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ABSTRACT

Tillage operations and provision of plant nutrients are one of the necessary strategies for increasing the yield of
winter rain fed chickpea crops. Due to lack of information on seedbed preparation and the effects of nitrogen
fertilizers on the chickpea properties, this study experiment was conducted to determine the effects of applying
nitrogen fertilizers and those of tillage on the quantitative and qualitative features of rain fed chickpea in the
province of Lorestan during the cropping year 2012-2013. We employed the split plot design in the format of
randomized complete block design with three replications. The main plots included T; (burning plant residue +
plowing with a moldboard plow + two disking operations), T, (plowing with a chisel plow+ two disking operations),
T; (three disking operations), and T, (zero tillage). The sub-plots included the various rates of applied nitrogen
fertilizers: N; (Zero), N, (46), N5 (69), and N, (92 kilograms per hectare). Results of variance analysis showed that
there were very significant differences between various types of tillage and different rates of nitrogen application
with respect to the features of biological yield, number of seeds per plant, number of single-seeded pods, number of
double-seeded pods, number of fertile pods, percentage of seed protein, and seed yield. The maximum seed yield
(1415 kg/ha) belonged to the T, treatment (burning plant residue+ plowing + two disking operations), and the
maximum seed yield of nitrogen treatment (1223.3 kg/ha) was observed in the treatment of applying the highest rate
of nitrogen (N, ). Furthermore, the mutual effects of tillage and nitrogen fertilizer application were significant on
seed yield, and the maximum seed yield (1553.3 kg/ha) was obtained in theT;N, treatment.
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INTRODUCTION

Pulses make up about two percent of the total algui@l production in Iran. Among the pulses, clpiek rank first
with respect to acreage under cultivation and treymainly grown in the western part of the countigpecially in

the provinces of Lorestan and Hamadan [1]. Typesedficed tillage, together with nitrogen fertilizgoplication,

not only allow optimal use of water and plant rerits found in the soils but also increase yieldstadtially

[8].Farming systems involving zero tillage, or redd levels of tillage, rotatating crops, and lasgale returning of
crop residues to the soil can increase the prodba®dass and diversity of soil micro flora actigi&icompared to
the customary cultural practices [3]. Tillage irases rooting through improving soil physical coiedis, but this
improvement is possible if there are no hardpaeg de the soil [4].

Plant residue management is one of the farmingesfies employed in sustainable agriculture. Witlisa in the
yield of some crop plants, the total plant resithaeases as well. This can lead to an improverimesbil organic
matter content [6]. Nitrogen increases the levdbiomass production and redistributes the phottstitt, and thus
causes more seeds to be produced and filled kadtesrflowering [10]. Correct application of nitrey fertilizers,
together with the use of plant residue, may inaeaaesp yield. Plant residues on the soil surfacedscrease water
evaporation, crusting, and the formation of a gKifine material on the immediate surface of thi @e well, and
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thus improve soil in filterability and reduce seitosion [7]. Plant residues can decrease the effgictlimate
changes through soil organic carbon sequestratidncampensation of carbon dioxide and other greesdhgases
emission [12].

The main purpose of this research was to studeftleets of various methods of tillage, the effesftslifferent rates
of nitrogen fertilizer application, and their mutedfects on the quantitative and qualitative feasuof rain fed peas.

MATERIALS AND METHODS

This experiment was conducted on dry land fieldthefcity of Khorramabad. This region has a lordgtof 48°18

, a latitude of 33°30, an altitude of 1125 meters above sea level aan@verage yearly rainfall of 516 millimeters.
The soil in the experimental field had a clay sat@hm texture. The experiment was carried out & ghlit plot
design in the format of randomized complete bloekigh in three replications. In each replicatitweré were four
major treatments includin@; (burning plant residues + plowing with a furrow wle- two disking operations),
T, (Plowing with a chisel plow + two disking operat®)nT; ( three disking operations) , afigl ( zero tillage) , and
four minor treatments including four rates of nitem fertilizer application ofV; (zero) ,N, (46) , N5 (69) , and
N, (92 kilograms per hectare). After performing thfedent tillage operations, each tillage treatmeat divided
into four parts in which the different rates ofragen were applied. In the tillage treatments numbhe?, and 3,
plots 30 centimeters apart were manually and faaditly prepared and seeds were then planted 1l0nueters
apart by hand. In treatmefi} (zero tillage), seeds were planted using the tagtl machine and all agricultural
crop practices were carried out manually as welely days after planting, when the crop was cotepfenature,
samples were taken and the crop was harvestecheAtdampletion of the project, analysis of the var@ was
performed using the computer software MSTAT-C , anparison of the means was carried out by using
Duncan’s multiple range test at the five percenbpbility level. The diagrams were plotted by enypig the Excel
software.

RESULTS AND DISCUSSION

Biological Yield: As is shown in (Table 1), the effects of the tvemtbrs of tillage and nitrogen application on
biological yield were significant at the one percprobability level. Furthermore, the mutual effecf tillage and
nitrogen fertilizer application on biological yieldere very significant. Comparison of the meansheftreatments
indicated that there were very significant diffezes between tillage treatments and that the maxirmiotogical
yield (4753.3 kilograms per hectare) belonged ®Tth treatment (Table 2). Moreover, this comparisoresded
that there were very significant differences betwélge treatments of applying nitrogen fertilizeasid that the
maximum biological yield (4613.3 kilograms per lae) was obtained in thé, treatment (Table 3).

Table 1: Results of analysis of the variance (measguares) of the features measured in the differeniflage and nitrogen application

treatments
Sources of DOE Biological No.of seeds  No.of single- No.of two- No.of Seed vield Percentage of

change yield per plant seeded pods seeded pods fertile pods Y protein
Replication 2 6793.8™ 0.78"* 0.15"* 0.24" 0.55"* 508.3"* 8.9"*
Tillage (a) 3 1074535** 308.3** 263.1* 0.52* 287.1% 938979.8** 32.5*%
Error a 6 26307.6 0.58 0.51 0.79 0.28 9427.7 4.7
Nitrogen 3 4995350* 40.4% 18.3% 0.81% 26.78*  321507.6* 33.9%
fertilizer (b)
Mutual 9  186866.6* 4.48% 3.2% 0.06"* 3.61% 20568.8* 2.2ms
effects(axb)
Total error 24 42585 1.3 0.77 0.037 0.91 6895.1 1.1

The symbol ns means non-significant;*, and ** mean significant at the 1% an 5% level, respectively

Number of seeds per plant: Results of analysis of the variance (Table 1) sitbthat the effects of the factors of
tillage, nitrogen fertilizer application, and theutmal effects of these two factors, on the numbieseeds per plant
were very significant. Furthermore, comparison lvé imeans of the treatments indicated that there wery
significant differences between the various typetillage, that the maximum number of seeds pentpa4.9) was
that of treatmentl; (Table 2),that there were very significant differences betweeniows rates of nitrogen
fertilizer application, and that the maximum numbef seeds per plant (19.6) belonged to
N, , the highest rate of nitrogen application (Table 3). Comparison of the means of the effeftthe treatments
revealed that there were very significant diffeesbetween treatments and that the maximum nunfilsereds per
plant (26.7) was that of the treatmd@htN; (Diagram 1). that burning crop plant residues weliluce the negative
effects of the large volume of these residues afidnake the existing conditions uniform, thus cagsan increase
in plant growth. In customary tillage systems, plaatrients accumulated on the surface of thesitilbe mixed
with it and become more available to plant rootswiver, in zero tillage systems, phosphorous, fan®wle, which
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influences the growth and development of pea plantkis of low mobility, will be concentrated oretkoil surface
and will not find its way to plant roots in any @iderable amount, and, as a result, will be deficie crop plants
and will reduce their growth [5].
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Diagram 1: Comparison of the means of the mutual &cts of tillage and nitrogen fertilizer application on the nhumber of seeds per plant

Number of one-seeded pods per plant: The results of analysis of the variance of theaff of the two factors of
tillage and nitrogen fertilizer application, andt tmutual effects of these two factors, on the nunolb®ne-seeded
pods per plant, shown in (Table 1), indicate thHatytwere significant at the one percent probabiltyel.
Comparison of the means of the tillage treatmerdgated that there were very significant diffeenbetween the
various types of tillage, and that the maximum nerndf seeds per pod belonged to Théreatment (Table 2). This
comparison also revealed that there were veryfsignt differences between the various rates abgén fertilizer
application, with the maximum number of one-seepeds per plant belonging 4,, the highest rate of nitrogen
fertilizer application (Table 3).

Table 2: Comparison of the means of the measured qutitative and qualitative features of chickpea atarious types of tillage

Type of Biological No. of seeds per No. of one- No. of two- No.of fertile Seed Percentage of
tillage yield plant seeded pods seeded pods pods yield protein
T1 4753.3 a 249a 20.7 a 21la 221a 1415 a 22c¢c
T, 4067.5 ¢ 154c¢ 119c 17b 136¢c 967.5¢c 216¢
Ts 2606.7 d 13.1d 10d 16¢c 11.6d 755.8 d 23.2b
Ts 44225 b 176 b 14.1b 1.8b 15.8 b 1150.8 b 25.3a

Differences between figuresin each column having at least one letter in common are not statistically significant

Number of two-seeded pods per plant: Results of analysis of the variance in (TablesHdw that the effects of the
factors of tillage and nitrogen fertilizer applicat on the number of two-seeded pods per planvang significant
at the one percent probability level. Comparisorttef means of the treatments indicated that thexee wery
significant differences between the various typégillmge and that the maximum number of two-seegeds
belonged to the treatmerit (Table 2). Moreover, this comparison indicated thHare were very significant
differences between the various rates of nitrogetilizer application and that the maximum numbketwm-seeded
pods was that of the treatment with the highest o&titrogen fertilizer applicationX, ) (Table 3). that nitrogen ,
due to its presence in protein and amine compouypldgs a role in protecting some enzymes and ibilatang
cellular pH and contributes to the movement of pthérients through xylem , and , hence, theseti@maresult in
an increase in the number of pods[5].

Table 3: Comparison of the means of measured quatdiive and qualitative features of chickpea grown adifferent rates of nitrogen
fertilizer application

Nitrogen Biological No. of seeds No. of one- No. of two- No.of fertile Seed Percentage of
fertilizer yield per plant seeded pods seeded pods pods yield protein

N, 3120.8d 152¢c 124c¢ l4c 13.8¢c 841.7c 22.1b

N2 3835.8¢c 17.8b 143 b 18b 16.1b 1089.5b 222b

N3 4280 b 184D 146 b 191 ab 165b 1136.7 b 22.3b

Ny 4613.3 a 19,6 a 153 a 2a 17.3a 1223.3 a 25.6 a

Differences between figuresin each column having at least one letter in common are not statistically significant
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Number of fertile pods. Results of analysis of the variance in (TableHgvethat the effects of tillage and nitrogen
fertilizer application on the number of fertile Eodere very significant at the. Comparison of theans of the
treatments indicated that there were very significifferences between their effects on the nunatbdertile pods,
and that the maximum number of fertile pods beldntgethe treatment; (Table 2). Moreover, this comparison
revealed that there were very significant diffeesbetween the effects of the various rates obgétn application
on the number of fertile pods , and that the maxmmumber of fertile pods was that of the treatmefrapplying
the highest rate of nitrogetV{) ( Table 3). Comparison of the means of the mugdfgicts of these two factors on
the number of fertile pods showed very significdifferences , with the maximum number of fertiledpd24.3)
belonging to theT; N; treatment. Supplying plant nutrients, especiaityogen, can play an important role in
increasing the number of fertile pods (Diagram ifpgen significantly increased the total numbepoftls and the
number of fertile pods, but did not significanthfluence the number of seeds per pod or the 108weght[9].
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Diagram 2: Comparison of the mutual effects of tihge and nitrogen fertilizer application on the numter of fertile pods

Seed Yidld: Results of analysis of the variance in (Tablelvs that the effects of tillage and of nitrogertifizer
application on seed yield were significant at tine percent probability level, and that their mutefiécts on seed
yield were significant at the five percent probiypilevel. Comparison of the means indicated tha&t taximum
seed yield belonged to the tillage treatmenT,0fTable 2). Moreover, this comparison revealed thatmaximum
seed yield was obtained by applying the highest oditnitogen fertilizer (v, ) (Table 3). The highest seed yield
(1553.3 kilograms per hectare) was that of thetimeatT; N,(Diagram 3). Improvement in plant nutrition and in
vegetative and generative growth in treatn§ntesulted in the increase in seed yield. Improvemenegetative
growth, and the increase in seed yield, shouldttribated to the provision of plant nutrients, esp#ly nitrogen,
resulting from the burning of crop plant residukreover , they stated that , in any case , theatoh in soil
density in the treatments of burning crop plantds + plowing with a reversible plow + two diskiogerations
possibly has a considerable share in the increagegetative growth and in the accumulation of mgtter per unit
area. They also added that nitrogen causes anaseli@ the leaf area index and, hence, increasedefree of
sunlight absorption [2].
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Diagram 3: Comparison of the means of the mutual &cts of tillage and nitrogen fertilizer on seed ld
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Protein content: The effects of tillage and nitrogen fertilizer atenents were significant interactions and the
interaction of tillage and nitrogen fertilizer oeesl protein content was not significant (tableThe maximum seed
protein was obtained in tillage treatment in (Table 2). Also, the highest protein content watamed from the
fourth level treatment of nitrogen fertilizer {N(table 3). Nitrogen fertilizer improves the caimiis and enhances
soil enzyme activity and provides nitrogen in thl, swhich increases protein content. Maximum seectein
content was obtained 26.4) in the interaction §NJ (diagram 4). Application of nitrogen fertilizensproved soil
enzyme activity and increased the availability lefreents such as nitrogen and seed protein coritght [
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Diagram 4: Comparison of the means of the mutual &cts of tillage and nitrogen fertilizer on proteincontent
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