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Chapter1. INRODUCTION 

1.1. Background and Justification 

Agriculture is the backbone of the Ethiopian economy, and more than 37.57% of the 

national growth domestic product of the country is derived from the agricultural sector 

(World Bank, 2021) and provides employment for 72.7% of the country (CSA, 2019). 

Crop production is a major contributor to GDP, accounting for approximately 28% of the 

sub-sectors of agriculture (Belay Duguma et al., 2012). 

According to Getu Gemechu (2011), coffee, pulses, oilseeds, potatoes, sugarcane, 

vegetables and cereals are the principal crops grown in Ethiopia.  

Chickpea, botanically called Cicer arietinum L. is an annual cool season plant belonging 

to the Fabaceae family; it originated in southeastern Turkey (Singh & Diwakar, 1995). 

Chickpea (Cicer arietinum L.) is the third most  important food legume after beans and 

peas, grown with  more than 50 countries worldwide with area coverage of 89.7%, 4.3%, 

2.6%, 2.9% and 0.4% in Asia, Africa, Australia, America and Europe, respectively (Raza 

et al., 2014) ( Sheleme Beyene et al., 2015). 

 It was grown on about 11.98 million hectares (ha) worldwide and its annual production 

was 10.89 million tones (t) during 2010, (Khan and Hussain, 2010). India alone accounts 

for 68.5%of the total chickpea growing area with 68.7% of the total world production. 

The major world producer of chickpea is India with over 5 million tonnes, Pakistanis is 

the second largest chickpea producer with an annual production of 673 thousand tons that 

contributes 8% to the worldwide production (Raza et al., 2014). 

 In Africa, Ethiopia stands first in area (213187 ha) and production (about 500,000 tons), 

but third in productivity (1335.2kgha-1), after Egypt and Sudan (Agajie Melak, 

2018).This clearly indicates the importance of chickpea in Ethiopian agriculture. 

  

The country also having potential suitable land and water resources for irrigation-based 

chickpea production surpasses many thousand hectares (Sheleme Beyene et al., 2015), 

(Nigusie, et al., 2017). 
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are naturally resistant to lodging and have the inflated pods. Each pod contains 1 to 2 

seeds that are formed several inches above the ground and are relatively shatter resistant, 

(Sheleme Beyene et al., 2015). 

The seeds of the plant remain below the ground during germination, offering the plant 

some tolerance to cool soil and ability to regrow if the top growth is damaged in the 

seedling stage, (Tigabie Mesay et al., and 2020). 

There are linguistic indications that the large-seeded, cream-coloured chickpea reached 

India only two centuries ago, apparently through Afghanistan, as its Hindi name is Kabuli 

chana (chana = chickpea), an allusion to the Afghanistan capital Kabul. 

The small-seeded, dark-coloured chickpea is called Desi (local), and these denominations 

are now quite widely used to distinguish the two main groups of cultivars recently, 

(Bürger & Bagheri, 2018) 

The most closely related wild species, C. bijugum, C. echinospermum and C. reticulatum 

would have attracted early food gatherers; the seed size of C. bijugum and C. reticulatum 

unlike other species, they do not shatter their seeds immediately upon ripening. 

Domestication and crop evolution followed the usual process, (Bürger & Bagheri, 2018). 

2.3. Environmental requirements /adaptation /of Chickpea 

There are wide variations in the agro climatic conditions under which chickpea are grown 

around the world. It is grown between 20°N and 40°N in the northern hemisphere. It is 

also cultivated on a small scale between 10°N and 20°N in India and Ethiopia at 

relatively higher elevations (Ewert et al., 2015). 

These environments differ in photoperiod, temperature, and precipitation there are wide 

variations in the agro climatic conditions under which chickpea is grown around the 

world, (Ewert et al., 2015). 

It is also cultivated on a small scale between 10°N and 20°N in India and Ethiopia at 

relatively higher elevations the crop is grown on stored soil moisture, and drought and 

low temperatures are the primary factors limiting growth. In East Africa and the Indian 

plateau (8°N to 20°N), day length and temperature are relatively constant during the 

season, (Ewert et al., 2015). 
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2.3.3. Rainfall 

The plants grow well in areas with annual rainfall of between 600 - 1000 mm. However, 

chickpea productivity under marginal rainfall conditions may be increased through 

genotype selection and manipulation of planting density, (Corp et al., 2004), (Sheleme 

Beyene et al., 2015). Owing to its deep taproot, chickpea is fairly drought tolerant as it is 

able to extract moisture from deep layers of soil profile, but its productivity is reduced by 

the recurrence of the terminal droughts. Thus, chickpea cultivation is solely dependent on 

soil moisture reserve where planting is made late during the recession of the main rainy 

season to escape the waterlogging condition. 

The flowering and pod setting stages of chickpea appear to be the most sensitive stages to 

water stress (Nayyar et al., 2006). Chickpea grows best on well-drained soils with a 

neutral pH. It is not well adapted to saline soils and does not tolerate wet or waterlogged 

soils. 

2.4. Factors affecting chickpea production and its managements 

2.4.1. Biotic factor 

Chickpea is prone to damage by many diseases and insect-pests. In general, root diseases 

(fusarium wilt, collar rot and dry root rot) and foliar diseases (ascochyta blight, botrytis 

grey mold) are important diseases in Ethiopia (Sheleme Beyene et al., 2015). 

Among the insect pests, infestation by pod borer (Helicoverpa armigera) is the most 

severe. The insect infestation is severe throughout the country and has been reported to 

significantly reduce the crop yield. Cutworm is next to pod borer in affecting chickpea. It 

is more common in the northern part of the country. Bruchids (Callosobruchus chinesis) 

is yet another insect that damages the seeds during storage (Sheleme Beyene et al., 2015). 

2.4.1. Chickpea diseases and its managements 

Ascochyta blight (Didymella rabiei L.) : The fungus Ascochyta rabiei, also known as 

Didymella rabiei or Phoma rabiei, causes lesions to occur on all above- ground parts of 

the chickpea plant its major important pest warm and humid weather conditions, (Gaur et 

al., 2010). 

Ascochyta blight is the foliar disease having the greatest potential to destroy chickpea 

crops. Symptoms include yellowing of infected plant parts and elongated, sunken, dark 

lesions on stems, leave, and pods, (Gaur et al, 2010). 
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Cutworms, cabbage loppers, and army- worms cause damage in some years and 

require insecticide treatment, (Corp et al., 2004)), (Gaur et al., 2010) 

Gram Pod Borer (Helicoverpa armigera): Gram pod borer is the major important insect 

pest, these insect 50 to 80 % economic damages, (Corp et al., 2004). 

Managements of gram pod borer by spray one of the following 

i). Spinosad 45SC @ 0.1ml/l in water 

ii). Indoxacarb 14.5SC @ 0.3ml/l in water 

iii). Flubendiamide 48SC 0.1ml/l in water 

iv). Novacuron 10EC 1ml/lit in water. 

2.4.1. Weeds 

Chickpea is not competitive with weeds. Weed problems have proven to be a major 

constraint to successful chickpea production, so weed management measures must be 

planned and implemented carefully, (Gaur et al., 2010). 

2.4.1. Crop Varieties 

Most of the desi (with yellow to brown seed testa) chickpea is grown between 20°N and 

30°N, while kabuli (with cream colored seed testa) types are grown above 30°N. There is 

a small area under this crop between 10°N and 20°N at relatively high elevations in India 

and Ethiopia (Khanna-Chopra and Sinha, 1987). 

In the Mediterranean region (30°N to 43°N) both temperature and day length increase 

(9.4 to 13.4 h) from the time of sowing of spring chickpea. Most of the rainfall is 

received in the early part of crop growth. 

Cold temperature, low radiation and wet seedbeds are the major constraints during the 

vegetative period and drought during the reproductive period. However, winter-sown 

chickpea is exposed to relatively less favorable thermal and better moisture regimes than 

spring-sown chickpea (Saxena, 1981). 

2.4.2 Abiotic factors (stresses) for chickpea production in Ethiopia 

2.4 2. Drought Stress 

Drought is one of the most important abiotic stresses, which limits production in 

different parts of the world and has remained the most recalcitrant when attempted to 
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are 0.52mg for methionine, 1.45mg for lysine and cysteine, 0.71mg for threonine and 

0.16 mg for tryptophan (Million Eshete. 1994). 

It is also used to rehabilitate depleted fallow lands by playing active role in crop rotation 

practices/programs.  

In the export market, Chickpea contributes a significant portion of the total value of pulse 

exports. For example, chickpea constituted about 48% of the pulse export volumes in 

2002.During this period of time, the exported volume accounted for about 27% of the 

total quantity of chickpea production while the balance remained for domestic market 

(Shiferaw et al., 2007). Due to the improvement of production in the country and new 

markets demand, Ethiopian chickpeas have gained an important place in India and 

Pakistan (2000-2002). 

In 2002 alone the country exported 48,549.9 tons of chickpeas valued at 14.6 million 

USD mainly to Pakistan, India, UAE, Panama and Bangladesh, taking 73, 7, 6.5, 5.5 and 

2.5 percent share of the export (EEPA, 2004). 

The average annual chickpea export was 34,308 MT, with an estimated annual foreign 

currency earnings equivalent to US$ 20.93 million each year between 2005 and 2010. 

Both the volume and value for chickpea showed more accelerated growths than those for 

common bean. 

Destinations of Ethiopian chickpea export include 32 countries in Asia, the Middle East, 

Africa and Europe. Pakistan, UAE and Sudan accounted for about 34%, 27% and 14% of 

the total volume. Bangladesh, India, Singapore, Saudi Arabia, Djibouti, Israel and Jordan 

were among the top 10 destinations for Ethiopian chickpea export. 

Many smallholder farmers this meant improved income, food security, nutrition and 

investment in businesses such as seed production and livestock rising. Overall, the 

increased productivity and production have helped Ethiopia to increase its revenue and 

diversify exports, instead of relying totally on few exports cropping such as coffee 

(Tsedeke Abate, 2011). 

Apart from being excellent sources of food, chickpea play a significant role in improving 

soil fertility by fixing the atmospheric nitrogen made it available for crop uptake. It meets 

80% of its nitrogen (N) requirement from symbiotic nitrogen fixation and can fix up to 

140 kg nitrogen per hectare from air. 



file:///C:/Users/DMU/New%20folder/chickpeaflower1a.jpg
file:///C:/Users/DMU/New%20folder/22-chickpeas-kabuli-desi.jpg
file:///C:/Users/DMU/New%20folder/chickpeaflower1a.jpg
file:///C:/Users/DMU/New%20folder/Flawore%20color%20of%20desi%20vs%20akabuli.jpg
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               Figure2.1. Chickpea producing regions in Ethiopia, 
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                (CSA, 2013) 

 

       Figure2.2.major chickpea producer African countries and chickpea production 
status from other legume crops, in Ethiopia 

  Source (CSA, 2013). 

2.7.2 Chickpea Production Constraints in Ethiopia 

The major limitation to chickpea adoption is lack of seed systems, shortage of quality 

seed and lack of timely delivery, and insufficient access to production credit to farmers. 

More than 90% of the annual seed demand for chickpea production was covered by the 

informal seed system either by own saved seed or through farmer to farmer seed 

exchange system, (Bishaw and Van Gastel, 2008, Atilaw and Korbu, 2011). 

The formal seed system of the country supplies below 10% of the seed demand and when 

disaggregated over 90% was focused on maize and wheat seed production. As of the 

forgoing gaps in the formal seed system, this scaling up activity was done to promote 

improved chickpea technologies coupled with seed multiplication and delivery. 

Therefore, to expand the area coverage of improved seed, to ensure its sustainability and 
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market participation of smallholder farmers establishing farmer seed producer and 

marketing cooperative is the best alternative. 

The production and market participation of smallholders in Ethiopia is not satisfactory 

and below the available potential (Shiferaw Bekele etal, 2007). 

Market imperfections have led to a stagnation of the sector with producers remaining in 

subsistence production (Shiferaw Bekele etal, 2007). 

The performance of chickpea is affected by abiotic and biotic factors. Abiotic factors 

such as soil salinity, extremes of temperatures and flooding. Abiotic factors affect water 

relations of the plant, both at cellular level as well as at the whole plant level, causing 

both specific and non-specific reactions, damage and adaptation reactions (Potters et al., 

2007).  

 Rasool et al, (2015) states that yield performance of chickpea is also influenced by 

deficiencies in some elements in agricultural soils such as nitrogen, phosphorus and the 

presence of heavy metals such as arsenic which is found in the oxidized state as arsenite 

(As (III)) and arsenate (As (V)). 

Biotic factors such as diseases, insects, pests and plant parasitic nematodes affect 

chickpea productivity (Beyene et al., 2015). Castillo et al. (2008) identified chickpea 

parasitic nematodes that are estimated to cause annual yield losses of 14% as reniform 

nematode (Rotylenchulus reniformis), root-knot nematodes (Meloidogyne spp.), root 

lesion nematodes (Pratylenchus spp.) and cyst-forming nematodes (Heterodera spp). 

Root diseases (fusarium wilt, collar rot 

And dry root rot) and foliar diseases (ascochyta blight, botrytis grey mold) also threaten 

chickpea production. Insects pests such as pod borer (Helicoverpa armigera), 

Cutworm and bruchids significantly reduces chickpea yield (Beyene et al., 2015). 

Factors such as low yield potential of local cultivars, for example the Ethiopian Desi 

chickpea types, with small seed size and undesirable texture, are low in productivity. 

Moreover, poor cultural practices and susceptibility of landraces to biotic and abiotic 

stresses are also issues of concern in Africa. Unavailability of improved seed also 

contributes to low productivity and some high-yielding varieties with market-preferred 

traits have not reached farmers on a large scale. Farmers are growing local landraces, 
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great importance Sowing time had a marked effect on growth and development of crop 

(Reddy et al. 2003).   

Optimum sowing time provides more time for growth and development of plant that is 

favorable for higher yield whereas both early and late sowing hinders the growth and 

development with lowering seed yield, (Gurung, etal.1996). 

Chickpea is normally sown during second fortnight of October to first fortnight of 

November in Chhattisgarh. Studies have shown that early winter sowing (mid-October to 

mid-November) is the optimum period (Saxena, 1987), Late sowing, after November 18 

reduced yields by 28 per cent for every 10-day interval delay sowing time. 

Number of pods Plant-1 a significant reduction was recorded in number of effective pod 

plant-1 with successive delay in sowing time after 3rd week of November. Among 

different sowing time, 3rd week of November sown crop with significant difference 

followed by 1st week of November (76.31) sowing. The lowest number of pods was 

recorded in 3rd week of December sown crop with significant difference to others. 

The reduction in number of pods plant-1 was 8.59, 31.7 and 46.68 % in 1st week of 

November, 1st week of December and 3rd week of December sowing respectively, over 

3rd week of November sowing. Optimum weather condition favours growth and 

development of plants, which leads in more number of pods plant compared to un 

favorable condition occurred under delayed sowing resulting in lesser growth and 

developmental period.  

The beneficial effect of early sowing on pods plant-1 was also reported by Sharma et al. 

(1988), Dixit et al., (1993a) and Prasad et al. (2012) Regarding effect of spacing, closer 

spacing of chickpea exhibited lesser number of pods plant-1 as compared to wider row 

spacing of 50 cm. Significant maximum number of pods plant-1 was noted under 50 cm 

(74.21) with significant difference followed by 40 cm (65.14). The lowest number of 

pods plant-1 was recorded under 30 cm row spacing (56.65) with significant difference to 

other spacing. Increase in row spacing resulted in increasing number of pods plant-1 in 

general. Wider spacing had 14.99 and 31.0% higher number of pods plant-1 under 40 cm 

and 50 cm spacing, respectively, as compared to closer spacing of 30 cm. This is because 

of efficient utilization of nutrient, water and solar radiation at wider row spacing as 

compared to narrow row spacing.  
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Increase in pods plant-1 with increase in row spacing had also been reported by Sonboir 

et al. (2017) .As concerned to effect of nipping on number of pods, nipping of chickpea 

exhibited more number of pods plant-1 compared to no nipping. Significantly, maximum 

number of pods plant-1 was recorded less than one nipping at 40 DAS (66.78) which was 

at par with one nipping at 30 DAS (66.70). The lowest number of pods plant-1 was 

recorded under no nipping (62.51) with significant difference. 

 The average increase in number of pods plant-1 was 6.77 % due to nipping over no 

nipping. Nipping at 40 DAS and 30 DAS recorded 6.83 and 6.70 % higher number of 

pods plant-1 as compared to no nipping. The nipping is known to accumulate more 

photosynthesis which are utilized for development of higher number of pod (Singh and 

Devi, 2006) One nipping at 30 to 45 DAS recorded higher number of pods plant-

1compared to no nipping (Sonboir et al., 2017 and Sujatha etal, 2016) .  

The interaction effect of sowing time and spacing exhibited that 50 cm spacing recorded 

higher number of pods plant-1 at all sowing time with significant difference to other 

spacing, however it was at par with 40 cm spacing in 1st week of December and 3rd 

week December sown crop. Among all the combination, 3rd week of November with 50 

cm spacing recorded highest number of pods with significant difference to other. 

Similarly lowest number of pods was recorded in 3rd week of December with 30 cm 

spacing which was at par with 3rd week of December 40 cm spacing. The interaction 

effect of sowing time and nipping showed that one nipping at 40 DAS recorded 

maximum number of pods plant-1 in 1st and 3rd week of November sowing which was 

however at par with nipping at 30 DAS. Moreover in 1st and 

3rd week of December sowing, maximum number of pods was noted in no nipping with 

significant difference. The nipping in December sown crop exhibited reduction in number 

of pods plant-1. Among all combinations, the higher number of pods was recorded in 3rd 

week of November sowing with nipping at exhibited significantly number of pods plant-1 

(83.48 0 DAS which was however, at par with nipping at 30 DAS on same date of 

sowing. The least number of pods was noted in 3rd week of December sown and nipping 

at 40 DAS, which was at par with nipping at 30 DAS on the same time of sowing only.  

Development of pods in chickpea depends on vegetative growth and number of branches 

flavored by sowing time, spacing and nipping. Due to this, lesser number of pods in 

December sown may have been observed. 
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Number of seed pods-1 Maximum number of seed pod-1 was recorded in 3rd week of 

November (1.75) sowing which was however at par with 1st week of November sowing. 

The lowest number of seed pods-1 was observed under 3rd week of December sowing 

with significant difference to other sowing time. The seed pod-1 was favorably influenced 

due to sowing time.  

Delayed sowing of chickpea in December resulted in lesser seed pod-1. This may be due 

to increased temperature in delayed sowing at flowering and maturity. This is in 

agreement with the findings of Rajput et al. (1986), who observed higher values of pods 

plant-1 with the 15th November sowing. 

 The beneficial effect of early sowing time on seed pods-1 was also reported By Sharma 

et al. (1988), Nipping of chickpea exhibited higher number of seed pods-1 as compared to 

no nipping. Significantly maximum number of seed pods-1 was recorded fewer than one 

nipping at 40 DAS (1.67) which was at par with one nipping 30 DAS (1.64). The lowest 

number of seed pods-1 was recorded under no nipping (1.62) which was at par with one 

nipping at 30 DAS. 

100-seed weight (g) among different sowing time, that 100 seed weight was recorded 

higher in 3rd week of November (24.01) sowing with significant difference followed by 

1st week of November (22.35). Minimum 100 seed weight was observed in 3rd week of 

December sowing with significant difference to other sowing time. 

The yield Parameter of chickpea i.e. 100-seed weight was favorably influenced due to 

sowing time. Timely sowing provides favorable weather condition for growth and 

development of seeds leading to bolder seeds. 

Delayed sowing coincides with higher temperature at grain development stage that leads 

to more small sized grain.  Rajput et al. (1986) who observed higher values of 100-seed 

weight with 15 November sowing. Sharma et al. (1988) also reported the beneficial effect 

of early sowing time on 100-grain weight, the 100 seed weight was noted higher in wider 

spacing and it decreased with lower in spacing. Maximum 100 seed weight (21.45) was 

recorded under spacing of 50 cm that was at par with 40 cm spacing (21.40). Minimum 

100 seed weights were observed under 30 cm spacing (20.96) with significant difference. 

Increase in row spacing resulted in increasing 100- seed weight in general. This is 

because of efficient utilization of nutrient, water and solar radiation at wider row spacing 
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as compared to narrow row spacing. Saini and Faraday (1997), Thakur et al. (1998), and 

Mondal (2000) have also reported increase in yield attributing characters with increase in 

row spacing, Nipping of chickpea exhibited more 100 seed weight as compared to no 

nipping. Significantly, maximum 100 seed weight was recorded fewer than one nipping 

at 40 DAS (21.50) which was at par with one nipping 30 DAS (21.32).  

The lowest 100 seed weight was recorded under no nipping (20.98) with significant 

difference. The higher seed quality parameters noticed with nipping at 40 DAS may be 

due to increase in photosynthetic area leading to higher photosynthetic rate, better 

assimilation and accumulation of more photosynthesis resulting into better seed 

development as evident with higher 100-test weight observed by Gnyandev (2009)  in 

chickpea.  

Sujatha et al. (2016) also reported that the nipping at 45 DAS recorded higher 100-seed 

weight. 

2.8.2. Row spacing (intra and inter) 

One of the main reasons of low yield of Chickpea (Cicer arietinum L.) is improper 

population. Too low and high plant population beyond a certain limit often adversely 

affects the crop yield. Number of plants per unit area influences plant size, yield 

components and ultimately the seed yield (Beech and Leach, 1989). Moreover, plant 

spacing in the field is also very important to facilitate aeration and light penetration in to 

plant canopy for optimizing rate of photosynthesis.  

There is very little information available on the relative contribution of various plant 

spacing towards yield and yield components and their interaction. Both over and under 

plant densities resulted in significant yield decrease (Ashour, et al. 1995).  

Panwar et al. (1980) and Singh et al. (1994) reported row spacing of 45 cm increased 

chickpea yield compared to 30 and 50 cm spacing while Parihar (1996) indicated that row 

spacing had no significant effect on seed yield. Nawaz et al. (1995) and Felton et al. 

(1996) concluded that dry matter production and plant height were higher in higher plant 

populations (60 plant m-2), and a population of 40 plants per square meter gave the 

maximum grain yield. 

 Khan et al. (2001) concluded that narrow row spacing of 30 cm produced significantly 

maximum yield than at of wider row spacing of 70 cm. But Barary et al. (2002) observed 
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the effect of row and plant spacing on seed yield was non-significant. Seed rate of 40-50 

and 75-100 kg ha-1 was found sufficient for small seeded and bold seeded varieties, 

respectively (Faroda and Singh, 1979) but Javadi et al. (2004) achieved more yield at 75 

kg than that of 100 kg seed rate ha-1. 

 Yield increased with increase in plant population up to 50 plants m-2 for irrigated and 

population of 23 plants m-2 was ideal for rain fed chickpea (Saxena, 1979 and Lather, 

2000). Contrary to this Karawasra and Faroda (1979), McKenzie, and Hill (1995) 

reported that seeding rate (30, 45 and 60 kg ha-1) and row spacing (20, 30 and 40 cm) did 

not affect gram yield though higher plant population intercepted more solar radiation.  

Arshad et al. (2008) narrated that maximum seed yield was harvested at 75 kg seed rate 

ha-1. Among the yield components, number of pods plant-1 and number of grains pod-1 

and 1000 seed weight decreased with increasing seed rate (Aziz et al.1988 and Komatsu 

et al.1989).  

Tripathi and Singh (1989) and Abbas (1990) stated that different seeding densities 

affected number of branches plant-1, pods plant-1, seeds pod-1, 1000 seeds weight, total 

dry matter, did not significantly influence different seed rates while Zahoor (1991) 

reported that 1000 seeds weight, biological yield, seed yield and harvest index and seed 

yield significantly. 

 Machado et al. (2006) narrated that row spacing did not affect yield but higher seeding 

rates increased yields in late seeded chickpea when moisture was not limiting. 

 Machado et al. (2003) revealed that biological and grain yield was increased when the 

seeding rate was increased from 17 to 33 seed m-2, no further response was obtained by 

increasing seeding rates to 50 seeds m-2 and observed that row spacing did not influence 

grain yield but more yield was reported by Corp et al. (2004) at seeding rates of 44-55 

seeds m-2 than lower seeding rates of 33-44 seeds m-2. 

 Regan et al. (2003) and Gan et al. (2003) recommended optimum plant population 

density for higher seed yield from 40 to 45 plants m-2 for Kabuli chickpea and from 45-

50 plants m-2 for desi chickpea.  

Pu-hai Liu et al. (2003) concluded that as plant population increased from 20 to 50 plants 

m-2, seed yield m-2 increased by 20% for desi and 27% for small seeded Kabuli chickpea.  
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density due to efficient utilization of growth factors. The highest mean harvest index 

(45.45%) of chickpea was obtained from the interaction of 40 x 15 cm inter and intra row 

spacing, the lowest harvest index (42.08 %) of chickpea was obtained with the narrowest 

inter- and intra- row spacing, i.e. 20 × 10 cm. this reduction in harvest index in narrower 

spacing might be due to the higher plant population per unit area, which might have 

increased the flower abortion due to competition for nutrients, moisture and solar 

radiation. Similarly, Chala et al, 2020 reported that the maximum harvest index (34.03%) 

in the widest row spacing (40 cm) of chickpea than 20 cm row spacing. Khan et al. 

(2010) reported higher hundred seed weight (29.87g) in the wider inter row spacing of 45 

cm than 30 cm inter row spacing of chickpea. 

Recently, (Attia, A. et al 2012) reported that maize plants sown in line having (60 cm) 

row to row distance had heavier 1000 grains weight and highest grain yield. Leilah A.A. 

et al (2013) point out that planting maize in ridges 80 or 90 cm apart produced the 

highest values of yield and yield components and planting maize in ridges 70 cm apart 

gave the lowest values of yield and growth parameters. According to the recent 

investigation, (Gobeze, Y et al 2012) the highest number of the ear, stem diameter and 

cob length were recorded at 8 plants /m2, while the highest values of plant height were 

recorded at 12 plants/m2. Similarly, Darwich M. (2009) reported that increasing maize 

distance between rows from 60 to 70 and 80 cm lead to a significant increase in growth 

character, grain and its components due to better interception and utilization of solar 

radiation and the increase in photosynthetic processes. 

Population above the optimum has resulted in lodging that has caused a reduction in 

maize production. Sharifai A, et al., (2012) reported that increase in intra-row spacing 

from 20 to 25cm significantly increased number of row per cob, cob diameter, 100-grain 

weight and grain yield. The earlier crop cover provided by smaller / narrow intra row is 

instrumental to enhance soil protection, diminishing water runoff and soil erosion (Sangoi 

et al., 1998, and Mureithi, et al, 2012). 

Row spacing is one of the important characters, which can be manipulated to attain the 

maximum production from per unit land area. The optimum row spacing with proper 

geometry of planting is dependent on variety, its growth habit and agro climatic 

condition. The seed yield of chickpea is highly dependent on plant population. Seed yield 
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increases with decreased row spacing up to an optimum limit which changes according to 

genotypes. 

 Goyal et al (2010) Studied on growth and yield of kabuli chickpea (Cicer arietinum L.) 

genotype under different plant densities and fertility levels. Sharma and Dadheech (1986) 

reported higher seed yield (15.69 q/ha) with 30 cm row spacing while 45 cm row spacing 

reduced the yield (12.79 q/ha). 

 Beech and Leech (1989) studied growth and yield of chickpea at row spacing of 

18,36,53 and 71 cm. Row spacing had only a small effect on ground dry matter 

production and yield. There was no significant difference in yield at different row 

spacing. Brhanu Challa et al ,2020), reported that desi type ( var. Marye) (bold seeded), 

chickpea Significantly higher (248 g) 1000 grain weight was recorded under 40 cm with 

20 cm spacing and lowest (165 g) 1000 grain weight under 30 cm x 5 cm row spacing. 

The highest (1625 kg ha-1) seed yield of chickpea was obtained from 30 cm x 15 cm and 

the lowest seed yield (1096 kg ha-1) was recorded from 20 cm x 5 cm row spacing. The 

highest harvest index (34.03%) was achieved for the interaction of 40 cm inter- and 20cm 

intra-row spacing and the lowest harvest index (12.14%) under 20 cm x 5 cm row 

spacing. 30 x 10 cm. 

2.9.5 Method and rate of seeding 

Seeding rates vary because of the variation in seed size. Seeding rates range from three to 

four seeds/square ft. This is equivalent to 80 to 95 pounds per acre for the Desi types and 

150 to 200 pounds per acre for the Kabuli types. Higher seeding rates (four to five seeds/  

square ft) can produce higher grain yields but may not be economically feasible (M. Corp 

et al., 2004). 

Plant the seed at a depth of 1.5 to 2.5 inches. Packing the soil after seeding improves 

seed-to-soil contact and seed (Corp et al., 2004), (Loria et al., 2021).  It is one of the most 

essential legume food plants in sustainable agriculture system due to its low production 

cost, wider adaptation, ability to fix atmospheric nitrogen which fits in various crop 

rotations and existence prolific tap root system (Yadav et al. 2020), (Loria et al., 2021). 

Chickpea play significant role in maintaining the fertility of soil by fixing nitrogen up to 

140 kg ha-¹ per year (Flowers et al. 2010), (Loria et al., 2021). Chickpea provides low 

inputs of nitrogen through biological nitrogen fixation and allows benefits to other cereal 

crops (Siddique et al. 2005), (Loria et al., and 2021). 
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Harvesting and storage Seed color is of utmost importance to buyers. They prefer a light 

yellowish-cream color as opposed to greenish or brown seeds, so monitor seed color 

carefully.  

Harvesting could be accomplished by either direct combining the crop or swathing before 

combining, depending on uniformity of maturity. Swath when most of the plants are 

yellow and pods appear nearly matured.  

To reduce seed loss, swath at night or at dawn when plants are slightly damp, when the 

vines, pods, and seeds in the windrow have dried down to about 13 percent moisture 

content, the crop is ready to combine.  

Adjust screen sizes and concave clearance when combining to accommodate larger seeds. 

Adjust cylinder and fan speeds to obtain undamaged seeds and best separation, starting at 

the lowest speed and increasing speed as necessary. Chickpeas are prone to shatter and 

header harvesting losses. Using sickle sections equipped with double-density knife 

guards can substantially reduce losses. 

Attachments that extend knife finger length and headers equipped with air-reels also have 

been shown to reduce seed loss. . 

Store seeds at a moisture content of 10 to 12 percent to prevent disease and insect 

outbreaks, (Corp et al., 2004). 

It is important to harvest chickpeas at the right stage of maturity and not delay harvesting 

to avoid shattering. Substantial grain losses can occur due to shattering at the time of 

harvest, if the harvested crop has to be taken out of the field and moved to a distant 

threshing floor, the harvested plants should be placed inside sacks to avoid grain loss 

during transportation. 
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Chapter3.  MATERIALS AND METHODS 

3.1. Description of the Study Area 

The study was conducted at Northeastern part of Amhara National Regional State of 

Ethiopia (Figure 3.1). This field experiment was  conducted on Eastern Amhara in north 

wollo district  in Raya Kobo at Abure  kebele 10km apart from south wards from the 

district , in one year,  during the main crop growing season in 2024 E.C. it  has an 

elevation, lies at 450 NE, 110 North & 390  Easts latitude with an elevation of 1450 to 

1500 meters above sea level, The study area is one of the eight rural districts in North 

Wollo Zone and lies about 54 Km North to the zonal town Woldia, 189 km South of 

Mekele ,570 km from Addis Ababa and 410 km far away from the regional head quarter 

City of Bahir Dar town,. Raya Kobo is bordered in the North by Tigray Region, in the 

South by Gubalafto and Habru district, in the East by Afar Region and in the West Gidan 

distric. The agro-climatic feature of the districts is tropical as 9.3%, 35% and 55.7% are 

Dega, Weyna Dega and Kola, respectively. 

The topography of the districts consists of 65% plain and the rest 20%, 6%, 5%, and 4% 

as mountainous, rugged, gorges and swampy. The principal feature of rainfall in the area 

is bimodal, characterized by seasonal, poor distribution, and erratic with a mean annual 

rainfall of 670mm that ranges from 500-850mm. (RKWAO, 2015). Based on 2023 years 

of climate data collected from the Northeastern Ethiopia meteorology at Kobo 

agricultural station, the mean minimum and maximum annual temperatures of the study 

area were 10.1 and 25.1 °C, respectively (Appendix table10). Moreover, the study area 

was receives 683.3 mm of mean annual rainfall with a mean monthly precipitation of 

59.98 mm. The rainfall distribution of the area is bimodal, and the main rainy season 

from June to August (Fig. 3.1). 
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Figure3.1. Rain fails (mm), minimum and maximum temperature (°C) data during 
study year and location (2023/2024 E.C). 

 

In Raya Kobo district, there are 43 rural and six urban kebele administrations. The total 

population of the district in 2017 is estimated to be 275,981 (138,726 male and 137,165 

female). Out of the total population 218,102 (108,737 male and 109,365 female) live in 

rural areas whereas 57,789 peoples (29,361 male and 28,428 female) live in the urban 

area of the district (CSA, 2013). In addition, according to RKWAO (2015) there are 

49,841 rural households in the study area. The study area represents an agriculturally 

potential area with high livestock population density. Mixed farming system is practiced 

in the area with crop production dominating livestock rearing. Despite the fact that the 

area is potential for cop production, however agricultural productivity is generally low 

and it is subsistence oriented. Livestock and its product contribute a significant 

proportion of cash income for households. The livestock population of the district is 

estimated as 242621 cattle, 32602 sheep, 118375 goats, 13863 camels, 21611 donkeys, 

674 mules, 44 horses and 156126 poultry (RKWAO, 2018).The total-cultivated land of 
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the district is 47,784 hectare. the major crop production are produced in the low land part 

of the district are Teff, sorghum, Mung bean and chick pea respectively and among this 

15,728.25 hectare is cultivated for Teff production.11, 0100 hectares sorghum, and the 

remain is different types of high land crops like wheat, barely lentil, pea and chickpea 

and other cops .The average productivity of Teff during 2019 production year is 

1.5tone/ha-1. The average-cultivated land size is 0.75 ha and the average fragmentation is 

3 plots. The source of labor for crop production is both family and hired labor. Different 

types of local Teff varieties are cultivated in the district such as Magna, Tikurie, Bunign, 

Sergegna, and improve variety such as Zoble, Quncho and Boset. This woreda also 

known by the major and one of  sorghum belt area in Ethiopia .The farmers  was 

produced long cycle high yielding local sorghum varieties like Abola , Jigurte, Dagalet, 

Abaere  etc. But know a day it is difficult produced those cultivars do to environmental 

change and low and an erratic rain fall. Know a day this area produced high yielding, 

short season improved sorghum varieties. Due to the cause of potential land and shortage 

of rain fall in the locality the regional Government built ground water for irrigation, then 

the farmers produced horticultural and other crops 3 times in a year on more than 12,000 

hectares of land. Then know a day Chickpea and Mungbean is the major pulse crop used 

as rotational with the main crop and horticultural crops and as means of income (cash) for 

local and national market and for local consumptions practiced by farmers both rainfall 

and irrigation conditions. 
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  Figure3.2. Map of study area 

 

3.2. Soil Sampling and Analysis  

A soil sample was taken of 0- 20cm soil depth from 5 random spots of the experimental 

site with a zigzag method by using Ogre and a composite was made before planting, 

composite sample was taken to Debre-brihan Agricultural research center soil laboratory 

and analyzed for selected physic-chemical properties mainly textural analysis (percent 

sand, silt and clay), soil pH, total nitrogen, organic matter content, available phosphorous 

(P), exchangeable potassium (K+) and cation exchangeable capacity (CEC), Analysis of 

organic matter content of the soil in a laboratory was determined by Walkley and wet 

oxidation method as described by Jackson (1958) and total nitrogen by Kjeldhal method 

as described by (Beech, D. F, 1989),  the pH of the soil was measured in water at soil to 

water ratio of 1:2.5, and cation exchange capacity was determined using Kjeldhal 

procedure as described by Page, A. L . 1982, Ranist V. E, etal 1990), Available 

phosphorous was determined according to the methods of Olsen and Dean and 

exchangeable potassium by flame photometer (Soil texture analysis could be performed 

by Bouyoucous hydrometer method (Day, P. R. 1965) 
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According to the laboratory analysis, the soil texture of the experimental area was clay 

(Table 3.1). The soil texture (proportion of sand, silt and clay in the soil) controls water 

contents, water intake rates, aeration, root penetration, and soil fertility.  The experiment 

was practiced on the textural class of the soil, which is clay (Weil and Brady 2016; 

USDA, 2017), with a textural proportion of 42.2% sand, 13.6% silt, and 51.1% clay 

contents (Table 3.1). The pH of the soil was 6.2, According to Ethiosis (2016), the study 

soil was moderately acidic (6.2), Chickpea grows well under the pH range of 6.0 to 8.0 

(ICRSAT, 2010), (Mazid & Amegbeto, 2022), reported that chickpea is best adapted to, 

clay loams, and clay soils. This indicates that the soil texture of the study area is suitable 

for chickpea production, and likewise, the content of Soil Organic Carbon (2.56%) was 

good (Landon 1991). Table 3.3 shows that the Total nitrogen (0.18%) and Available 

Phosphorus (2.3 mg kg-1) were found in low (Landon, 1991) and very low (Hazelton and 

Murphy, 2016) ranges, respectively. the CEC of the soil of the experimental site was 

analyzed to be 32.4cmol/kg According to the rating made by Landon (1984), this value 

lies in the above meddle range (15-25cmol/kg), which means the soil, is satisfactory for 

agricultural production. 

Table3.1. Major physic-chemical properties of the experimental site 

Properti
es 

Soil characters Values Method of soil analysis 

BD Bulk density 1.35 Core sampler method (Blake and Hartge, 1986) 

pH  2.5:1 (S/L) 6.2 Potentiometric pH meter (Anderson and Ingram, 
1993) 

SOC  (%) 2.56                          Wet, digestion method (Walkley and Black, 1934) 

TN  (%) 0.18                                   Micro-Kjeldhal method (Bremner, 1982) 

AvP mg Kg-1 (ppm)                 2.30 Bray 2 method (Bray and Kurtz, 1945) 

Ex. Ca2+ (Cmol(+) Kg-1) 32.4  

Ex. K+ (Cmol(+) Kg-1)  0.1543  

 Soil texture:    

7 Sand (%) 42.2                                              

8 Silt (%) 13.6                              

9 Clay (%) 55.1  

10 Textural class Clay   
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total size of each plot are 2 × 2.4m (4.8m2), the net harvestable plot size 1.8m length 

times each harvestable row/plot(3.6m2) and the total experimental area will be 54m*9.2m 

equals to 616.4m2. 

3.4. Experimental Procedure 

The experimental field were plough-using tractor, disk harrow and the oxen plow to make 

the soil fine tilts for  sites , and I were removed the weed by using herbicide chemicals 

and hand weeding before seeding, leveling operations done by using human labor in 

order to reduce heterogeneity of experimental area within blocks. 

Seed and seeding:-  The physical purity of the seed were maintain  properly, under sized 

and shriveled seeds as well as broken seeds would be removed, uniform and sound seeds 

will be  select  for germination test .were the germination capacity of the seed at hand 

below hundred percent (100%)  I was adjusting seed rate based on the treatment setups of 

by one of the following adjustment methods. 

Amount of seed were required for each treatment:-. 

Seed rate (kg/ha) = 1000 grain weight (g) x number of seedlings per hill x 100(iii) 

                                                     Spacing (cm2)   

 

Seed rate after correction for germination = Actual seed rate *  100(iv) 

                                                                 Germination % 

 
Seed rate after allowance for risk (20% extra) = calculated seed rate + (calculated seed 

rate * extra germination %). 

Seeding method:- After the accomplishments of physical purity and germination tests the 

required amount seeds were weighed by using sensitive balance based on each treatment 

requirements by doubled amounts for using two seeds per hole to 3-5 cm deep  by using 

hand seeding (Deepings) with seven days intervals from August 10 up to August 24 

Ethiopian calendar. 

Other agronomic practice: Expect the treatments each agronomic practice was treated 

equally as farmers practice in the study area, (example weeding, diseases and insect pest 
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management practices was done properly and equally by using effective chemicals like 

highway, karate, indosulfan for the control of insect pests like boll worm, cut worm and 

others and 2-4D chemical were used the controlling broad leaves before planting and 

using manuals weeding after planting as farmers practice. 

Harvesting:- is done by hand picking by excluding border rows in each direction   and the 

area will be convert in hectare bases. Manual labor forces using peg like stick on clear 

and wide canvas do threshing properly. 

3.5. Data collected 

3.5.2. Crop phenology and growth parameters 

Days to emergence (days); it was record by counting the number of days starting from the 

time of sowing up to when 50 % of the plants emerge from each plot by visual 

observation. 

Days to flowering (days); it was be record by counting the number of days starting from 

the time of sowing up to the time when 50 % of the plants in the plot flowering. 

Plant height (cm); this refers plant height (cm) from the ground level to the tip of main 

stem at harvesting, it was measured by using a pocket tape on five plants randomly select 

from the three middle rows and the means were record as plant height. 

Days to physiological maturity (days); this refers duration from sowing up to the time of 

attaining 90 % maturity and it was record as the number of days from sowing to the time 

when about 90 % of the plants in a plot have mature pods in their upper and lower parts 

of the plants changing color to yellow. Hence, the physiological maturity will be 

determining by the yellowness and dryness of leaves and as a whole plant. 

Numbers of branches per plant; this refers the numbers of primary branches on the main 

stem per plant was harvested at maturity. It was obtained by counting the branches from 

ten randomly sampling plants from the three middle rows and the means will be record as 

number of branches per plant. 

3.5.3. Yield and yield components 

Number of productive pods per plant; it will be determined by counting average number 

of pod of five random sample plants in each plot (total number of pods of five randomly 

select plants were  divide by five). 
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Vigor Index: ten normal seedlings were taken randomly from each replication of 

germination test. 

Vigor index-I: Vigor index-I is the percent germination x the sum average of shoot length 

and root length. 

Vigor index-Il Vigor index-Il is the percent germination x average seedling dry weight. 

Speed of germination: 100 seeds were counted at random from the working seed sample. 

Four replicates of 25 seeds were counted at random from the well-mixed pure seeds. This 

test was carried out according to ISTA (2004). For each treatment, then, 25 seeds were 

planted from each replication in sterilized sand media. The planted seeds germinated in 

seed germinator at a temperature of 25°C for 6 to eight days. After eight days, normal, 

abnormal and diseased seeds were sorted. Then, speed of germination (SPG) was 

calculated following procedures described by Maguire (1962). 

 SPG =Number of normal seeding + Number of normal seeding 

              Days of final count                  Days of first count 
 

SPG     =   No of seed germinated 

               Time taking for germination 

Moisture content test (14%):- 5g of the prepared seed placed in the oven dry at 101-105 

oc, after 16 -17 hours, out the seed from oven dry and place them in a desiccator to cool at 

room temperature and or by calculating by using the following formula. 

                      Wt. of fresh seeds - wt. of dry seeds % of moisture content   x 100 

                                          Wt. of fresh seeds 

Seeds determine whether a seed is healthy or diseased. 

3.7. Partial Budget 

To determine economically profitable treatment (s), partial budget analysis was 

performed following the procedure of the International Maize and Wheat Improvement 

Centre (CIMMYT, 1988). Since yields of experimental plots are usually higher than that 

of farmers, yields of the treatments were adjusted down to 90% to reduce the yield gabs 

between experimental plots and farmers. Gross benefits (GB) of the treatments were 
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(iii), Net benefit (NB): This is calculated by subtracting the total costs that vary from the 

gross field benefits. 

NB 
 

(iv), Marginal rate of return (MRR): Which is the marginal net benefit (i.e. the change in 

net benefits) divided by the marginal cost (i.e. the change in costs), expressed as a 

percentage. After treatments were arranged in ascending order by TVC value, treatments 

with high NB and lower TVC than the preceding treatment were selected for further 

analysis. Thus, treatments with a lower NB value and a greater TVC than the preceding 

were excluded (dominated). Selected treatments were subjected to MRR analysis, which 

was calculated by the following formula: 

Where T2 and T1 are consecutive treatments, (T) arranged in ascending order based on 

their TVC after excluding treatments with low NB and high TVC. 

MRR 
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of high competition for available resources in the soil, poor light interception and air 

circulation in the canopy as compared to the wider inter- row spacing.  

 

Table4.1. Mean comparasin  of main effect on Phonological Parmeters. 

Treatments Days to 50% 
flowering 

Days to physiological 
maturity 

planting dates   

August 10 58.a 106.9a 

August 17 58a 104.2b 

August 24 56a 101.8c 

Sig. level (P < 0.05)  Ns  ** 

Intra-row spacing(cm)   

5 cm 52.4a 96.2a 

10cm 57.9a 106.3b 

15cm 62a 110.4c 

Sig. level (P < 0.05) Ns *** 

Inter row spacing(cm)   

20 cm 55.9a 103b 

30 cm 57.9ba 104.3ba 

40 cm 58.6b 105.7a 

Sig. level (P < 0.05) ** ** 

CV (%) 6.1 4.1 

EMS 12.4 18.5 

 Sig .level = probability level (p.> 0.0001) ***highly significant<0.05)**,p>0.05) non-significant 
,the same letters indicate non-significant between treatments  CV (%) = Coefficient of variations, 
EMS = error mean square= days of flowering (50%), DM = days of physiological maturity. 
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Table4.5 Mean comparison the three way interaction on hundred seed weight and 

harvest index  

Treatments HSW(g) HI (%) 

Augest-10 5cm 20cm 29.3fhijk 17.08l 

Augest-10 5cm 30cm 29.9fghijk 21.5fghijk 

Augest-10 5cm 40cm 31.4fghijk 22.54fghijk 

Augest-10 10cm 20cm 34.83defghi 39.09a 

Augest-10 10cm 30cm 34.83defghi 25.2cdefghi 

Augest-10 10cm 40cm 35.4cdefghi 27.98abcdefg 

Augest-10 15cm 20cm 36.6abc 28.7abcde 

Augest-10 15cm 30cm 57.97 a 25.48cdefghi 

Augest-10 15cm 40cm 37.23ab 33.74abc 

Augest-17 5cm 20cm 28.6kl 19.54jjik 

Augest-17 5cm 30cm 29.67fghijk 17.83kl 

Augest-17 5cm 40cm 31.3fghijk 22.51fghijk 

Augest-17 10cm 20cm 33.87efghi 22.55fghij 

Augest-17 10cm 30cm 34.53efghi 34.25ab 

Augest-17 10cm 40cm 35.73abcdefgh 28.94abcde 

Augest-17 15cm 20cm 36.17abcde 23.5defghi 

Augest-17 15cm 30cm 35.9abcdefg 28.87abcde 

Augest-17 15cm 40cm 36.53abcd 28.8abcdefgh 

Augest-24 5cm 20cm 28.67kl 23.18efghi 

Augest-24 5cm 30cm 31.87fghijk 19.04jkl 

Augest-24 5cm 40cm 32.13fghij 22.6efghi 

Augest-24 10cm 20cm 35.5bcdefgh 21.16fhijk 

Augest-24 10cm 30cm 35cdefghi 30.32abcd 

Augest-24 10cm 40cm 35.87abcdefg 28.6abcdef 

Augest-24 15cm 20cm 35.7abcdefgh 26.34abcdefgh 

Augest-24 15cm 30cm 36.17abcde 25.56bcdefgh 

Augest-24 15cm 40cm 36.17abcde 21.32fghijk 

significant level(P<0.05) ** ** 

CV (%) 10.1 12.7 

LSD 5.727 5.289 
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Table4.6  Mean table for three way interaction (planting date, intra and inter row 

spacing on handred seed weight  and Hharvest index (%)6. 

CV (%) = coefficient of variation, LSD = list significant difference, EMS = error mean square,  
Df = degree of freedom, HSW(g) = hundred seed weight in gram, HI(%) = Harvest index(%) . 

4.4.8. Vigor index 

Vigority is the normal physical appearance of plants or seeds in optimum environmental 

condition and vigority index- is obtained from is the percent germination times (*) 

average seedling shoot and root length /100, Thus the highest vigor index indicate the 

more the vigor of the plant. The mean value of main effects The main effects of planting 

date intra and inters row spacing had significant difference while there interaction are not 

significant differences on mean vigority  index of chick pea, (P<0.01)(, (appendix table1). 

 The mean value the main effect planting date result showed that the highest mean of 

vigor index (36.7%) obtained from planting date august 10, the lowest vigor  while lower 

vigor index, ( 27.2%  and  26.7%) from august 24 and august 17 planting dates, even 

though 27.2%  and  26.7% are not statically differ, similarly the mean value of main 

effect intra row results showed that the highest mean value of vigority index (40.9% ) 

obtained from 15cm intra row spacing and the lowest mean value of vigor index (20.1% ) 

obtained from 5cm intra row spacing, and also the mean value main effect of inter row 

result showed that ,the highest vigor index(31% and 30.9%) obtained from 30 cm and 

  
Sum square Mean 

square 
Sum 
square 

Mean 
square 

Source of variation Df  HSW(g) HI (%) 
REP.*Units* stratum 6.5 3.25 118.2 59.08 
Pdate 2 108.58 54.29 91.61 45.81 
Intra 2 1050.87 525.44 1264.18 632.09 
Inter 2 125.73 62.86 87.94 43.97 
Pdate.Intra 4 274.15 68.54 81.23 20.31 
Pdate.Inter 4 180.06 45.02 41.02 10.26 
Intra.Inter 4 205.68 51.42 309.59 77.4 
Pdate.Intra.Inter 8 427.69 53.46 219.28 27.41 
Residual 52 635.34 12.22 541.8 10.42 
significant level(P<0.05) 

 
*** 

 
** 

CV (%) 
  

10.1 
 

12.7 
LSD   5.727  5.289 

EMS   2.018  1.864 


























































































