhdasht) 64.84 b 155.3b 90.52 b 12.83b 25.46 b 41.75b
v3 (Zagros) 70.39a 167.2a 96.84 a 13.75a 26.42 a 42.09 b

Means of each characteristic in each group witleast one letter in common have no significanedsffice at 5% probability level.

Table 4: Comparing the mean interactions of sprayig and cultivars on yield and qualitative characterstics in 3 dryland wheat cultivars

with Duncan test

Treatment Grain Yield Biological Yield Straw Yield Grain's Protein Grain's Gluten Harvest Index
(kg/ha) (kg/ha) (kg/ha) (%) (%) (%)

mivl 43.64 | 116.66 k 73.02i 9.50 h 20.83 g 37.40
miv2 53.12i 137.50 h 84.38 g 10.67 g 23.67 e 38.63
miv3 57.29 h 148.96 f 91.67 e 11.67 ef 24.67d 38.4
m2vl 56.25 h 125.00 68.75 ] 11.17 fg 21.83f 45.00 a
m2v2 61.87 f 149.16 e 87.29 f 12.33d 25.00d 41.47d
m2v3 70.12d 162.70d 92.58 de 13.00c 26.00 c 43.09 c
m3vl 59.31¢g 131.25i 71.94 i 12.00 de 22.00 f 45.18 a
m3v2 68.75 e 165.00 d 96.25 ¢ 1350 ¢ 26.17 ¢ 41.66d
m3v3 7291c 176.01 b 103.10 a 14.67b 27.00 b 41.42d
m4vl 62.50 f 143.75¢g 81.25h 13.33¢ 23.83 e 43.47c
m4v2 75.62 b 169.79 c 94.17d 14.83 b 27.00b 44.53 b
m4v3 81.25a 181.25a 100.00 b 15.67 a 28.00 a 44.82 b

Means of each characteristic in each group witleast one letter in common have no significanedsffice at 5% probability level.
CONCLUSION

According to the results from variance analysistttd data obtained from iron sulfate spraying witffedent
concentrations at wheat growth stages during a geaonducting the experiment, it was witnessed Hpaaying
treatments have influenced grain yield, yield congrds and qualitative characteristics in graimtstgin and
gluten, having become significant at 1% level. gdtaying treatments have showed higher yield inpaoiaon with
the marker. Maximum yield increase in treatmentdeunspraying with iron sulfate has belonged to Wp
treatment with a concentration of 6/1000 and Zagwdtvar (m4v3). This treatment, with a yield meah7312
kg/ha, has had a yield increase of 2177 kg/ha cosdp® the marker. It seems that this concentratifospraying
may increase grain yield by increasing leaf phatttsstic activity and ultimately more dry matter agailation and
positive effect on 1,000-grain weight increase. isa protein and gluten have been among qualitative
characteristics under study in this research. Eselts of correlation between these two charatiesisvith other
ones cannot be a reason for their quality increAskigh percent of grain's protein and gluten isedmined by
genetic properties and environmental conditionsweler, strides may be taken to improve the quatityuch
characteristics by breeding. Because the appicatf spraying the trace elements leads to maxirgigid and
efficiency of the resources, and their use, in agigror compound forms, causes some changes in gedd, it is
predicated that the yield of these elements, wtssd un sporadic form, is more than their compouwninf It is
suggested that the compound forms of these miatientielements be applied to prove this factor nsronutrient
elements are not insufficient everywhere, it isigeld that soil test become generalized for sugugstie solution.
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