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THE EFFECT OF DIFFERENT SOWING DENSITIES ON YIELD
AND SOME YIELD COMPONENTS OF CHICKPEA (CICER
ARIETINUM L.) UNDER BINGOL ECOLOGICAL CONDITIONS

ABSTRACT

Investigations to assess the yield and yield components afhiekpea Cicer arietinum

L.) varieties to different seeding densities were carried out in 2016 in Bingdl, Turkey.
The trial was laid out with split plot arrangement having three replications during 2016.
Two varieties i.e. Arda and IL-@82 were in main Ipts, whereas five chickpea seeding
density (20. 30. 4050 and 60 seed A were in sub plots. The grain yield per plot and its
yield components: number of emergence rate, days to flowdsnagch number per
plant, biological yield, first pod height, gnayield; number of pod per plant, thousand
grainweight, plant kight, harvest index, sieves (9. 8. 756nm) and minerals analyses

of Fe. Ni. NaZn were evaluated. The results indicated that seeding densities significantly
affected various yield andigld components like emergence rate, days to flowering,
biological yield, number pods per plant, sieve 9 and grain yield, but plant height, brunch
number, thousand kernel weight, first goeight, harvest index, sievessigves 7, sieves

6, Fe, Ni and Zn ere not affected significantly. The varieties differed significantly from
emergence rate, days to flowering, firs pod height, harvest index, sieves 9, sieves 8, Fe,
Ni and grain yield. Besides, the results showed that the interaction of seed density and
variety had significant (P<0.05) effect on grain yield and microelement of Zn. Variety
ILC-482 prodeed the maximum grain yield (&& kg/da) by 60 seed/frand Ardagave

the lowest grain yield (180 kg/da) by 30 seed th The higher grain yield in IL@&82

was attained due to more number of pods per plant, thousand kernel weight, brunch
number and harvest index as compared to Arda, respectively. This showed the possible of
increasing the yields of the two varieties in the study area using appropriateessigyg. d

The linear relationship between grain yield and seed tyehas been obtained asY=
10.774+07889 X. The result of regression and variance analaysis indicated that trial
should be carried out more seed densities over many years to give valid rextznome

in this area.

Keywords: Chickpea, densityvariety, grain yield, yield components, microelements
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1. INTRODUCTION

Chickpea Cicer arietinumL.) is an annual grain legume (pulse) crop sold into human

food markets. Chickpea is the third most impaot food legume crop and India is the

| argest producer contributing to 65% of W
(Hulse 1991) reported that legume is one of the oldest groups of agricultural plants and

food legumes are the second most impoteantmanés f ood supply afte
which their grain contain 38 to 59% carbohydrate, 25% protein, 4.8 to 5.9% oil, 3% ash,

3% fiber, 0.2% calcium, and 0.3% phosphorus.

Chickpea is grown in over 56 countries, with the highest production in Imdig, and
Pakistan (Faostat 2010). However, some studies show that it is grown across a wide range
of environments (Rao et al. 2002), (Siddique et al. 2000). Chickpea is grown mainly in
Central Asia, West Asia, South Europe, Australia and North Africalifiresky and

Adler, 1975),(Berger and Turner, 2007). Its foundation is believed to be inaastdrn

Turkey neighboring Syria and Iran (Ladizinsky 1975). The earliest residue of chickpea
seeds date back to around 7000 B.C in Syria and Turkey. Chickpeallg production

was 10.461.215 tons, harvest area was 11.551.857 ha and the yield 905.5 kg/ha in the
world(Anonymous 2011). The amount of chickpea production in Turkey was 450.000
tons, harvest area and yield was respectively 388.518 ha and 1158.2kgiKa2014).

The use of high plant density in chickpea production decreases soil water evaporation late
in the growing season when plant cover closure is low. In difference, low plant density
may allow weeds to grow more aggressively and limit cropypelssible. Plants grown

at lower plant density are usually shorter and branchy, which increases losses during
combine harvest (Turner et al. 2001). In a study in Canada, a plant population density of
55 plants 1t produced a 23% to 49 % seed yield abdw bf the recommended plant
population density of 44 plants in(Vanderpuye 2010). Plant population is a type

component of the production of chickpea.



The yield of chickpea can be improved by planting of best density of chickpea cultivars.
In Iran, yied enhancement was recorded wath increase in population up to 50 plants
m? under irrigated conditions and up to 25 plant¥ m norirrigated springsown
chickpea. One of the main causes of low yield of chickg&ae¢ arietinumL.) is
population unsuéble. Also, low and high plant density beyond a certain limit often
unfavorably affects the crop yield. Number of plants per unit area effect plant size, yield
components and finally the grain yield, reported that plant density in the field is also very
important to facilitate aeration and light penetration in to plant canopy for improving rate
of photosynthesis (Beech and Leach 1989). The objective of this study was to determine
the effect of plant density and varieties on yield and some characterisitsckpea
under agreclimatic conditions of Bingol, Turkey.



2. LITERATURE REVIEWS

Norman (1963) reported that yield of a crop depends on the final plant density. The
density depends on the germination percentage and the survival rate in the field.
Edablishment of necessary plant density is important to get maximum vyield. For
example, when a crop is raised on stored soil moisture under rain fed conditions, high

density will deplete moisture before crop maturity.

Van der Maesen (1972) reported thatckhpeas to be a cool season grain legume of
exceptionally high nutritive value and most resourceful food in use. The major producers,
India, Pakistan and Turkey, contribute 65%, 9.5% and 6.7% respectively, in the world
harvest. While it is a cheap sourcepootein and energy in the developing world, it is

also an important food to the affluent populations to improve major-rielated health
problems. However, more research is denominated to be necessary for revealing the food
and nutriceutical benefit ¢his important food legume through breeding.

Chickpeas can be grown on a wide range of soil types provided that the drainage is good,
and they cannot withstand water logging. For optimum results, clay loams are required.
In general, chickpea are moderats@nsitive to photoperiod and the vegetative period is
shorter in a long days, but short days (9 hours) do not prevent flowering (Kay 1979,
Saxena 1979) reported that yield was increased with increasing plant population up to 50

plants nd for irrigated chékpea and 23 plantsfifor unirrigated chickpea.

Chickpea growing regions of the world, the average maximum temperature ranges from
21 to 29°C during the day and from 15 to 2& during the night. The crop needs daily
mean temperature of above°Cato alow fertilization of flowers and pod setting (Trang

and Giddens 1980). (Miccolis and Scavo 1985) grew 8 chickpea varieties at planting
density of (10 11)plantsmiand obtained the highest yield of 0.94 tha with 56 plants m
Chickpea is a self pollinateghnual plant that can complete its life cycle between 90 and

180 days depending on the usual meteorological conditions. Although, stems are



branched, curved or straight, set up to prostrate, and more or less ribbed. Flowers are 4 to
30 mm long and germitian is rapid and hypogeal (Saxena and Singh 1987; Williams
and Singh 1987) reported that the chickpea is a good source of protein and carbohydrate
and its protein quality is better than other legumes for example pigeon pea, black gram
and green gram. Itlgo supply some minerals (Ca. Mg. Zn. K. Fe. P) and vitamins like

thiamine and niacin.

Singh et al. (1988) planted five chickpea varieties at seeding densities of 10, 55 and 66
m? and the highest seed yield was given by tall varietie2BGand BG268 at66 plant

m due to more branches plant, pods plant and-$esdl weight than other varieties.

Singh and Singh (1989planted chickpea cultivars H8B13 and H82 at seeding
densities of 44, 55 and 66°nThey reported that in H82 seed yield was the hight at
density of 44 plants fnwhereas in H88.43. The seed yield was the highest at a density
of 55 plants 1.

Fagstat (2012) Chickpea third pulse crop, fifth food legume and fifteenth grain crop of
the world.

Beech and Leach (1988rew chickpea at rowpacing of 18, 36, 53 and 71 cm with plant
population densities of 14, 28, 42 and 56 plartsamd reported that row spacing had a

little effect on above ground dry matter production and seed yield.

Sarwar (1998) reported that plant density significamifiyenced the number of branches
plant and number of seeds plant, whereas plant height, number of seeds -gedd 00
weight, biological yield, seed yield and harvest index were not affected significantly by

row spacing.

Ayaz et al. (1999)eported thathte species by population interaction showed that in all
four species, the mean seed weight, pods per plant and seeds per pod were inversely

related to plant density.

Chickpea seed has 2528.9% protein, 3&9% carbohydrate, 3% fiber, 4585% oil, 3%
ash 0.2% calcium and 0.3% phosphorus. Digestibility of protein varies frei8%% and
its carbohydrate from 580 % (Hulse 1991).



The plant density population of chickpea depends on many factors such as variety, size of
the seed, method of sowing, percentafjgermination and agro climatic condition of the
area. Large sized seedskdbuli type chickpea requires higher seeding rate than that of
small sized seed ddesitype chickpea. The seeding rate even varies with varieties, for
example Shasho and Chefee darge sizedKabuli type chickpea but their population
density differs (Million 1995).

Turner et al. (2001) reported that plant density is largely due to improved water use and
water use efficiency. The use of high plant density in chickpea productineades soll
water evaporation early in the growing season when plant canopy closure is low. In
contrast, low plant density may allow weeds to develop more aggressively and limit crop
yield potential. Plants grown at lower plant density are usually shanrbranchy,

which increases losses during combine harvest.

Sharar et al. (2001) found that growth and grain yield respong@iadr(arietinumL.)

cultivar Paidas91 to different seeding densities (40. 50. 60. 70 and 80) (kg/ ha) and row
spacing (30. 4%and 60 cm) were investigated under field conditions. The seed yield and
growth characteristics such as plant height, number of branches plant, number of seeds
pod, and 100&eedweight were influenced significantly by seeding densities. Maximum
seed yield ©2299.56 kg/ ha was obtained sgeding density of 70 kg/ha whereas row
spacing had no significant effect on plant height seed yield and yield components. For
obtaining higher yield of gram cultivar it may be sown in 30 cm apart rows using seed
rate of 70kg/ha.

Solomon (2003) reported that both too narrow and too wide spacing do affect grain yields
through competition (for nutrients, moisture, air, radiation, etc) and due to the effect of
shading. In the latter case (too wide spacing), yield decreaseccandue to inefficient

utilization of the growth factors.

Chickpea growth is: generally a function of environmental factors (such as temperature
and solar radiation) and mineral nutrition, along with genotype and production practices
(Alamand and Haide2006).

It is an excellent source of protein, fiber, complex carbohydrates, vitamins, and minerals,

as a cash crop for smallholder producers. It also increases livestock productivity as the



residue is rich in digestible crude protein content compared &alseKassieet al.
2009).

The regions that have seen a great increase in area harvested under chickpea in the last 14
years include the South East Asia region (by 67%) and the developed countries (rest of
the world) (by 48%). Over the same time, the aisa increased by 18% in Sub Saharan
Africa and marginally in South Asia (less than 1%). Both the Latin American and
Caribbean region and Middle East and North Africa regions have seen declining area and
production of chickpea in the last 14 years (Akibadel Maredia 2011). In Turkey
chickpea serves as a myftirpose legume. First, it fixes atmospheric nitrogen in soils

and thus improves soll fertility and saves fertilizer costs in subsequent crops rotation. It is
estimated that 103 kg of nitrogen periypar ha is fixed by chickpea (Faostat 2012).

Chickpea is rich in proteins and serves as an economical source of nutritious food for
many poor households. Its seed contains 29% protein, 59% carbohydrate, 3% fiber, 5%
oil and 4% ash. (Agaji2014).



3. MATE RIALS AND METHODS

3.1.Description of experimental site

The experiment was conducted between April 4, 2016 and July7, 2016 at Research
experiment field of Bingol University located at°38 N latitude and 4032 E longitude

(10 km South Bingol) and at adtitude of 1090 m. Experimental field location receives
annual rainfall of 938 mm and has average annual temperatures &€ I2A:@onim,

2016). At Bingol, the rain for the main growing season usually commences after

November and terminates in the firstekeof June. The soil of experiment field is silt.

%
iy
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Figure 3.1Sowing time



Figure 3.2. Sowing time

3.2. Description of variety usedfor the study

ARDA: The cultivar Ardais one of the important cultivar of chickpea was used in our
study. Arda wagproperties by obtained correctional Institution that: GAP International

Agricultural Research and Education Center Diyarbakir. Registration Year, 2013.
Morphological Characteristics:

Plant height : 685 cm

Height of first pod : 387 cm

Pod number peplant: 1928.

Number of seeds per pod 1.7

Plant type : Erect

Days to flowering : 94.03 (winter sowing)

Days to maturity: 16382 (winter sowing)

ILC -482: Registration Date: 1986, Breeding Place and Year: Diyarbakl983,

Variety Owner OrganizationGAP International Agricultural Research and Training

Center Breedersd Organization: GAP I ntern

Center Morphological Characteristics:

Plant height: 4@15 cm



Height of first pod 20 cm

Pod number per plant: 1277

Number of seeds per pod-115

Plant type: Semprostrate

Days to flowering: 14456 (winter sowing)
Days to Maturity: 17a190 (winter sowiny

Figure3.3.Measuring plant height

Figure 3.4. Measuring plant height
3.3.Climate Conditions of the StudyArea
Compared with the lonrterm average, 2016 was relatively dry seasons, other meteorological

parameters, such as minimum and maximum temperature, humiditheaaderage annual total
rainfall were also collected by a Bingol weather statidheteorologcal parameters of
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experimental area are given in Table.3 heannual average monthly minimum and maximum
temperature of the district in 2016 are approximail&lys °C and6.4 °C respectivelyDuring

the study in 2016, the lowest minimum temperature fethslown below to-5.6 °C in January.
Rainfall is an important factor which affects the land and yield of crops. Bingol has the highest
of rainfall. The average annual total rainfall is about 933.9 mm in long terms. Total rainfall
level of 2016 is lowethan the total precipitation level of previous years. But during the first
half of 2016, the total of precipitation was higher than the previous years. The amount of
rainfall on the chickpea products was 98.4fine rain fall in Bingol falls mostly in the inter,

with relatively little rain in the summetn terms of relative humidity valuedet temperatures

feel hotter because the humidity is usually very highe Bverage of humidity for the long
terms was 56. 6% while for the 2016 was 52. 2 %.

Figure 35. Blending of chickpeas
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Table3.1. Selected meteorological parameters of experiment area during 2016

Min temp(°Q Max temp(°Q Precipitation (mm) |Relative Humidity (%)
Months Long 2016 Long 2016 | Long 2016 Long 2016

terms terms terms terms
Januay -6.1|-5.7 21|13 133.7| 207.8 73.3 75.2
February -5.3|-1.3 35|74 132.0| 69 72.2 756
March -0.4| 23 9.2]124 125.9| 79 64.2 60.7
April 57|74 16.4| 21.1 119.6| 43.8 61.2 47.9
May 10.1| 101 22.8| 23.3 75.0| 39.2 55.8 57.3
June 14.6| 156 29.3| 29.3 20.7| 8.4 42.5 43.9
July 189 19.7 345|348 57|17 36.7 335
August 18.5| 20.4 345 36.4 33|0 36.8 28.27
September 13.5| 134 29.6| 28.0 11.4| 30 42.2 409
October 8.1|84 21.5| 23.8 63.7| 3.4 58.9 434
November 22|07 12.4| 13.9 109.7| 25 64.7 473
Decembe -2.9 | -56 5023 133.2| 186.7 70.7 741
Total/Ave 64|71 184 933.9 699.3 56.6 52.2

Source: General Directorate of Meteorology of Bingol (2016).

3.4. Soil Analysis

The most common types of soils found in the chickpealucing areas are sandiay or
clay-sandy in texture, with contents of organic matter of around 2.5 to 3.0 % and a pH
between 6 and 7.5. Soils with relatively high contents of calcium have been observed in
some areas which makes the grain grown under such conditions hard forgcdgl
samples have been taken from three different points of the study area, from a depth of O
30 cm, and then the samples were mixed. The analysis of the physical sample was took
place at the Bingol University Faculty of Agriculture Department of Saience and

Plant Nutrition Laboratories. Microelement values were taken from .(Demir).2016
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Table 32. Soil analysis result for physical and chemical characteristic of the study area

Soil depth Soil texturepH  Salt Content Organic Matter P,Os KO Lime Fe Zn Na

am % % Kg/ha % ppm
0-30 Loam 6.5 0.0315 1.905 79 245 0.36 14.150.33 0.78
As seen in Table 3.2 the soil texture of

pH, no salinity, levels of lime, organic matter ratio was low, phosphiar was average

and potassium ratio was sufficient.

3.5. Solil preparation

Depending on the extension of the area and the economic resources of the farmer, soil
prepared traction, consisting in both cases of a single plowing in April or May when the
first heavy rains fall, or by the beginning of September when the winter rains start to
decrease. By mi&eptember the soil is harrowed once or twice and is readsofuing

total Cucconcentration

3.6. Fertilization

Chickpea like most annual legumes, canvjge a part of its own N necessity through
interdependent Nfixation when the plants are inoculated. (Sosulski and Buchan 1978)
reported that rhizobia inoculation alone is not enough for attaining highest yields of
legumes because of poor root and nitroge doing. They concluded that annual legumes
may require a high level of plant N fertility to achieve maximum yidldo, in this

study, the whole dose of P (6 kg Pavith one third dose of nitrogen (7.5 kg N da

were applied at sowing time andcethemaining nitrogen (5 kg N davas topdressed as
Ammonium nitrate (33 %) with flowering time on 26 July,2016. Rhizobium bacteria
nodules were not observed in the roots of chickpea parcels weeds were controlled by

hand after germination
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Figure3.6. Harvest time

Figure3.7.Harvest time

3 .7. Treatments and experimental design

Two factorial trial was set up as a sglbt design (RCBD) with comparing two chickpea
varieties (Arda and IL&82) as main plots and five seed densities (20, 30, 40, 560and
seed rf) as splitplots. The main plots were randomized in a block design with three
replications. The density treatments were randomized in the sub plots. Each variety was
sown in fourrow plots of 5 m length with betweeand withinrow spacing of 3@m.

Plot size was 1.2 m x 5 m (6’mSpacing of 0.4 m and 1 m were allocated between plots
and blocks, respectively.
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3.8. Data collection and measurement

Emergence ratewere taken as the number of days from planting to the period when 50

% of the plantsn a plot emerged above the ground.

Days to flowering were determined as the number of days from planting to the period

when 50 % the plants in plot developed first flower.

Plant height was measured from the ground to the tip of main stem of the plisugt aus

ruler from randomly taken ten plants per plot at physiological maturity.

Branch number per plant was determined by counting the number of branches that

grow on the main stem of ten randomly taken plants per plot at the time of maturity.

Number of pods per plantwas recorded by counting the total number of pods of ten
randomly taken plants from the net plot area at harvest.

Biological yield was determined by drying and uprooting the above ground biomass from
the whole net plot area in an open amc({uding the seed yield) and weighing using

spring balance.

Thousand grain weightwas determined by weighing randomly taken dry seeds using

sensitive balance and the weight was adjusted to 10 % moisture level.

Grain yield was measured from the alried seeds of the net plot area using sensitive

balance and adjusted at 10% seed moisture content.

Harvest index % was computed as the ratio of seed yield to biomass yield.

3.9. Mineral analysis

Fe, Ni, Zn and Na compositions of whole chickpea flour wererdened by the method

of (Hwang et al. 1997)Ghoi et al. 2013ith slight modifications. One gram of chickpea
flour was wetdigested in a mixture solution of HN@LO mL) and HSOQ: (10 ml) with
heating on a hot platéfter extraction cooled, in hood opiag carefully to pass the gas
and put it to another tub that contain nearly 5 ml of distilled water slowly and completed

to 25 ml by distilled water. This solution was ready for using to determine elements. Fe,
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Ni and Zn minerals determined by atomic apsion spectrophotometry (Perkin Elmer,
AAS 800).

Figure3.8. image mierals analyses laboratory

3.10. Statistical data analysis

The various agronomic data collected were subjected to analysis of variance (ANOVA)
Appropriate to factorial arrangemenmt RCBD according to the Generalized Linear

Model (GLM) of SAS and interpretations were made following the procedure described

by (Gomez and Gomez 1984). Whenever the effects of the factors and interactions were
found to be significant, the means were coragausing the least significant differences

(LSD) test at 5% level of significance. Regression analysis was conducted to estimate
linear and quadratic effects of plant density when results of the analysis of variance
indicated these effects were signifitam t P < 0.05. Data from s
di stributed normally, and therefore transf

an analysis of variance.



4. RESULT AND DBISSION

4.1. Emergence ratéo

The results of the emergence rate are presem{€dble4.1 Table 42 Fig 4.1 and Fig.4.

2. Emergence rate is one of the phonological stage in development of chickpea. Were
taken as the number of days from planting to the period whéf &0the plants emerged
above the grounK n t hi s s ficangddferameeon variety and density but ron
significant difference on interactio.he emergence rate development of chickpeas is
influenced by both temperature and photo period. In our study the seeds was emerged
after 12 days on (18 April 2016). Ble 3 and Figured show the relationship of
emergence rate and densities for the two varieties studredhighest emergence rate

has been obtained from 1LC482 variety (75.27) by 30 pietThe lowest emergence

rate has been obtained from Arda variet§.77) by 40 plant.

Table 4.1. Analyss of varance of emergence rate of different chickped varietiesseed

densities

Sources Degrees Sum Mean F Ratio Prob>F
of Freedom  squares squares

Replication 2 392.52 196.26 7.4164 0.1188
Variety 1 1344.1 1344.1 50.794 0.0191*
Replication x variety Random(Errorl 2 52.925 26.463 0.6139 0.5535
Density 4 535.71 133.93  3.107 0.0453*
Variety*density 4 185.23 46.308 1.0743 0.4016 ns
Error-2 16 689.67 43.105
C. Total 29 3200.2
CV% 1.06

*Significance 85 % probability, **Significance at 1 % probability, ns = rsignificant
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Successful germination and emergence are the primary requirements for good crop
establishment. Controlled environment studies have shown that chickpea seed
germination can occur ey a range of temperatures above a base temperature, reported to
be 0 °C, but is fastest at around 32{Covell et al.1986) (Saxena 1987) the major
factors controlling the time taken by a crop to emerge. After emergence it is temperature
and photoperid.

Table 42. Effect of varieties and seeding density on emergence rate @hjokpea

Varieties Densities(Seeds m) Means
20 30 40 50 60

Arda 52.69 54.48 46.77 58.49 51.97 52.88 b

ILC -482 68.82 75.27 57.53 64.52 65.22 66.27 a

Means 60.75 a 64.87 a 52.15b 61.51a 58.59 ab 59.575

LSD(0.05) variety 8.07*

LSD (0.05) Density 7.99*%

LSD (0.05) varietydensity Ns

Means in columns and rows followed by the same letters are not significantly

. Y= 62851183 -0,0768745 * X, r=0.0111 ns

70+

60 1

Emergence rate¥%

40 I B A m—_—
20 30 40 50 &0

Censity (Seeds m2)

Figure 4.1 Relationship between seed deypsihd the days to emergencefaatchickpea in
Bingdl conditions(Regression equation was not significant)
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Figure4.2. Emergence rate for two chickpeas aitsfs eeding densities
4.2. Daysto flowering 50%

The results of the Dayt® flowering are preséed in Table4.3 Table4.4 Fig 4.3 and

Fig 4.4 Kn o uyrthe mainuedffect of variety and density was significant (P<0.05)
while their interaction had no significant effect on days to flowering (Table 5) @ays
flowering were determined as the number of days from planting to the period when 50
% of the plants in a plot developed first flower. Phonological development of the crop
was monitored at two to three daily interval for all seasons from the beginning of
flowering. Flowerings important stage in lifestyle and phonological stage of chickpea.
Also, the flowering effect by intro factor in seeds and time sowing. However, in our
study the days to flowering of 1-882 were started at 25 May 2018ut while Arda

has not flowering caused by the variety, temperature and environment. It flowered on 9
June 2016. The highest days to flowering has been obtained from Arda variety (47.70
%) by 20 plantm?. The lowest number of days to flowering has been obtained from
ILC-482 variety (39.30%) by 40 to 50 seed¥.rthis might be due to the fact that
lower dengties had a better light interception as compared to the narrower row spacing
resulting in less number of days to flower as chickpea needs direct sunlight reporting
for its various physiological processes. On the other hand, in narrower density due to
competition for nutrients. Although, this result was in accordance.Rbberts et la

1985) have reported that base temperature is a function of photoperiod, hence, the
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longer the photoperiod at any given temperature the faster the thermal sum required for

flowering is accumulated.

Table 4.3. Analysis of variance of days to flowering of different chickpea varieties and seed densities

Variance Sources Sum Mean Degrees oF Ratio  Prob>F
Squares  Squares Freedom

Replication 5.26667 2.63333 2 0.5683 0.6376
Variety 396.033 396.033 1 85.4748 0.0115*
Replication*variety&Random 9.26667 4.63333 2 21.3846 <.0001
(Error 1)
Density 8.86667  2.21667 10.2308 0.0003 **
Variety*density 2.46667 0.61667 2.8462 0.0587 ns
Error-2 3.46667  0.2167 16 Prob> F
C. Total 425.3667 29 <0.0001
CV% 10.97

*Significance at 5 % probability **Significance at 1 % probability nssigoificant

Table 4.4. Effect of varieties and seeding density on days to flowering (50 %) of chickpea

Densities (Seeds &)

Varieties 20 30 40 60 Means
Arda 47.70 47.30 47.30 47.00 46.70 47.20a
ILC-482 41.30 40.30 39.30 39.30 39.30 39.90b
Means 4450A 43.80B  43.30BC  43.20C 43.00C  43.56
LSD variety 3.37**

LSD Density 0.565*

LSD variety x densityinter. Ns

Means in olumns and rows followed by the sanfetters are not significantly.
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Figure 43. Relationship between seed density and the days to flowering for chickpea in Bingol conditions
(Regression equation was not significant
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Figure4.4.Days to flowering for tw chickpeas at five seeding densities

4.3. Plant height (cm)

In our study of variance showed significant differences (P<0.05) due to the main effects
of variety on plant height at 90 % physiological maturity. As the Table 4.5 and Table 4.6
Figure 4.5 suggss, the highest plant height has been obtained from Arda variety (37.23
cm) by 20 plant M. It has been followed by variety 11-€32 (36.0 cm) though the lowest
plant height has been obtained from variety 482 (32.93 cm) by 40 plantimvariety

Arda was significantly taller than variety 1L.@82 (Table 7). The variation in height may
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be due to genetic character of the varieties for this trait. This outcome was in agreement
with (Shamsi 2009).

(Cokkizgin 2012) and( Rasul et al. 2012) who showed signifiddferences between the
genotypes of chickpea in plant height. Relationship between genotype and plant density
for plant height is presented in Figure 5

Table 4.5. Analysis of variance Plant height of different chickpea varieties and seed densities

Sources Sum Squares Mean Degrees of F Ratio Prob> F

Squares Freedom

Replication 3.46667 1.73333 2 0.1701 0.8547
Variety 3.888 3.888 1 0.3815 0.5998
Replication*variety 20.384 10.192 2 1.2139 0.3230
&Random(Errotl)

Density 37.9513 9.48783 4 1.1300 0.3774
Variety*density 10.2687 2.56717 4 0.3058 0.8699
Error-2 134.33600 8.39600 16

C. Total 210.29467 29 0.7423
CV% 8.27566

*Significance at 5 % probability **Significance at 1 % probability ns ssigoificant

Table 4.6. Effect of varieties andesking density on plant hight of chickpea

Varieties Densities(Seeds ) Means
20 30 40 50 60

Arda 37.23 33.40 35.20 36.10 3493 35.37

ILC -482 35.60 33.33 32.93 35.40 36.00 34.65

Means 36.41 33.36 34.06 35.75 3546 35. (

LSD variety Ns

LSD Dersity Ns

LSD variety x density Ns
inter.

Means in columns and rows followed by the same letters are not significantly
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Figure 4.5. Plant height for two chickpeas at five seeding densities

4.4. Branch number per plant

Branching is basically genetic character and plays an important role in enhancing seed
yield. The main effects of variety, density and the interaction effects of variety x density
had nonsignificant influence on the branch number per plant. However, the results of the
Branch nuber per plant are presented in Table 4.7 Table 4.8 Fig 4.6. The highest branch
number has been obtained from H482 variety (3. 60) by 30 seed?mHowever, the

lowest branch number has been obtained from Arda variety (2.40) by 50 $eésimgh

et al. 1979). Whereas (Togay et al. 2005) and (Bakry et al. 2011) reported that the
number of branches decreased with the increase in density. ( Abbas 1990) (Sarwar 1998)
and (Shamsi 2009) reported that the numbers of branches plant were significantly
affected ly different plant density. The number of branches determines the total number
of leaves, and hence the total photosynthetic area. Relationship between genotype and

plant density for branch number is presented in Figure 6 .
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Table 4.7. Analysis of vanece of branch number per plant of different chickpea varieties and seed

densities

Sources Sum Mean Degrees of F Prob>
Squares Squares Freedom Ratio F

Replication 0.64467 0.32233 2 0.9918 0.5021
Variety 2.523 2.523 1 7.7631 0.1083
Replication*variety&Ran dom 0.65 0.325 2 1.8625 0.1874
(Erro-1)
Density 1.15867 0.28967 4 1.6600 0.2082
Variety*density 0.46533 0.11633 4 0.6667 0.6243
Error -2 2.7920000 0.174500 16
C. Total 8.2336667 29 0.0499
CV% 13.377419

* Significance at 5 % probability **Sifioance at 1 % probability ns = neignificant

Table 4.8. Effect of varieties and seeding density on branch number of chickpea

Densities(Seeds ) Means
Varieties 20 30 40 50 60
Arda 3.26 2.93 2.60 2.40 2.73 2.78
ILC -482 3.40 3.60 3.40 3.20 3.23 3.36
Means 3.33 3.26 3.00 2.80 2.98 3.08
LSD variety ns
LSD Density ns

LSD.variety.x density ns

inter.

Means in columns and rows followed by the same letters are not significantly
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Figure 4.6. Branch number for two chickpeas at feeding densities
4.5. Biological ( kg/da)

The variance analysis results of the biological yields of different chickpea varieties are
given in Table 4.9 and Table 4.10. Fig 4.7. Fig 4.8 below. The main effects of variety and
the interaction effects of vatiex density had nosignificant influence on the biological
yield. However, density had significant influence on the biological yield. As the study
suggests, the lowest biological yield has been obtained from Arda va#ebAkg/ da)

by 30 seed M While, the highest biological yield has been obtained from variety of
ILC-482 (207.45 kg/da) by 60 seed®nThe decrease in biological yield of variety Arda

due to low branching habit might have been compensated by the increase in other
parameter. This rela might be the reason for the nsignificant difference in biological

yield among the varieties. This idea was also in agreement with (Singh and Singh 2002)
who reported that the yield per unit area was increased with increasing plant density due
to efficient utilization of growth factors. Plant density studies in chickpeas suggest that a
plant population of 33 plants®s optimal for seed production. (Machado et al. 2003)
revealed that biological and grain yield was increased when the seeding rate was
increased from 17 to 33 seed’ iim this study biological yield was increased with
increasing in plant density up to a limit, as in biological yield is presented in Figure 15
and Figure 16.
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Table 4.9. Analysis of variance of biological yield( kg/da )ddferchickpea varieties and seed densities

Mean Degrees of
Sources Sum Squares Squares Freedom F Ratio Prob>F
Replication 837.038 418519 2 0.2351 0.8097
Variety 7634.13 7634.13 1 4.2877 0.1742
Replication*variety &Randorr 3560.93 1780.46 2 21173 0.1528
(Error-1)
Density 22434.3 5608.57 4 6.6696 0.0023*
Variety*density 2935.45 733.863 4 0.8727 0.5017
Error-2 13454.586 840.91 16
C. Total 50856.410 29 0.111
CV% 20.53

* Significance at 5 % probability **Significance at 1 % probability ns s-aignifican.

Table 4.10. Effect of varieties and seeding density on biological yield( kg/da) of chickpea

Densities (Seeds A

Varieties 20 30 40 50 60 Means
Arda 105.98 84.54 134.54 143.85 157.20 125.22
ILC-482 127.42  136.34  133.46 180.97  207.45 15713
Means 116.70C  110.44C 134.00 BC 162.41AB 182.32A 141.175
LSD variety ns

LSD Density 35.48*

LSD variety x density inter ns

Means in columns and rows followed by the same letters are not significantl
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Y = 87,889785 + 1,8321505%, = 0,39603*

Biological yied! kgida

Seeddensity (Seed m2)

Figure 4.7. Biologicayield of chickpea with different seed on densities in Bingol (Equations with slope
was hon significant atP< 0.01).
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Figure 4.8. Biological yield for two chickpeas at five seeding densities

4.6.Thousandgrain weight

In this study the main effects of variety, density and interaction hadsigmificant
influence on the thousand grain weight. As the Table 4.11 Table 4.12 and Figure 4.9.
Suggests, the highest thousand kernel weight has been obtained from Arda variety by
(316.669) in 60 seed MWhich was followed by Arda variety (300 g) by 50 seed m
Also, the lowest thousand kernel weight has been obtained fror48RCvariety
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(256.669) by 30 seed M The biggest seeds weight were produced by plants at the lowest

densities ad the smallest seeds weight at the highest densities This can be explained by

increased competition among plants. However (Zahoor 1991) reported that thousand

kernel weight, biological yield, seed yield and harvest index were not significantly

influencedby different seeding densities of chickpea.

Table 4.11. Analysis of variance of of thousand grain weight of different chickpea varieties and densities

Sources Sum Mean Degrees of FRatio Prob>F
Squares Squares Freedom

Replication 2746.67 137333 2 1.6885 0.3720

Variety 1763.33 1763.33 1 2.1680 0.2788ns

Replication*variety&Random 1626.67 813.333 2 1.2020 0.3263

(Error -1)

Density 4586.67 1146.67 4 1.6946  0.2003ns

Variety*density 4986.67 1246.67 4 1.8424 0.1701ns

Error -2 10826.667 676.67 16

C. Total 266536.667 29 0.1354

CV% 9.55183226

*Significance at 5 % probability*Significance at 1 % probabilityns = nonrsignificant
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Table 4.12. Effect of varieties and seeding density on thousand grain weight (g) of chickpea

Varieties Densities(Seeds 11%) Means
20 30 40 50 60

Arda 250.00 273.33  260.00 300.00 316.66 280.00

ILC -482 266.66 256.66  270.00 263.33 266.66 264.66

Means 258.33 265.00  265.00 281.66 291.66 272.33

LSD(0.05) variety ns

LSD(0.05) Density ns

LSD(0.05) variety x ns

density inter.

Means in columns and rows followed by the same letters are not significantly
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Figure 4.9Thousandgrainweight for two chickpeas at five seeding densities

4.7.First pod height

The results of the first pod high are presentedable 4.13 Table 4.14 and Figure4.10
indicated that first pod height was non significantly affected by different seeding
densities but significantly affected by different varieties. The highest first pod has been

obtained from Arda variety (20.26 cm) by 86ed . While the lowest first pod has
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been obtained from 1L@82 (14.86 cm) by 20 seed?mThe first pod height was
decreased when the plant density decreased, which shows that first pod height parallel

with plant height. The findings are in line withose of (Ozgun et al. 2004). However,

(Vanderpuye 2010) reported that lowest pod height increased significantly with

increasing Plant Population Density

Table4.13 Analyss of varance offirst pod height of diierent chickpea varieties and densities

Sources Sum Squares  Mean Degrees of F Ratio Prob> F
Squares Freedom

Replication 11.5087 5.75433 2 1.3732 0.4214

Variety 163.8 163.8 1 39.0900 0.0246*

Replication*variety 8.38067 4.19033 2 2.1354 0.1507

&Random(Error -1)

Density 4.97467 1.24367 4 0.6338 0.6457ns

Variety*density 3.428 0.857 4 0.4367 0.7802ns

Error -2 31.39733 1.9623 16

C. Total 223.48967 29 0.0001

CV% 7.93075.

*Significance at 5 % probability*Significance at 1 % probabilityns = norsignificart.
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Figure 4.10. First pod hgiit for two chickpeas at five seeding densities



30

Tabe 4.14. Effect of varieties and seeding density on first pod height of chickpea

Densities(Seeds ) Means
Varieties 20 30 40 50 60
Arda 19.20 19.20 20.93 20400 2026 20 .a00
ILC -482 15.43 15.13 1566 14.86 1553 15 .b32
Means 17.31 17.16 18.30 17.63 1790 17 .66
LSD variety 3.21*
LSD Density ns

LSD variety x density ns

inter.

Means in columns and rows followed by the same letters are not significantly

4.8.Number of pods per pant

Table 4.15.Table 4.16 indicated that number of pods per plastnon significantly
affected by different seeding densities and interaction but significantly affected by
different varieties. Number of pods per plant is a key factor for influentigliéhe show

in leguminous plants. The productive capacity of chickpea is finally dependent on the
number of fertile pods plant. Analysis of variance showed that varieties highly
significantly differed (P<0.5) for number of pods per plant (Table 4.15 .7ahg and

Fig 4.11).The highest number of pods per plant has been obtained from variety of ILC
482 (13.20) by 50 seed?mAnd the lowest number of pods per plant has been obtained
from variety of Arda (6.46) by 60 seed.ifhe differences in number of pog&ant might

have been caused due to varietal differences. The greatest number of pods/plant are
usually .obtained at low densities (Singh et al. 1997) with the number decreasing with
increased plant density (McKenzie 1995) (Thakur et al. 1998). Numiperdsfper plant

was decreased with increasing in seed density was presented in Figure 9. Our result is

similar to those of (Singh et al. 1997) and (Frade and Valenciano 2005), respectively.
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Table 4.15. Analysis of variance of of number of pods per pfaditferent chickpea varieties and densities

Sources Sum Squares Mean Squares Degrees cF Ratio Prob> F
Freedom
o 0.84267 0.42133 2 0.1240 0.8897
Replication
: 90.1333 90.1333 1 26.5306 0.0357*
Variety
Replication*variety 6.79467 3.39733 2 0.7548 0.4861
&Random(Errorl)
. 447787 11.1947 4 2.4872 0.0850
Density
Variety*density 16.6933 4.17333 4 0.9272 0.4727
72.01600 4.5010 16
Error-2
C. Total 231.25867 29 0.0303
CV% 20.45

*Significance at 5 % probability*Significance at 1 % probabilityns =non-significant

Table4.16. Effect of varieties and seeding density amer of pods per plaof chickpeavvarieties

Sources Densities (Seeds @ Means
20 30 40 50 60

Arda 11.86 8.26 8.53 8.06 6.46 8.64B

ILC-482 12.73 12.66 11.40 13.2 10.53 1210 A

Means 12.300 10.46 9.96 10.63 8.50 10.37

LSD variety 2.89*

LSD Density Ns

LSD variety x densityinter Ns

Means in columns and rows followed by the same letters are not significantly
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Figure4.11. Number of pods per plarfor two chickpeasit five seeding densities

4.9.Harvest index (%)

The analysis of variance of tharvest indexare given in Table 4.17 . Table 4.18 and Fig
4.12 below. Tables showed that the variety had significant difference by seeding density
but the interaction and dsity had norsignificant influence on the harvest index.
However, a the Table 19 and Table 20 suggested that the highest harvest index has been
obtained from ILG482 (37.95) % by 40 seed-fmAlso, followed respectively harvest
index has been obtainedbin variety of ILG482 (37.10) % by 60 seed-mWhile, the

lowest harvest index has been obtained from Arda variety (17.14) % by 60 plaftien
similar result was reportetthat by (Zahoor 1991) 1000 seeds weight and harvest index
were not significantlyrifluenced by different seeding densities. However, (Kamithi et al.
2009) reported that the harvest index of chickpea increased with an increase in plant
population. Relationship between genotype and plant density for harast is
presented in Figure 12
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Table 4.17. Analysis of varianad harvest index % of diérent chickpea varieties and densities

Sources Degrees of Mean Sum F Ratio Prob>F
Freedom Squares  squares

Replication 2 97.739 48.8695 1.9414 0.34

Variety 1 1752.54 1752.54 69.6205 0.0141*

Replication*variety &Random 2 50.3455  25.1727 1.3449 0.2885

(Error-1)

Density 4 18.3621 4.59054 0.2453  0.9083

Variety*density 4 152.321  38.0803 2.0345 0.1378

Error-2 16 299.4806 18.718 Prob>

C. Total 29 2370.788

CV% 15.72

*Significance ab % probability **Significance at 1 % probabilityns = nonrsignificant

Table 4.18. Effect of varieties and seeding density on harvest index of chickpea

Varieties Densities (Seeds &) Means
20 30 40 50 60

Arda 22.69 20.64 19.54 19.18 17.14 19.83B

ILC-482 30.16 33.81 37.95 36.56 37.10 35.12A

Means 26.42 27.22 28.87 27.87 27.12 27.47

LSD(0.05) variety 7.87**

LSD (0.05) Density ns

LSD (0.05) variety, density ns

Means in columns and rows followed by the same letters asggmificantly



65

55

45

35

Harvest index (%)

25

15

—§— Arda
= 11LC-482
’___
+
—- —=C— ¢
20 30 40 50 60

Densities (Seeds m-?)

Figure 4.12. Harvest inddgr two chickpeas at five seeding densities

4.10.Grain yield (kg/da)
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Table 4.19 Table 4.20 and Fig 4.13.Fig 4.14 revealed that there were highly significant

(P<0.01) differences among the varietied ared densities. The interaction between the

two factors was, however, significant. Variety H482 produced the maximum grain
yield (86.26 kg/da) by 60 seed< amd Arda gave the lowest grain yield (19.80 kg/da) by
30 seeds R The higher grain yield inLC-482 was attained due to higher number of

total tillers and fertile tillers, more number of pods per plant, thousand grain weight,

branch number and harvest index as compared to Arda
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Table 4.19. Analysis of variance of grain yield (kg/da) ofedtéht chickpea varieties and densities

Sources Sum Mean Degrees of FRatio Prob>F
Squares Squares Freedom

Replication 30.5258 15.2629 2 0.1695  0.8551

Variety 8768 8768 1 97.3843 0.0101**

Replication*variety&Random 180.07 90.035 2 1.4701 0.2594

(Errorl

Density 3833.93 958.483 4 15.6501 <.0001**

Variety*density 1628.31 407.078 4 6.6468 0.0024**

Error -2 979.915 61.24 16

C. Total 15420.756 29 0.001

*Significance at 5 % probability*Significance at 1 % probabilityns = nonrsignificant

(Gan et al 2003) concluded that increasing yield of chickpea at high density and they
found strong positive relationship between seed yield and plant population densities.
(Bahr 2007) also noticed that high plant density (50 plarfsgave higher seed yield as
compare to low plant density (26 plants?jrin chickpea. Grain yielevas increased with
increasing in seed density was presented in Figure 10 and Figure 11. These results are in
line with those of (Valimohammadi et al. 2007) reported that plant densityndas
significant effect on yield. While, (Shamsi 2011) and (Gana et al. 2007) reported that

density does not have a significant effect on yield of chickpea

Table 4.20. Effect of varieties and seeding density seed yield( kg/da) on of chickpea

Varieties Densdties (Seeds ) Means
20 30 40 50 60

Arda 22.48 19.80 e 24.43 de 25.69de 33.41cd 25.16B

ILC-482 32.71cde 46.02c 62.86 b 68.93b 86.26a 59.36 A

Means 2759 C 3291 C 43.64 B 47.31B 59.84 A 42.26

LSD variety 14.89 **

LSD Density 9.57*

LSD variety x 13.54**

density inter.

Means in columns and rows followed by the same letters are not significantly
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1004 v=10707415+ 0788924 T#x. = 0.242168+*
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Figure 4.13. Grain yield of chickpea with different seed on densities in Bingol (Equation with slope was
significant atP < 0.01)
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Figure 4.14. Grain yielfbr two chickpeas at five seeding densities
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4.11.Sieves

Seed size is an important trait for trade and component of yield and adaptation in
chickpea. It is one of the important works in our study and separation seedstasad o
seed. Therefore, twi&abuli chickpea Turkish commercial varieties were used in the
experiment. Variety Arda has large seeds, while-182 has small seeds. In this study
divided seeds size of chickpea to five types contained of 5 mm, 6 mm, 7 mm a@ad

mm. This task was obtained in GAP International Agricultural Research and Education
Center Diyarbakir. (Muehlbauer et al. 1982) reported that in Kabuli types, seed shape
are called ram head in Turkey, and in generally, there are three groupsdaize with

large seeded (>9 mm), medium seede8 (@m) and small seeded-{8mm) chickpeas.

(Gan et al. 2003[Bicer 2009) postulated that seed size had nsignificant impact on

plant growth, development and seed yield of lesgeded crops such esickpeas

4.11.1.Sieves (9) mm

In this study, variety and density (P<0.05) had significant effect while the interaction had
non significant effect on sieves and seeds size. The higher number sievelse ineen
obtained from Arda variety4(46%) by 40seed rf. And the lowest number has been
obtained from ILGA482 variety (0.0%) by 20, 30, 40, 50 and 60 se&d These results

are in agreement with those obtained by (Gan et al.2003) who found that small seeds
chickpea produced a smaller proportion af 8\mm seed. This factor was affected by
chickpea, genetic and environment factors (Singh 1995). On the other hand (Argikar
1956) proposed seed size to be controlled by a single recessive gene and (Ghatge 1993)
proposed control by two genes. Relationshgiween genotype and plant density for

harvest index is presented in Figure 13 and Figure 14.
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Table 4.21. Sieves % 9 mfn& +varjance analysis results of different chickpea varieties and densities

Sources Sum Squares Mean Degrees of F Ratio Prob> F

Squares  Freedom

Replication 0.52757 0.26378 2 1.0000 0.5000
Variety 7.10428 7.10428 1 26.9322 0.0352*
Replication*variety 0.52757 0.26378 2 3.1921 0.0681
&Random (Error -1)

Density 1.30813 0.32703 4 3.9575 0.0203*
Variety*density 13.3447 3.33617 4 2.9789 0.0514
Error -2 1.322188 0.082637 16

C. Total 12.097870 29 <.0001
CV% 19.33674194

*Significance at 5 % probability*Significance at 1 % probabilityns = nonrsignificant

Table 4.22. Effect of varieties and seeding density on sieves % 9 chimkgfea

Densities(Seeds m) Means
Varieties 20 30 40 50 60
Arda 0.73(1.16) 4.46(2.27) 4.06(2.23) 3.30(1.99) 3.90(2.19) 3.29(1.97)A
ILG482 0.00(1.0)  0.00(1.0)  0.00(1.0) 0.00(1.0) 0.0(1.0)  0.00 (1.00B
Means 0.37(1.08) B 2,23(1.63) A2.03(1.61) A 1.65(1.49) A1.95(1.59)\ 1.64
LSD variety 0.80 *
LSD.density 0.35*
LSD varietx ns
density.inte

Means in columns and rows followed by the same letters are not significantly

FYKbM (NI yaT2NYS Redds i dolunng and owsIoiowel ByZhd same letters are not

significantly
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g V= 10871423+ 0,0238333°x - 0002369, r’= 0,060197 ns

% of seed = 9mm in diameter
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Figure 4.15. Relationship between plant seed density and the proportion efitmd)€>9 mm) seed for
chickpea in Bingol (Regression eion was not significaht

Figure 4.16. Sieve 9 mfor two chickpeas at five seeding densities

4.11.2.Sieves (8) mm

In this study, variety (P<0.05) had highly significant effect while the density and
interaction had non significant effect on sieves aeeéds size. Sieve number (8) mm is
the second important record in this research. Table 4.23 .Table 4.24 and Figure 4.17 are

showed that the number of sieves (8) mm has been obtained from Arda \A&4i8624)



