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ABSTRACT 

 

IMPACT OF POTASSIUM FERTILIZER IN GROWTH AND YIELD OF SOME PEA(Pisum 

sativum L.) VARIETIES UNDER SULAYMANIYAH–IRAQ CONDITIİONS 

MASTERS THESİS 

Bekhal OMAR 

DEPARTMENT OF FIELD CROPS 

INSTITUTE OF NATURAL AND APPLIED SCIENCES  

UNIVERSITY OF DICLE 

 

2016 
 

This study was conducted to determine the effects of four potassium applications on 

five pea varieties for growth and yield components at Qlyasan Research Station, Faculty of 

Agriculture, University of Sulaimani during the winter season of 2014-2015 and spring season 

of 2015. Experiment was arranged using a factorial, split-plot design, within a randomized 

complete block design with three replicates, over two years. Potassium (0, 40, 60 and 80 kg 

K2O.ha
-1

) were assigned to main plots and cultivars Avolla, Joneor, Sancho, Green sage, 

Mamoth) to sub-plots. The effect of potassium fertilizer was significant for all growth 

characters except number of branches per plant. Root characters respond to potassium 

fertilizer significantly except the characters root length and nodules dry weight. Seed yield 

and all its components respond significantly to potassium applications. The growth characters 

plant high, number of leaves per plant and leaf width responds significantly to varieties effect. 

The root of fresh weight, number of nodules per plant and nodules dry weight were significant 

among cultivars. Regards to the second season, the effect of potassium fertilizer was 

significant in all studied characters except number of branches per plant, number of seeds per 

pod, biological weight per plant and harvest index. Potassium level of 80 kg K2O.ha
-1 

showed 

superior value for most of studied characters.  

 

 

Keywords: Pea, Pisum sativum L., Potassium, Yield, Yield Components. 
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ÖZET 

 

SÜLEYMANİYE-IRAQ KOŞULLARINDA POTASYUM GÜBRELEMESİNİN BAZI 

BEZELYE (Pisum sativum L.)  ÇEŞİTLERİNDE BÜYÜME VE VERİM ÜZERİNE ETKİSİ. 

 

YÜKSEKLİSANS TEZİ 

 

Bekhal OMAR 

 

DİCLE ÜNİVERSİTESİ 

FEN BİLİMLERİ ENSTİTÜSÜ 

TARLA BİTKİLERİ ANABİLİM DALI 

 

2016 

 

 

Bu çalışma; Süleymaniye Üniversitesi Ziraat Fakültesi Olyasan Araştırma 

İstasyonunda 2014-2105 kış ve ilkbahar 2015 yılında ise ilkbahar yetiştirme mevsiminde,   

dört farklı potasyum uygulamasının beş bezelye çeşidinde verim ve verim unsurlarına 

etkilerinin belirlenmesi amacıyla yürütülmüştür.  

Deneme tesadüf bloklarında bölünmüş parseller deneme desenine göre 3 tekerrürlü 

olarak düzenlenmiş, potasyum uygulamaları (0, 40, 60, 80 kg/ha) ana parselleri, bezelye 

çeşitleri (Avolla, Joneor, Sancho, Green sage, Mamoth) ise alt parselleri oluşturmuştur.  

Potasyum gübrelemesinin, büyüme karakterleri üzerine bitkide dal sayısı hariç tüm 

karakterlerde önemli bulunmuştur. Bitki kök özelliklerinin potasyum uygulamasına tepkisi 

kök uzunluğu ve nodül kuru ağırlığı hariç önemli bulunmuştur. Yine tohum verimi ve verim 

unsurlarının potasyum uygulamalarına etkisi önemli bulunmuştur. Çeşitler arasında kök taze 

ağırlığı, bitki başına nodül sayısı ve ağırlığı yönünden önemli farklılıklar belirlenmiştir. 

ilkbahar ekimlerinde potasyum uygulamaları bitkide dal sayısı, baklada tohum sayısı, bitkide 

biyolojik verim ve hasat indeksi dışında tüm karakterlerde önemli bulunmuştur. 80 kg 

K2O.ha
-1 

uygulamasının birçok karakterde en yüksek değer verdiği saptanmıştır.   

 

 

 

 

 

 

Anahtar Kelimeler: Bezelye, Pisum sativum L., Potasyum, Verim, Verim Unsurları.  

 

 

 

 

 

 

 

 

 

 

 

IV 



LIST OF TABLE 

 

No Title Page 

No 

1 Table 3.1.  Some physical and chemical properties of soil at Qlyasanlocation. 15 

2 Table 3.2.  Climatic conditions  of Qlyasan location for the saeson 2014-2015. 16 

3 Table 4.1.  Variance analysis of the growth characters 19 

4 Table 4.2.  The average value of the effect of potassium fertilization on  

                  growth characters in pea 

 

20 

5 Table 4.3.  The Average of  growth characters for pea varaieties. 22 

6 Table 4.4.  The interaction effect of potassium fertilizer and varieties on  

                  growth characters   
24 

7 Table 4.5.  The variance analysis of the root characters. 25 

8 Table 4.6.  The effect of Potassium fertilization on root characters. 26 

9 Table 4.7.  The differences among pea varieties in root characters. 27 

10 Table 4.8.  The interaction effect of potassium fertilizer and varieties on root 

                  characters. 

 

29 

11 Table 4.9.   The variance analysis of yield and its components. 32 

12 Table 4.10. The effect of Potassium fertilization on yield and its components. 33 

13 Table 4.11. The differences among pea  varieties in yield and its components. 35 

14 Table 4.12. The interaction effect of potassium fertilizer and varieties on 

                    yield and its components.  

 

38 

15 Table 4.13. The variance analysis of plant forage wieght. 41 

16 Table 4.14. The effect of Potassium fertilization on Plant forage weight (g). 42 

17 Table 4.15. The means of plant forage weight for pea varieties. 43 

18 Table 4.16. The interaction effect of potassium fertilizer and varieties on 

                    plant forage weight (g).    
 

44 

19 Table 4.17.  Calculated (t) for the correlation coefficient.  45 

20 Table 4.18.  Correlation Coefficient.  46 

21 Table 4.19.  Path Coefficient Analysis. 47 

22 Table 4.20.  Correlation Coefficient. 47 

23 Table 4.21.  Path Coefficient Analysis. 48 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

V 



                                                                                                                                               BEKHAL OMER 

1 
 

           1.NTRODUCTION 

 

Pea (Pisum sativum L.) is one of the world’s oldest domesticated crops 

cultivated before 10
th

 and 9
th

 millennia BC (Zohary and Hopf 2000). Field pea 

comprises both the wild species (P. fulvum and P. eratius) and cultivated species (P. 

abyssinicum) is originated from the Mediterranean region, primarily in the Middle East 

(Ellis et al., 2011), however the exact center of its diversity is not known yet due to 

significant change in the areas of origin and loss of passport data of the early 

accessions,it is a cool season crop grown in many parts of the world, growing best at 

temperatures of 13 to 18 °C (Petr et al., 2012). To provide enough food for an 

expanding world population, a massive increase in crop production is required to meet 

the food demands of future generations, while preserving the ecological and energy 

related resources of our planet. 

Pea is major winter annual crop of temperate regions of the world and was 

originally cultivated in the Mediterranean basin (Smart, 1990). Its adaptation to 

relatively cool conditions has enabled its cultivation to spread beyond the area of initial 

domestication into Europe, Africa, and Asia. In tropical areas, it is cultivated during the 

cold months (Sardana et al., 2007). 

Pea is one of the best known grain legumes in temperate climate because of its 

universal popularity as a fresh vegetable. The cultivation of pea is very ancient. The 

origin of the pea is not certain but it would seem that it first entered cultivation in 

South-West Asia from where it was carried to the rest of the world (Langer and Hill, 

1985).  

 Agricultural production continues to be constrained by a variety of biotic (e.g., 

pathogens, insects and weeds) and a biotic (e.g., drought, salinity, cold, frost and water 

logging) factors that can significantly reduce the quantity and quality of crop production 

(Bray et al., 2000). 

Pea is one of the most important grain legumes traditionallycultivated in many 

regions of the world. The agronomicalimportance of pea is based on its high 

concentrationof protein, complex carbohydrates, dietary fiber, vitamin sand minerals for 

the human and animal diet (Nikolopoulou et al., 2007). 
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The pea is full of nutrition because its grain is rich in protein (27.8%), complex 

carbohydrates (42.65%), vitamins, minerals, dietary fibers and antioxidant compounds 

(Urbano et al., 2003). 

The crop is grown in many countries and currently ranks fourth among the 

pulses in the world with cultivated area of 6.33 million hectares (FAOSTAT, 2012). 

Peas have a very long history as a garden crop and many varieties have been 

evolved. There are early, second early and main crop varieties of pea that climb almost 

two meters high and dwarf pea that need little support. Sowing to harvesting time is 11-

12 weeks for early varieties, 12-13 weeks for second early varieties, and 13-14 weeks 

for main crop varieties. The size of the plants varies in height from 30 cm for the 

smallest dwarf varieties to 1.8 m for the taller plants. Pods range from 7.5 cm to 15 cm 

(Wood, 1979). 

Pea  is one of the annual herbaceous legume crop belongs to family Fabaceae 

(Leguminosae). Pea is a self- pollinated cool-season legume or pulse crop and diploid 

crop having 14 chromosomes (Sato et al., 2010). 

Application of recommended dose of (60 kg K2O.ha
-1

) produced highest yield of 

pea, the beneficial effects of integrated use of organic manure and inorganic fertilizers 

on the soil physic–chemical properties and crop yield have also been observed 

(Bhalarao et al., 2001). 

The exists a lot of variation in pea cultivars for different plant characteristics like 

height, maturity, yield, color and quality of fruit. Cultivars also vary in the adaptability 

to certain agro-climatic conditions. So it is possible to have a cultivar of better attributes 

through hybridization (Bakht et al., 2009). 

Chemical fertilizers play an important role on plant growth and productivity. 

Nitrogen is essential for synthesis of chlorophyll, enzymes and protein. Phosphorus is 

essential for root growth, phospho-proteins, phospholipids and ATP, ADP formation. 

Potassium plays an important role in the promotion of enzyme activity and enhancing 

the translocation of assimilates and protein synthesis (Helmy, 2013). 

The objective of the present study is to evaluate the performance of five pea 

varieties under different potassium application levels, to facilitate the selection of 
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varieties appropriate for rainfed region and to determine the optimum level of potassium 

fertilizer to be applied. 
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 2. LITERATURE REVIEW 

2.1. Potassium 

Boyer and Stout (1959), reported that potassium is essential for N and 

carbohydrate metabolism, activation of various enzymes and adjustment of stomatal 

movement and water relations. 

Evan et al (1971), confirmed that the potassium application in poorly fertile soil is 

essential to obtained high yield, since it plays an important role in many processes in 

plant cells. It has significant role in the activation of more than (60) enzymes which 

catalyze various metabolic processes. 

 Das et al (1975), confirmed that the up take and translocation nitrate from roots to 

shoots. 

Srivastava, Verma 1985, Kanaujia et al (1997) and Vorob, (2000) confirmed that the 

application of NPK to pea crop usually promotes vegetative growth and nodulation, and 

Naik 1989; Saini and Thakur, 1996; Kanaujia et al., 1997, 1998; Vorob, 2000) indicated 

to its role in  improving  green pod yield, while Cutcliffe and Munro, (1980), reported 

that the vine length tended to increase as the rate of all the three nutrients increased. 

Usherwood ( 1985), reported that Potassium is often referred as the quality element 

for crop production due to its positive interaction with other nutrients (especially with 

nitrogen) and production practices.  

Hadavizadeh (1989), revealed that the good management practices are essential 

if optimum fertilizer responses are to be realized. These practices include use of 

recommended pea varieties, good seed bed preparation, proper seeding methods, 

effective plant insect control. Soil test results, field experience and knowledge of 

specific crop requirements help to determine the nutrients needed and the rate of 

application  

Halliday (1992), indicated that due attention towards nutrient management is not 

paid in case of low input and high risk rain fed legume crops, frequently grown in low 

fertility soils. 
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Martin and Jamieson (1996) reported that water stress during the last half of the 

growing season (pollination, pod and seed formation periods) was a major factor in 

reducing seed yields in temperate dry areas. Water stress during seed filling decreased 

seed yield and quality.  

Mullins et al (1996), signified that the nutrients available to plant particularly 

nitrogen and phosphorus are important constituents of protein and phospholipids. 

Phosphorus not only enhances the root growth but also promotes early plant maturity. 

Mengel and Kirkb (1997), Mentioned that potassium promotes synthesis of photo-

synthates and transport to fruits and grains, and enhances their conversion into starch, 

protein, vitamins, oil etc. 

Sharma et al (1997) and Mishra (1999), found that pod yield increased by 60 kg 

P2O5 ha
-1

 in pea and cowpea, respectively, with no further significant increase at the 

higher P rate. Application of potassium also enhanced vegetative growth and increased 

pod yield in pea (Kanaujia et al., 1997 & 1998), in cowpea (Jamadagni and Birari, 

1994) and in French bean (Kanaujia et al., 1999) with increasing K2O rate up to 60 kg 

ha
-1

.  

Kanaujia et al (1997) also found that growth increased significantly with 

increasing levels of potassium (0, 30, 60 or 90 kg ha
-1

). Mean values for potassium 

revealed that maximum number of pods were obtained from the plants received K2O  

150 kg ha
-1

. Minimum number of pods was recorded in those plants, which received no 

potassium. They reported that effects of P, K and rhizobium on growth yield and quality 

of pea and found significant growth and nodulation increase with the increasing of P 

and K levels and confirmed that the level of 60 kg P and K ha
-1

 was the best. Climax 

gave better seed yield 2.24 tons as compared to Meteor with 2.33 tons ha
-1

seed yield. 

Treatment, irrigation up to seed filling + P 120 kg ha
-1

+ K 100 kg ha
-1

 (T3) was found at 

the top with 2.63 tons ha
-1

 seed yield, followed by (T2) with 2.33 tons ha
-1

 while control 

(T0) was found at the bottom with 2.02 tons ha
-1

, respectively. As far as seed vigor tests 

showed that irrigation up to seed filling + P 120 kg ha
-1

+ K 100 kg ha
-1

 (T3) was better 

for both cultivars.  
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Patel et al (1998), stated that peas cv. “Arbel” significantly increased in plant 

height, number of branches, leaves per plant, number of pods per plant, grains per pod 

and pod yield when applied 20 kg N ha
-1

 + 80 kg P ha
-1

 + 40 kg K ha
-1

. They reported 

that significantly increased plant height, number of branches, leaves per plant, number 

of pods per plant, grains per pod and pod yield were observed when applied 20 kg N ha
-

1
 + 80 kg P ha

-1
 + 40 kg  K ha

-1 
was applied. 

Kanaujia et al (1999)  had reported that when 0, 30, 60 or 90 kg  K2O ha
-1

 was 

applied to French bean, number of pods per plant increased with increasing K rates up 

to 60 kg ha
-1

. Regarding effect of potassium levels, it is interesting that the plants 

received 100 kg K ha
-1

 induced maximum pod length and stood atpar with the plants 

received 150 kg K ha
-1

, and they reported increase in pod length of French bean with 

increasing K up to 60 kg ha
-1

. 

Klír (2000), reported that nutrients balance is a suitable way to quick diagnosing 

of nutrients management. The nutrients balance at the side of inputs, except for the 

biological nitrogen fixation depends on the commercial and organic fertilizers, seeds 

and atmospheric deposition of nitrogen and potassium. The side of outputs is the output 

of nutrients by grain and straw yields. Balance of items depends on the used method. 

Vorob (2000), recorded positive effect of joint applications of phosphorus and 

potassium on growth and yield of peas. Phosphorus and potassium balance in condition 

without mineral fertilization was negative. 

Kakar et al (2002), comfirmed that the maximum plant height (46.30 cm), 

number of branches plant
-1

 (5.60), number of pods plant
-1

 (33.10), pod length (8.49 cm), 

seed per pod (6.00), pod yield per plant (188.43 g) and total marketable green pod yield 

per hectare ( 5.01 t ); were recorded in treatment 75-120-120 or 75-120-0, kg NPK ha
-1

, 

which displayed maximum green pod yield due to increase in pod plant
-1

 and pod 

length. It was further noted that an additional K did not increased the yield. 

Akhtar et al (2003), confirmed that the combined effect of P2O5 and K2O is 

concerned, it significantly influenced the pod length and green pod yield. Maximum 

pod length was attained when 69 or 46 kg P2O5 ha
-1

 was applied in combination with 

100 or 150 kg K2O ha
-1

. Green pod yield was maximum at 69 kg P2O5 ha
-1

  100 or 150 
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kg K2O ha
-1

. 100 kg K2O ha
-1

 resulted in maximum grains per pod, closely followed by 

150 kg K2O ha
-1

. 

Amjad et al (2004), stated that the application of K2O to the crop had significant 

positive influence on seed yield, 1000 seed weight and percentage of large sized seeds 

up to the dose of 100 kg ha
-1

. Time taken to complete 50 % germination and electrical 

conductivity of seed leachates were also affected significantly being minimum at the 

dose of 100 kg K2O ha
-1

. 

Saeed et al (2004), reported that there was a linear increase in yield response for 

all the three genotypes from 0-0-0 to 35-87.50-00 kg NPK ha
-1

, it decreased thereafter 

with the increase in fertilizer dose. The differences among the varietal means were non-

significant during first year, while they were significant during the second year of study. 

Whereas, the application of fertilizer dose of 35-87.50-00 kg NPK ha
-1

 to gram 

genotype (K-90395) proved to be the best under the present experimental conditions. 

Ezzat et al (2005), indicated that owing to its role in many biochemical 

processes such as protein synthesis and carbohydrate metabolism. However, the highest 

growth yield, yield components, protein, N and K contents of the plant and seeds of 

legumes crop were obtained by adding 360 kg/fed natural rock potassium (feldspar) and 

no significant increase with recommended treatments . 

Singh et al (2006), calculated that the number of pod per plant and fresh 

vegetable pod yield were significantly higher when the crop was additionally treated 

with S, Fe and Mo as compared to only recommended N, P, K application. This may be 

due to the effect of sulphur, Fe and Mo in improving the assimilation of photosynthesis 

per unit leaf area due to higher chlorophyll content and enzyme activity .The total fresh 

weight per plant was significant only when compared between added nutrition and no 

nutrition for pea cultivation. The fresh root weight per plant was significantly higher 

when Fe was foliar sprayed together with Sand N, P, K recommended dose. The effect 

of different nutrition and its level on nodule weight and nodule number was significant. 

Mohammad Janloo et al (2009), calculated that the application of 50 kg N ha
-1

 

fertilizer significantly increased the number of secondary branches per plant, number of 

filled pod per plant, total number of pod, seed number per plant and seed yield. 

http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=seed+yield
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=electrical+conductivity
http://www.scialert.net/asci/result.php?searchin=Keywords&cat=&ascicat=ALL&Submit=Search&keyword=electrical+conductivity
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Maximum seed yield was achieved when 50 kg N ha
-1

 fertilizer applied. Potassium 

fertilizer had no significant effect on the above mentioned traits. 

Danilovic and Soltysova (2010), recorded that the deficit of phosphorus 

represented 8.53 kg ha
-1

 year
-1

 (15.96 %) and deficit of potassium represented 9.24 kg 

ha
-1

 year
-1

 (59.08 %), despite the negative balances of phosphorus and potassium (in 

conditions without mineral fertilization). 

Ashraf et al (2011) reported that the irrigation up to seed filling + P 120 kg/ ha + 

K 100 kg/ha showed better performance for vegetative and reproductive parameters 

similarly highest seed yield 2.63 t/ha were found in this combination for both cultivars 

of pea as compared to other combinations. They stated that the different chemical 

composition tests of leaves, stems and pods were observed it was found that Climax 

cultivar was better as compared to Meteor. It is concluded that seed vigor of Climax 

cultivar with irrigation up to seed filling + P 120 kg/ha+ K 100 kg/ha gave better results 

as compared to other levels of phosphorus, potash and Irrigation. 

Shakoor Khanday et al (2012), ratified that the application of the recommended 

dose of NPK through fertilization gave significantly higher pod yield than all other 

interactions.  

Helmy (2013), calculated that the application of K2O to the crop up to the dose 

of 100 kg/ha had significant positive effect on all the parameters studied, beyond this 

dose further application of K2O was ineffective. As combined effect of P2O5 and K2O is 

concerned, it significantly influenced the pod length and green pod yield. Maximum 

pod length was attained when 69 or 46 kg P2O5 ha
-1

 was applied in combination with 

100 or 150 kg K20 ha
-1

. Green pod yield was maximum at 69 kg P2O5 ha
-1

 x 100 or 150 

kg K2O ha
-1

.  

Wang et al ( 2013),  indicated to the emerging role of K in defending against a 

number of biotic and abiotic stresses including diseases, pests, drought, salinity, cold 

and frost and water logging. The availability of K and its effects on plant growth, 

anatomy, morphology and plant metabolism are discussed. The physiological and 

molecular mechanisms of K function in plant stress resistance are reviewed. This article 

also evaluates the potential for improving plant stress resistance by modifying K 
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fertilizer inputs and highlights the future needs for research about the role of K in 

agriculture. 

Negash and Mulualem (2014), revealed that the grain yield of field pea was 

significantly affected by ploughing frequency and weeding frequency. The highest seed 

yield was attained by ploughing twice, weeding once and applying 100 kg ha
-1

 of DAP 

fertilizer. Field pea and other grain legumes, like lentil and chick pea, are commonly 

cultivated in rotation with cereal grains. The crop is also known to enhance soil fertility 

by forming a symbiotic relationship with Nitrogen fixing micro organisms in the soil. 

Mishra (2014), reported that the pea plant can readily absorb and utilize the 

nutrients and express the highest value in all characters and finally the pod yield under 

combined application of organics and in organics. 
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2.2. Varieties 

 

Zain et al (1983), Cawood (1987), reported that the  semi-leafless pea genotypes 

with reduced plant height had better light interception and canopy aeration than normal 

leaf types . 

Berry (1985), Snoad (1985), Armstrong (1989),  showed increased dry matter 

partitioning to fruits, improved water use efficiency and decreased susceptibility to 

fungal diseases  

Heath and Hebblethwaite (1985b), reported that the improved standing ability of 

semi-leafless pea was the main reasing to emphasize its popularity . 

Cote et al  (1992), reported that the ability of semi-leafless cultivars to withstand 

lodging and disease and the fact that their morphology allows better aeration within the 

canopy, have all contributed to their commercial importance.  

Martin et al (1994), confirmed that the first commercial cultivars of semi-

leafless pea were released in the early 1980s.  

Wang et al (1998) Grosjean et al (2000); Morrison et al ( 2007); Nalle et al 

(2011) reported that field pea trypsin inhibitors could be different among genotypes and 

field pea genotypes with low trypsin inhibitors would be more suitable for use as animal 

feed . 

Zohary and Hopf, (2000) reported that field pea (Pisum sativum L.) is one of the 

world’s oldest domesticated crops cultivated before 10
th

 and 9
th

 millennia BC, there are 

two main leaf types in field pea. One has normal leaves; the second type is the semi-

leafless type that has modified leaflets reduced to tendrils with vine lengths of two to 

four feet.  

Cruz-Suarez et al (2001), Thiessen et al (2003); Allan and Booth  (2004); 

Adamidou et al (2009), reported that field peas has been used in production of 

concentrated feed for aquaculture, (Brand et al., 2000; Stein et al., 2004; Petersen and 

Spenser, 2006)  pigs, Wiryawan and Dingle, 1999; Nalle et al., 2011) poultry and 

Bednar et al; 2001, De-Oliveira et al., 2008; Carciofi et al., 2008) pets like dogs and 

cats.  
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Vargas et al (2001), reported that the genotype × environment interaction, 

defined in this case as the different phenotypic response of genotypes to environmental 

changes . 

Kakar et al (2002), reported that the characteristics of a cultivar as well as 

combination of traits differ according to climatic conditions of the localities.  

May et al (2003), indicated that in semi-leafless cultivars, the leaflets are 

replaced with tendrils, the end result being less leaf area but better resistance to lodging. 

Singh et al (2006), calculated that the pod length and number of grain per pod 

were significantly higher in Azad P-1 and Azad P-3 over Arkel. Average pod weight 

was higher in Azad P-1 followed by Azad P-3 and Arkel. The grain yield was 

significantly higher in Azad P-1 (13.48 q ha
-1

) followed by Azad P-3 (11.87 q ha
-1

) and 

Arkel (9.77 q ha
-1

). The fresh pod yield was significantly higher in Azad P-1 (96.2 q ha
-

1
) at par to Azad P-3 followed by Arkel. The total fresh weight per plant was non-

significant, but fresh root weight plant
-1

 was significantly lower in Arkel and at par to 

Azad P-1, Azad P-3. The genotypic effect on nodule number per plant was not 

significant but nodule weight per plant was significantly higher in Azad P-1 (6017 mg) 

over Arkel (394.6 mg) and Azad P-3 (323.2 mg) that essentially indicated the higher N-

fixation capacity of Azad P-1 variety over Arkel and Azad P-3.  

Bozoglu et al (2007), noticed that all the observed characteristics showed 

statistical difference among cultivars. Dry seed yields varied between 1328 and 2724 kg 

K2O ha
-1

. Highest dry seed yield was obtained from Bolero. Bolero, Agromar AG 7306, 

Feltham First, Jumbo, Sprinter, Sugar Bon and Vilmoren which are recommended for 

sowing in autumn, particularly for their high seed yield which can be greater than 2000 

K2O ha
-1

. Agromar AG 7306, Vilmoren and Jumbo didn’t respond to change of sowing 

time. 

Reza et al (2007), found that the different phenotypic response of genotypes to 

environmental change cannot be explained by the genotype and the environment main 

effect, unless it is considered along with G × E interaction effects . 
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Kibe and Kamithi, (2007); Shirtliffe and Johnston, (2002); Dahmardeh et al 

(2010), reported that the cultivars had significant effect on full pod number, total pod 

number, seed number, and seed yield. Plant height, first pod height, total pod number 

and seed yield were affected by plant densities. The SPRING Cultivar with plant 

density of 40 plant m-2 may be suggested for winterly pea grown in the Mediterranean-

type conditions. Earlier studies show that seeding rate and cultivar are important factors 

affecting yield and quality of grain legumes.  

Bilgili et al (2010), found that the forage yield of the pea genotypes averaged 

26605 kg ha
-1

 and the highest yield were obtained from the leafed genotype Urunlu. Its 

forage yield reached to 35970 kg ha
-1

 yield level at Samsun location. 

Ellis et al (2011), reported that field pea comprises both the wild species (P. 

fulvum and P. eratius) and cultivated species (P. abyssinicum) is originnated from the 

Mediterranean region, primarily in the Middle East.  

Turk et al (2011), reported that Two semi-leafless cultivars (Ulubatli and 

Kirazli) and two leafed cultivars (Golyazi and Urunlu) were investigated. Plant height, 

plants number per m
2
, seeds number per pod, lodging scores, 1000 seed weight, forage 

yield, DM yield, seed yield, forage CP yield and seed CP yield were determined. 

According to two years averages, Golyazi had the highest 1000 seed weight, forage 

yield, DM yield, seed yield, forage CP yield and seed CP yield. Semi-leafless pea 

cultivars (Ulubatli and Kirazli) had significantly better standing ability than normal leaf 

cultivars (Urunlu and Golyazi). Increasing seed rates resulted in an increase in plants 

per m
2
, lodging scores, forage yield, DM yield and forage CP yield; however, increasing 

seed rates caused decrease in seeds pod-1and seed CP yield in two years averages.  

Petr et al (2012), indicated that the exact center of its diversity is not known yet 

due to significant change in the areas of origin and loss of passport data of the early 

accessions.  

Rodrigues et al (2012), concluded that all 10-field pea genotypes are an excellent 

feedstuff for ruminants and non-ruminants animal and it could be supplied as plain or 

included in concentrate feed because it is an excellent protein and energy supplement. It 

combines in the same grain high levels of crude protein and starch. Due to the low fat 

content is a very interesting pulse for pets’ light diets. They reported that the nutritional 
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composition of field peas is well documented; however antinutritional factors are 

depending on field pea genotype. It could be useful for accurate feed formulation 

because interaction of cultivars, soil, climate and agronomic factors can cause 

appreciable differences in nutrients profiles between locally grown gradients and those 

available around the world. 

Shahid et al (2012), signified a significant correlation was found between the 

root/shoot dry weight and leaf K+/Na+ and Ca+2/Na+ ratios. Based on the percent 

increase or decrease over control for the measured attributes, the tested pea genotypes 

were categorized into less salt tolerant, intermediate and high salt tolerant groups at 

seedling stage. 

Habtamu and Million (2013), found out that genotypes differed significantly in 

respect to phonological, yield and some yield related traits were highly influenced by 

the environment. Large magnitude of variability among the genotypes contributed to 

pod length and reaction to Ascochyta blight. 

Khan et al ( 2013), calculated that the maximum pod yield was noted in 2001-55 

(10.43 t ha
-1

) followed by FS-21-87 (9.52 t ha
-1

). Genotype 2001-55 also excelled in 

number of seeds per pod (8.56) and pod length (9.33 cm). Maximum plant height was 

observed in Shareen (125.7 cm) against minimum plant height (65.57 cm) in genotype 

2001-55. Maximum 100- seed fresh weight (49.50 g) was noted in FS-21-87 followed 

by 2001-55 (46.00 g) and check Climax (40.0 g) against minimum in genotype DMR-4 

(20.20 g). On the basis of overall performances, genotypes 2001-55 and FS-21-87 are 

recommended for further evaluation.  

  Poltronieri et al ( 2013), reported that legumes play an increasing role in mixed 

cropping systems, crop rotations and as target crops for food, livestock feeding and in 

human diets. Among grain legumes, the most important protein-rich crops are peas. The 

availability of early varieties favors the production of grain pea in shorter periods, after 

the end of rainy seasons and before the long periods of pre summer drought . 
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3. MATERIALS AND METHODES 

3.1. Materials: 

Five pea varieties, namely Avolla, Joneor, Sancho, Green sage, Mamoth, were 

were evaluated at Qlyasan Agricultural Research Station, Faculty of Agricultural 

Science, University of Sulaymani located (latitude 350  34'  307", N, longitude 450  

21'  992" Ealtitude 765 m
2
 KM North west of Sulaymaniyah city), during two seasons 

winter season of (2014-2015) spring season (2015). 

3.2. Methods 

The experiment conducted Randomized Block design (CRBD) in split plot 

design and replicated three times. The potassium fertilizer levels (0, 40, 60, 80 kg 

K2O ha
-1

) were implemented in main plots. The pea varieties allotted in sub plots, 

sowing was conducted during (November 26, 2014) and spring season (January 25, 

2015) each sub plots consist of 5 rows. The recommended dose of fertilizer was used 

40 kg N/ha and 40 kg P2O5 ha
-1

. All required agricultural practices were used as 

needed. The experiment  were  harvested for seed yield at maturity on (May 17, 

2015). 

3.3. Soil properties: 

The representative soil sample were taken from the field before tillage at 0-30 

cm depth, were air dried then sieved using 2 mm sieves and packed to analysis. Some 

physical and chemical properties were analyzed at Soil and Water Sciences 

Department, Faculty of Agricultural Sciences, University of Sulaimani, as shown in 

Table 3.1.  

a- Particle size distribution (PSD) was determined according to the 

international pipette method.  

b- Soil reaction pH was determined by using a (LCE portable) pH-meter. 

c- Cation exchange capacity (CEC) was determined by using an ion exchange 

process method 

d- Electrical conductivity was measured by using EC-meter (model PW9525, 

Philips Company). 
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e- Organic matter determined by using Walkley and Black method  

f- Available P was determined by Olsen's method  

g- Total N was determined by Micro Kjeldeal method  

h- Calcium carbonate (CaCO3) was determined by the titrimetric method 

i- Ca
+2

& Mg
+2

 were determined by EDTA titrymetry (Jakson, 1958).  

j- K
+
 and Na

+
 were determined by using (Corning 400 flame photometer). 

k- CO3
=
 and HCO3

=
 were determined by titration method using (0.01N HCL) 

l- Cl
-
 was determined by titration with (0.01N AgNO3), SO4

=
 was determined 

by titrimetric method using (0.01N EDTA). 

 

Table 3.1. Some physical and chemical properties of soil at Qlyasan location. 

Soil Properties Sampling in Qlyasan location before 

cultivation 

P.S.D. Silty clay 

Sand (%) 5.92 

Silt(%) 43.28 

Clay (%) 50.8 

E.C.(ds.m
-1

) 0.46 

pH 7.17 

O.M. (%) 1.8 

Total N (mg/g) 0.66 

Available phosphate (mg.kg
-1

) soil 5.2 

CaCO3 (%) 26.5 

S
o
lu

b
le

 C
a 

io
n
s 

&
 

A
n
 i

o
n
s 

m
m

o
le

 -
1
 

   

Ca++ 2.1 

Mg++ 0.9 

K+ 0.17 

Na+ 0.63 

CO3
-2

 0.00 

HCO3
-2

 2.77 

Cl 0.13 

SO4
-2

 0.79 
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Table 3.2. Climatic conditions of Qlyasan location for the season 2014-2015. 

 

3.4 Studied Characters 

The following characters were studied in our investigation. 

3.4.1 Root Characters 

1. Root length plant
-1

 (cm): Measured from crown level to the top of the main root. 

2. Root fresh weight plant
-1

 (g): The mean of root fresh weight plant
-1

 for the five 

plant samples was recorded in each plot. 

3. Root dry weight plant
-1

 (g): The mean of root dry weight perplant for the five 

plant sampleswas recorded for each plot. 

4. No. of nodules plant
-1

: The mean of number of nodulesperplantfor the five plant 

sampleswas recorded for each plot. 

5. Nodules fresh weight plant
-1

 (g): The mean of nodules fresh weight of the five 

plant samples was recorded in each plot. 

6. Nodules dry weight plant
-1

 (g): The mean of nodules dry weight perplant of the 

five plant samples was recorded in each plot. 

 

3.4.2 Growth Characters 

1. Plant height (cm): Mesured from the soil surface to the top of the plant. 

2. No. of branches plant
-1

: The mean number of branches perplant of the five plants 

was recorded in each plot. 

Date Qlyasan Location 

Min 

Temp 

(C
o
) 

Max 

Temp 

(C
o
) 

Monthly 

Avg. 

Temp 

(C
o
) 

Precipitation 

(mm) 

Oct. 9.1 34.4 20.4 43.2 

Nov. 2.9 22.2 12.0 151.6 

Dec. 2.2 17.9 9.2 128.6 

Jan. -3.2 16.6 6.8 100 

Feb. 0.2 19.8 8.8 65 

Mar. 3.2 22.0 12.0 94.8 

Apr. 5.0 32.2 16.7 29.4 

May. 11.2 36.9 24.6 19.8 
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3. No. of leaf plant
-1

: The mean number of leaf perplant of the five plants was 

recorded in each plot. 

4. Leaf fresh weight plant
-1

 (g): The mean of leaf fresh weight perplant of five the 

plant samples was recorded in each plot. 

5. Leaf dry weight plant
-1

 (g): The mean of leaf dry weight per plant of the five 

plant samples was recorded in each plot. 

6. Stem fresh weight plant
-1

 (g): The mean of stem fresh weight per the plant of 

five plant samples was recorded in each plot. 

7. Stem dry weight plant
-1

 (g): The mean of stem dry weight per plant of the five 

plant samples was recorded in each plot. 

 

3.4.3 Forage Yield Characters 

1. Plant fresh weight (ha
-1

): The mean of plant fresh weight of the five plant 

samples was recorded in each plot (g plant
-1

) and converted to (t ha
-1

). 

2. Plant dry weight ( ha
-1

): The mean of plant dry weight of the five plant samples 

was recorded in each plot (g plant
-1

) and converted to (t ha
-1

). 

 

3.3.4 Yields and its Components 

1. No. of pods plant
-1

: The mean of number of pods per plan of the five plant 

samples was recorded in each plot. 

2. Weight of pods plant
-1

 (g): The mean of weight of pods per plan of the five plant 

samples was recorded in each plot. 

3. Pod length plant
-1

 (cm): The mean of pods length per plan of the five plant 

samples was recorded in each plot. 

4. No. of seeds pod
-1

: The mean of number of seeds per pod of the five plant 

samples was recorded in each plot. 

5. Weight of seeds pod
-1

 (g): The mean of weight of seeds per podof the five plant 

samples was recorded in each plot. 

6. Weight of seeds plant
-1

 (g): The mean of weight of seeds per plan of the five 

plant samples was recorded in each plot. 

7. 100-seed weight (g): The mean of 100 seeds weight was recorded in each plot. 
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8. Biological weight plant
-1

 (g): The mean of fresh weight of the five plant samples 

without the roots was recorded in each plot. 

9. Harvest Index: Measured by separating the seeds from straw yield and weighed 

to calculate the  H. I. according to the following equation: 

 

 

 

10. Seed yield (kg ha
-1

): The mean of seeds weight of the five plant samples was 

recorded in each plot (g plant
-1

) and converted to (Kg ha
-1

). 

 

 

100.%. 
yieldorganeconomicalTotalbiomassvegetativeTotal

yieldorganeconomicalTotal
IH



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4. RESULTS and DISCUSSIONS 

 

 

The results of variance analysis for the effect of potassium fertilizer on pea 

cultivars  for growth characters given Table 4.1.  

 

Table 4.1. Variance analysis of the growth characters.  
 

Autumn season 

S. O. V. d.f 

M.S 

Plant height 

(cm) 

No. of braches / 

Plant 

No. of leaves / 

Plant 

Leaf length 

(cm) 

Leaf width 

(cm) 

Blocks 2 8.213 0.867 0.317 0.473 0.115 

Potassium Fertilizer 3 1384.677 2.639 34.283 15.110 4.237 

Error (a) 6 10.913 0.089 4.050 0.224 0.106 

Varieties 4 87.149 1.975 17.775 0.508 0.870 

Potassium Fertilizer x 
Varieties 

12 87.832 0.931 4.853 0.748 0.123 

Error (b) 32 4.897 0.992 2.408 0.516 0.094 

 

Spring season 
S. O. V. d.f  M.S    

  
Plant height 

(cm) 

No. of braches / 

Plant 

No. of leaves / 

Plant 

Leaf length 

(cm) 

Leaf width 

(cm) 

Blocks 2 0.867 0.067 0.350 0.217 0.104 

Potassium Fertilizer 3 1268.417 1.622 37.089 12.594 3.327 

Error (a) 6 10.200 0.156 2.839 0.528 0.186 

Varieties 4 49.608 0.225 17.400 0.192 0.603 

Potassium Fertilizer x 

Varieties 
12 75.931 0.303 7.589 0.803 0.074 

Error (b) 32 4.200 0.383 1.654 0.450 0.084 
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The results of variance analysis for the effect of potassium fertilizer on pea 

cultivars  for growth characters given Table 4.2.  

 

 

Table 4.2. The average value of the effect of potassium fertilization on growth characters 

                    in pea. 

 

Autumn season 

K- Fertilizer (K2O  / 
ha )  

Plant height 
(cm) 

No. of braches / 
Plant 

No. of leaves / 
Plant 

Leaf length (cm) Leaf width (cm) 

0 Kg K2O / ha  40.18 d 2.06 15.2 b 8.72 b 1.56 c 

40 Kg K2O / ha  44.13 c 2.40 17.4 a 8.72 b 2.26 b 

60 Kg K2O / ha  55.69 b 3.06 18.8 a 8.60 b 2.50 b 

80 Kg K2O / ha 60.67 a 2.40 17.7 a 10.68 a 2.84 a 

LSD ( p ≤ 0.05 ) 2.95 N.S 1.79 a 0.42 0.29 

      

 

Spring season 

K- Fertilizer (K2O  / 

ha )  

Plant height 

(cm) 

No. of braches / 

Plant 

No. of leaves / 

Plant 
Leaf length (cm) Leaf width (cm) 

0 Kg K2O / ha  37.1 d 1.8 11.2 c 7.5 c 1.5 c 

40 Kg K2O / ha  41.7 c 2.0 12.9 b 8.0 bc 2.0 b 

60 Kg K2O / ha  52.9 b 2.6 14.8 a 8.3 b 2.3 ab 

80 Kg K2O / ha 56.6 a 2.4 14.1 ab 9.6 a 2.6 a 

LSD ( p ≤ 0.05 ) 2.854 N.S 1.505 0.649 0.385 

 

       The effect of potassium fertilizer on plant height is highly  significant, the 

application of 80 kg K2O ha
-1

 predominated the rest by (48.48, 37.47, and 8.94% in 

compare to 0, 40 and 60 kg K2O ha
-1

 respectively. Which recorded maximum value 

60.67 cm, and followed by the application of 60 kg K2O ha
-1

,  which recorded  55.69 cm 

and exceeded  0 and 40 kg  K2O ha
-1

 by 38.58 and 26.193 % . The application of 40 kg 

K2O ha
-1

 recorded 44.13 cm and predominated the treatment of control by 9.81%, the 

lowest value due to plant height recorded by the control with 40.18 cm. 

Number of branches per plant, respond non significantly to potassium fertilizer 

effect. The values of this character were restricted between 2.067 and 3.067 branches 

for both levels of 0 and 60 kg K2O ha
-1

 respectively (table 4.1. at atumn season). 

Number of leaves per plant. It was noticed that character no of leaves per plant 

respond high significantly to potassium applications. Maximum number of leaves 

recorded by the application of 60 kg K2O ha
-1

 , which was 18.80 leaves, in which 

exceeded the treatment of control by 23.68 %, the minimum number of leaves recorded 

by control which was 15.20 leaves. No significant differences were recorded between 

the applications of 40, 60 and 80 kg K2O ha
-1

 for this character. 
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Highly significant response of the character leaf length to potassium fertilizer 

applications was noticed. Maximum leaf length value  recorded by the  level of 80 kg 

K2O ha
-1

 with 10.68 cm, and exceeded the levels of 0, 40 and 60 kg K2O ha
-1

 by 22.55, 

22.55 and 24.16% respectively, while there were not significant differences among the 

levels of 0, 40 and 60 kg K2O ha
-1

. The lowest value due to leaf length 8.60 cm was 

produced by the application of 60 kg K2O ha
-1

. 

Highly significant differences were noticed among potassium application levels 

due to the character leaf width. The application of 80 kg K2O ha
-1

 produced maximum 

leaf width 2.84 cm , which predominated the applications of 0, 40 and 60 kg  K2O ha
-1

 

by 79.19, 25.36 and 13.36 % respectively, while there were no significant differences 

between  40 and 60 kg  K2O ha
-1

  in leaf width .The lowest  value for this character was  

exhibited  by  the treatment of control with 1.58 cm.  

Regarding to spring season, the effect of potassium fertilizer in growth 

characters was highly significant for all characters except number of branches/plant, 

which was not significant. The application of 60 kg K2O ha
-1

 produced maximum 

values for the characters number of  branches per plant and number of leaves per plant 

with 2.60 and 14.86 %, respectively .The maximum values due to the characters plant 

height, leaf length and leaf width were 56.66, 9.66 cm and 2.60 cm exhibited by the 

application of 80 kg K2O ha
-1

  respectively. The lowest values for the characters plant 

height number of branches per plant, number of  leaves per plant, leaf length and leaf 

width were produced by the treatment of control as 37.13, 1.86, 11.26, 7.53 and 1.50 cm 

respectively. 

Previous workers indicated that the application of potassium enhanced 

vegetative growth and nodulation were increased significantly with increasing levels of 

potassium, Kanaujia et al 1997 1998 vorob 2000. 

The results of The Average of  growth characters for pea varaieties given Table 

4.3.  

The average of the growth characters for pea varieties confirm the presence of 

highly significant differences amonge varieties for the character plant height. The 

variety Avolla recorded maximum plant height value with 53.57 cm , and exceeded the 

varieties of Joneor, Green sage, and Mamoth by 11.05, 11.32 and 10.93%, respectively, 

while no significant difference were noticed between Avolla and Sancho varieties and 

also among  the varieties of Joneor, Green sage, and Mamoth. The minimum value for 

this character was exhibited by the variety of Green sage with 48.12 cm. Significant 

differences were recorded among varieties for plant height previously  by  Hussain and 

Badshah (2002), Hussain et al (2005) and Khan et al (2013), the average of growth 

character for pea varieties. Abdolla (2015) reported no significant differences among 

varieties due to the character number of branches per plant. 
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Table 4.3. The Average of  growth characters for pea varaieties. 
 

Autumn season 

Varieties Plant height (cm) No. of braches / Plant No. of leaves / Plant Leaf length (cm) Leaf width (cm) 

Avolla 53.57 a 2.91 19.33 a 9.44 2.37 b 

Joneor 48.24 b 1.83 16.08 b 9.05 1.97 c 

Sancho 52.62 a 2.58 16.91 b 9.30 2.31 b 

Green Sage 48.12 b 2.66 16.91 b 8.91 2.69 a 

Mamoth 48.29 b 2.41 17.16 b 9.19 2.14 bc 

LSD ( p ≤ 0.05 ) 2.47 N.S 1.29 N.S 0.25 

 

Spring season 

Varieties Plant height (cm) No. of braches / Plant No. of leaves / Plant Leaf length (cm) Leaf width (cm) 

Avolla 49.00 a 2.41 15.33 a 8.41 2.13 b 

Joneor 46.25 b 2.08 12.25 c 8.25 1.83 c 

Sancho 49.58 a 2.16 13.08 c 8.50 2.11 bc 

Green Sage 45.58 b 2.16 12.58 c 8.25 2.44 a 

Mamoth 45.16 b 2.33 13.25 b 8.50 1.99 bc 

LSD ( p ≤ 0.05 ) 1.70 N.S 1.070 N.S 0.24 

 

            No significant differences were observed among varieties respect to the 

character number of branches per plant. The values were restricted between 1.83 and 

2.91 cm for the varieties of Joneor and Avolla, respectively. 

Highly significant differences among varieties for the character number of 

leaves per plant was recorded. 

Avolla variety exhibited maximum number of leaves 19.33 and exceeded the 

varieties of Joneor, Sancho, Green sage and Mamoth by 20.20, 14.28, 14.28 and 

12.61%, respectively, while there were no significant differences among them. The 

lowest number of leaves 16.08  was produced by the varietyof Joneor (Table 4.3). 

The effect of varieties in leaf length, was found to be no significant. The leaf 

length values for all varieties ranged between  8.91 and 9.44 cm for the varieties of 

Joneor and Avolla, respectively. 

Highly significant differences were noticed among varieties due to the character 

leaf width. The variety of  Green sage showed maximum leaf width value with 2.69 cm 

which predominated the varieties of Avolla, Joneor, Sancho and Mamoth by 13.38, 

36.21, 16.17 and 25.84% respectively (Table 4.3). No significant differences were 

noticed between the  Avolla and Sancho varieties and also between Joneor and Mamoth 

varieties. The minimum leaf  width value was showed by the variety of Joneor with 1.97 

cm. 
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At spring season the difference among varieties for growth characters were 

highly significant due to the characters plant height, number of  leaves per plant and leaf  

width. Avolla produced the highest value for number of  leaves per plant with 15.33 

Sancho gave maximum values for plant height with 49.58 cm. Green sage exhibited the 

highest value for leaf width with 2.44 cm (Table 4.3). At spring season the difference 

among varieties for growth characters were highly significant due to the characters plant 

height ,number of  leaves per plant and leaf  width. Avolla produced the highest value 

for numberof leaves per plant with 15.33 Sancho gave maximum values for plant height 

with 49.58 cm. Green sage exhibited the highest value for leaf width with 2.44 cm. 

Mamoth gave the lowest value for plant heightwith 45.18 cm, while the lowest 

value for the characters number of  leaves/plant and leaf width were produced by Joneor 

variety 12.25 and 1.83 respectively.   

The interaction effect between potassium fertilizer and pea varieties on growth 

characters at autumn season represent in table 4.4. 

The results of the interaction effect between potassium fertilizer levels and 

varieties on plant high, was found to be highly significant. Maximum plant height value  

65.46 cm  was found by the association  of Avolla variety under the application of 80 kg  

K2O ha
-1

 and followed by  64.80 cm produced by the interaction of Green sage under 

the same potassium application. The lowest plant high value  30.76 cm  was exhibited 

by the association of  Green sage under (0) application of potassium. 

The interaction effects between potassium levels and varieties on number of 

branches  per  plant, indicated to non significant response. The values were restricted 

between 1.33 and 4.00  branches for the interaction  of Joneor associated with 40 kg 

K2O ha
-1

 and green sage coupled with 60 kg K2O ha
-1

, respectively. 

The interaction effect between potassium levels and pea varieties due to number 

of leaves per plant, was highly significant of this character to this effect was noticed. 

The maximum number of leaves was 21.66 leaves exhibited by the interaction of Avolla 

under the application of 60 kg  K2O ha
-1

 , while the lowest number of leaves was 13.00 

leaves produced by the association of Joneor variety with 0 kg  K2O ha
-1

 (Table 4.4). 

The interaction effect between potassium fertilizer and pea varieties was not 

significant due to the character  leaf length. The values of this character ranged between 

8.16 and 11.30 cm for the interaction of  Mamoth variety with  40 kg  K2O ha
-1

 and the 

same variety under 80 kg  K2O ha
-1

. 

 

 

 

 

 



4. RESULTS and DISCUSSIONS 

24 
 

Table 4.4. The interaction effect of potassium fertilizer and varieties on growth 

                   characters.   
 Autumn season 

K- Fertilizer (K2O  
/ ha )  

Varieties 
Plant height 

(cm) 
No. of braches / 

Plant 
No. of leaves / 

Plant 
Leaf length 

(cm) 
Leaf width 

(cm) 

0 Kg K2O / ha  

Avolla 47.33 gh 2.33 16.33 d-g 9.23 1.53 

Joneor 41.90 ij 1.66 13.00 h 8.43 1.27 

Sancho 40.60 j 2.33 15.33 f-h 8.53 1.93 

Green Sage 30.76 l 2.00 14.66 g-h 8.63 2.10 

Mamoth 40.33 j 2.00 16.66 d-g 8.76 1.09 

40 Kg K2O / ha  

Avolla 48.60 gh 3.33 18.66 b-c 9.36 2.36 

Joneor 45.53 hi 1.33 17.67 c-f 9.26 1.92 

Sancho 50.43 fg 2.66 17.66 c-f 8.50 2.39 

Green Sage 34.93 k 2.00 17.33 c-f 8.30 2.62 

Mamoth 41.16 j 2.66 15.66 e-f 8.16 2.03 

60 Kg K2O / ha  

Avolla 52.90 ef 2.66 21.66 a 9.10 2.56 

Joneor 50.36 fg 2.33 17.33 c-f 8.33 2.13 

Sancho 58.16 cd 3.66 19.33 a-c 9.00 2.41 

Green Sage 62.00 ab 4.00 17.33 c-f 8.06 2.85 

Mamoth 55.03 de 2.66 18.33 b-d 8.53 2.56 

80 Kg K2O / ha 

Avolla 65.46 a 3.33 20.66 ab 10.07 3.03 

Joneor 55.16 de 2.00 16.33 d-g 10.20 2.57 

Sancho 61.30 bc 1.66 15.33 f-h 11.20 2.53 

Green Sage 64.80 ab 2.66 18.33 b-d 10.66 3.20 

Mamoth 56.63 d 2.33 18.00 c-e 11.30 2.86 

LSD ( p ≤ 0.05 )  3.68 N.S 2.58 N.S N.S 

Spring season  
K- Fertilizer (K2O  

/ ha )  
Varieties 

Plant height 
(cm) 

No. of braches / 
Plant 

No. of leaves / 
Plant 

Leaf length 
(cm) 

Leaf width 
(cm) 

0 Kg K2O / ha  

Avolla 40.33 g 2.00 11.00 fg 7.66 1.56 

Joneor 39.00 g 1.66 9.66 g 7.66 1.30 

Sancho 39.00 g 2.00 12.66 c-e 7.00 1.73 

Green Sage 28.00 i 2.00 11.33 fg 7.33 1.66 

Mamoth 39.33 g 1.66 11.66 e-g 8.00 1.23 

40 Kg K2O / ha  

Avolla 46.33 f 2.66 14.33 b-d 8.00 2.06 

Joneor 44.66 f 2.00 12.33 d-f 8.33 1.66 

Sancho 46.33 f 1.66 13.66 b-e 8.33 2.13 

Green Sage 34.00 h 1.66 12.00 ef 7.33 2.43 

Mamoth 37.33 gh 2.33 12.33 d-f 8.00 1.73 

60 Kg K2O / ha  

Avolla 50.66 de 2.33 18.00 a 8.66 2.23 

Joneor 48.00 ef 2.33 15.33 b 7.66 2.03 

Sancho 56.33 bc 3.00 14.33 b-d 9.00 2.23 

Green Sage 58.00 b 2.66 12.33 d-f 8.66 2.66 

Mamoth 51.66 d 2.66 14.33 b-d 7.66 2.33 

80 Kg K2O / ha 

Avolla 58.66 b 2.66 18.00 a 9.33 2.66 

Joneor 53.33 cd 2.33 11.66 e-g 9.33 2.33 

Sancho 56.66 b 2.00 11.66 e-g 9.66 2.36 

Green Sage 62.33 a 2.33 14.67 bc 9.66 3.00 

Mamoth 52.33 d 2.66 14.66 bc 10.33 2.66 

LSD ( p ≤ 0.05 ) 3.408 N.S 2.13 N.S N.S N.S 
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The interaction between potassium fertilizer and pea varieties in leaf width was 

not significant. The values were restricted between 1.09 and 3.20 cm for both 

interactions Mamoth variety with 0 kg K2O ha
-1

  and Green sage variety coupled with 

80 kg K2O ha
-1

. 

Concerning to spring season the interaction effect between potassium fertilizer 

and varieties were highly significant for only plant height and number of  leaves per 

plant. 

Maximum value to plant  height 62.33 cm was produced under the interaction of  

80 kg K2O ha
-1

 (Table 4.4) coupled with green sage variety, while the lowest value 

28.00 cm was produced by the interaction of   0 kg K2O ha
-1

 with green safe variety. 

Regarding to the character number of  leaves/plant, maximum value 18.00 leaves 

was produced by the interaction  60 and 80 kg K2O ha
-1

 with Avolla variety, while the 

lowest value 9.66 leaves was exhibited by the interaction of  0 kg K2O ha
-1

   with Joneor 

variety. 

 

Table 4.5. The variance analysis of the root characters. 
Autumn season 

S. O. V. d.f 

M.S 

Root 

length 

(cm) 

Root fresh 
weight (g) 

Root dry 
weight (g) 

No. of 

nodules /  

plant 

Nodules fresh 
weight (g) 

Nodules dry 
weight (g) 

Blocks 2 3.468 0.047 0.028 3.517 0.000 0.005 

Potassium 
Fertilizer 

3 14.533 0.518 0.449 130.194 0.045 0.012 

Error (a) 6 5.598 0.034 0.004 1.761 0.000 0.005 

Varieties 4 1.376 0.081 0.011 33.192 0.000 0.005 

Potassium 

Fertilizer x 

Varieties 

12 7.121 0.044 0.029 11.292 0.001 0.005 

Error (b) 32 5.917 0.024 0.010 3.679 0.000 0.005 

Spring season 

S. O. V. d.f 

Root 

length 

(cm) 

Root fresh 
weight (g) 

Root dry 
weight (g) 

No. of 

nodules /  

plant 

Nodules fresh 
weight (g) 

Nodules dry 
weight (g) 

Blocks 2 0.621 0.073 0.001 2.450 0.000 0.000 

Potassium 

Fertilizer 
3 63.538 0.828 0.465 166.994 0.035 0.003 

Error (a) 6 1.012 0.034 0.003 2.494 0.001 0.000 

Varieties 4 2.197 0.225 0.003 20.642 0.000 0.000 

Potassium 

Fertilizer x 

Varieties 

12 2.477 0.070 0.023 12.008 0.001 0.000 

Error (b) 32 1.147 0.028 0.005 3.192 0.000 0.000 
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Table 4.6. The effect of Potassium fertilization on root characters. 

Autumn season 

K- Fertilizer 
(K2O  / ha )  

Root length 
(cm) 

Root fresh 
weight (g) 

Root dry 
weight (g) 

No. of nodules 
/  plant 

Nodules fresh 
weight (g) 

Nodules dry 
weight (g) 

0 Kg K2O / ha  18.13 1.64 b 0.54 d 21.3 c 0.14 d 0.03 

40 Kg K2O / ha  18.99 1.90 a 0.78 c 24.7 b 0.17 c 0.03 

60 Kg K2O / ha  19.04 2.01 a 0.87 b 27.4 a 0.20 b 0.09 

80 Kg K2O / ha 20.50 2.05 a 0.94 a 27.6 a 0.26 a 0.06 

LSD ( p ≤ 0.05 ) N.S 0.164 0.05 1.18 0.01 N.S 

Spring season 

K- Fertilizer 

(K2O  / ha )  

Root length 

(cm) 

Root fresh 

weight (g) 

Root dry 

weight (g) 

No. of nodules 

/  plant 

Nodules fresh 

weight (g) 

Nodules dry 

weight (g) 

0 Kg K2O / ha  14.33 c 1.38 c 0.47 d 16.73 c 0.12 d 0.02 c 

40 Kg K2O / ha  15.66 b 1.70 b 0.72 c 21.06 b 0.15 c 0.03 b 

60 Kg K2O / ha  18.08 a 1.83 ab 0.81 b 23.80 a 0.18 b 0.05 a 

80 Kg K2O / ha 18.73 a 1.91 a 0.87 a 23.80 a 0.23 a 0.05 a 

LSD ( p ≤ 0.05 ) 0.89 0.16 0.04 1.41 0.02 0.01 

 

       No significant effect of potassium fertilizer in the character root length was 

recorded. The root length value restricted between 18.13 and 20.50 cm for the 

applications  of 0 and 80 kg  K2O ha
-1

 respectively (Table 4.6). 

Highly significant effect of potassium fertilizer in root fresh weight was 

observed. Maximum value 2.05 gm was produced by the application of 80 kg K2O ha
-1

 

and followed by 2.01 gm for the application of 60 kg  K2O ha
-1

.  All application levels 

were predominated the treatment of control significantly by 15.63, 22.62 and 25.12 %, 

respectively. The lowest root fresh weight1.64 gm was exhibited by the treatment of 

control. 

The highly significant effect of potassium fertilizer was noticed in the character 

root dry weight, the root dry weight increased as potassium level increased from 0,0 to 

80 kg  K2O ha
-1

. All application levels exceeded the treatment of control by 42.98, 

58.65 and 72.85 %, respectively. Maximum value produced by 80 kg K2O ha
-1

 which 

was 0.94 gm, and minimum value 0.54 gm was produced by the treatment of control 

(Table 4.6). 

The effect of potassium fertilizer on number of nodules per plant  was highly 

significant. The number of nodules per plant  increased as the potassium application 

level increased. The highest number of nodules 27.60  was produced by the application 

of 80 kg  K2O ha
-1

. 
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All potassium levels predominated the treatment of control significantly by 

15.93, 28.75, and 29.37%, respectively (Table 4.6). The lowest value 21.33 was 

produced by the application of 0.0 kg K2O ha
-1

. 

The effect of potassium fertilizer in nodules fresh weight was highly significant 

table. All application levels exceeded the treatment of control significantly by 21.27, 

45.39 and 90.78% , respectively .Maximum weight 0.26 gm was showed by 80 kg K2O 

ha
-1

, and the lowest weight of fresh nodules 0.14 gm was produced by the treatment of 

control (Table 4.6). 

From the same table and appendix no significant effect of potassium fertilizer 

was observed in nodules dry weight. while it was increased with potassium level 

increased up to 60 kg K2O ha
-1

. 

At spring season the effect of potassium fertilizer was highly significant in all 

character. The application of 80 kg K2O ha
-1

 exhibited maximum values for all 

characters which were 18.73, 1.91, 0.87, 23.90, 0.23 and 0.05 for root length, root fresh 

weight, root dry weight, number of nodules per plant, nodules fresh weight and nodules 

dry weight respectively, while the treatment of control  0 kg K2O ha
-1

 gave the lowest 

values for these characters which were 14.33, 1.38, 0.47, 16.73, 0.12 and 0.02 

respectively. 

 

Table 4.7. The differences among pea varieties in root characters. 

 Autumn season 

Varieties 
Root length 

(cm) 

Root fresh 

weight (g) 

Root dry 

weight (g) 

No. of nodules /  

plant 

Nodules fresh 

weight (g) 

Nodules dry 

weight (g) 

Avolla 18.76 2.01 a 0.83 27.41 a 0.20 0.05 ab 

Joneor 19.20 1.86 b 0.75 25.33 b 0.19 0.04 b 

Sancho 19.50 1.84 b 0.78 22.75 c 0.19 0.09 a 

Green Sage 19.49 1.92 a 0.79 25.58 b 0.19 0.04 b 

Mamoth 18.89 1.92 a 0.77 25.33 b 0.19 0.04 b 

LSD ( p ≤ 
0.05 ) 

N.S 0.13 N.S 1.59 N.S 0.04 

Spring season 

Varieties 
Root length 

(cm) 
Root fresh 
weight (g) 

Root dry 
weight (g) 

No. of nodules /  
plant 

Nodules fresh 
weight (g) 

Nodules dry 
weight (g) 

Avolla 17.16 1.84 a 0.74 22.83 a 0.18 0.04 

Joneor 16.00 1.50 b 0.72 21.08 b 0.17 0.04 

Sancho 16.76 1.62 b 0.71 19.33 c 0.16 0.04 

Green Sage 16.83 1.76 a 0.72 22.08 ab 0.17 0.04 

Mamoth 16.75 1.79 a 0.70 21.41 ab 0.17 0.04 

LSD ( p ≤ 
0.05 ) 

N.S 0.138 N.S 1.486 N.S N.S 
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Data represent in this table (4.7), confirm that the differences between pea 

varieties were not significant due to the character root length, and the values were 

restricted between 18.76 and 19.50 cm for the varieties of Avolla and Sancho, 

respectively. 

Significant differences among varieties for the character of root fresh weight was 

confirmed. Avolla variety produced maximum values 2.01 g, which exceeded the 

varieties of Joneor and Sancho significantly. There were no significant difference 

among the varieties of Avolla, Green Sage and Mamoth. The lowest value 1.86 g was 

recorded by Joneor variety. 

No significant differences were noticed among varieties for the character of root 

dry weight. The values were ranged between  0.75 and 0.83 g for the varieties of Joneor 

and Avolla, respectively (Table 4.7). 

Highly significant differences were observed among varieties for the number of 

nodules per plant. Maximum number was produce by Avolla variety 27.41 which 

exceeded the rest by 8.22, 20.51, 7.16 and 8.22 %,  respectively. The lowest numbers of 

nodules were produced by the varieties of Joneor and Mamoth each with 25.33 nodules 

per plant. 

Non-significant differences among varieties for the nodules fresh weight was 

observed. The values were restricted between 0.19 and 0.20 for Green Sage and Avolla 

varieties respectively (Table 4.7). 

From the same table and Appendix no significant differences were noticed 

among varieties for the nodules dry weight. The values were ranged between 0.04 g for 

both varieties of Joneor and Mamoth and 0.09 g for the variety of Green Sage. 

Regarding to the spring season the difference among varieties to the root fresh 

weight, number of nodules per plant was highly significant. The Avolla variety recorded 

maximum values for both characters with 1.84 and 22.83 respectively , while the lowest 

value for fresh root weight 1.50 gm was, recorded by Joneor variety and for number of 

nodules per plant 19.33  was recorded by Sancho variety. 

Significant differences were reported among pea varieties for fresh root weight 

per plant, while no significant differences among varieties for the nodule number per 

plant  and significant differences were reported for nodules weight per plant (Singh et al 

2006). 
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Table 4.8. The interaction effect of potassium fertilizer and varieties on root 

                  characters.  

Autumn season 

K- Fertilizer 

(K2O .ha -1 )  
Varieties 

Root length 

(cm) 

Root fresh 

weight (g) 

Root dry 

weight (g) 

No. of 
nodules /  

plant 

Nodules fresh 

weight (g) 

Nodules dry 

weight (g) 

0 Kg K2O / ha  

Avolla 19.17 1.61 hi 0.61 gh 21.33 hi 0.19 cd 0.03 b 

Joneor 19.43 1.93 c-g 0.69 fg 26.66 d-f 0.15 fg 0.03 b 

Sancho 14.73 2.30 a 0.98 a-c 30.00 a-c 0.18 c-e 0.06 b 

Green Sage 21.70 2.21 ab 1.05 a 31.66 a 0.26 a 0.07 b 

Mamoth 17.60 1.52 i 0.52 h 22.66 g-i 0.13 gh 0.02 b 

40 Kg K2O / 

ha  

Avolla 18.50 1.79 e-h 0.70 e-g 23.66 f-h 0.16 d-f 0.03 b 

Joneor 20.60 1.97 b-g 0.88 b-f 27.33 c-e 0.22 b 0.05 b 

Sancho 20.10 1.93 c-g 0.93 a-e 27.66 b-e 0.26 a 0.06 b 

Green Sage 17.33 1.58 hi  0.58 gh 20.33 i 0.12 h 0.03 b 

Mamoth 19.43 1.77 f-i 0.70 c-f 23.66 f-h 0.18 c-e 0.04 b 

60 Kg K2O / 

ha  

Avolla 20.50 1.87 d-g 0.81 c-f 24.66 e-g 0.20 bc 0.24 a 

Joneor 20.73 2.15 a-c 1.02 ab 22.33 hi 0.27 a 0.05 b 

Sancho 18.56 1.75 g-i 0.58 gh 21.33 hi 0.12 gh 0.03 b 

Green Sage 19.20 1.94 c-g 0.85 c-f 26.66 d-f 0.16 e-g 0.03 b 

Mamoth 20.36 2.04 b-e 0.83 c-f 28.66 a-d 0.20 bc 0.06 b 

80 Kg K2O / 
ha 

Avolla 19.83 1.96 c-g 0.91 a-e 25.66 d-g 0.26 a 0.05 b 

Joneor 18.00 1.74 g-i 0.44 i 21.00 hi 0.12 gh 0.03 b 

Sancho 18.40 2.06 a-d 0.97 a-c 23.00 g-i 0.18 c-e 0.03 b 

Green Sage 19.00 1.88 d-g 0.84 c-f 26.66 d-f 0.19 cd 0.05 b 

Mamoth 20.16 2.01 b-f 0.82 c-f 30.66 ab 0.27 a 0.06 b 

LSD( p ≤ 0.05 ) N.S 0.25 0.16 3.19 0.02 0.12 

Spring season 

K- Fertilizer 

(K2O .ha -1 )  
Varieties 

Root length 

(cm) 

Root fresh 

weight (g) 

Root dry 

weight (g) 

No. of 

nodules /  

plant 

Nodules fresh 

weight (g) 

Nodules dry 

weight (g) 

0 Kg K2O / ha  

Avolla 15.66 e-g 1.26 ef 0.50 i 16.66 f 0.16 c-e 0.03 

Joneor 13.33 h 1.20 f 0.50 i 16.66 f 0.11 g 0.02 

Sancho 13.67 h 1.26 ef 0.52 i 16.66 f 0.11 g 0.02 

Green Sage 14.33 gh 1.63 cd 0.47 ij 17.00 ef 0.11 g 0.03 

Mamoth 14.66 gh 1.53 de 0.38 j 16.66 f 0.11 g 0.02 

40 Kg K2O / 

ha  

Avolla 15.00 f-h 1.80 b-d 0.64 h 21.66 cd 0.13 fg 0.03 

Joneor 15.00 f-h 1.53 de 0.66 f-h 20.66 cd 0.15 d-f 0.03 

Sancho 16.66 c-f 1.53 de 0.67 gh 20.33 cd 0.16 c-e 0.03 

Green Sage 15.66 e-g 1.70 c-d 0.77 c-f 23.00 bc 0.14 ef 0.03 

Mamoth 16.00 d-g 1.93 a-c 0.88 a-c 19.66 de 0.17 c-e 0.03 

60 Kg K2O / 

ha  

Avolla 17.33 b-e 2.16 a 0.90 a 26.00 a 0.17 c-e 0.04 

Joneor 17.33 b-e 1.63 cd 0.82 a-e 22.00 c 0.19 bc 0.05 

Sancho 18.06 bc 1.66 cd 0.760 e-g 21.33 cd 0.19 bc 0.05 

Green Sage 19.00 ab 1.90 a-c 0.79 b-e 26.66 a 0.19 bc 0.05 

Mamoth 18.66 b 1.80 b-d 0.76 ef 23.00 bc 0.18 b-d  0.05 

80 Kg K2O / 

ha 

Avolla 20.66 a 2.13 a 0.90 ab 27.00 a 0.24 a 0.06 

Joneor 18.33bc 1.66 cd 0.91 ab 25.00 ab 0.24 a 0.05 

Sancho 18.66 b 2.03 ab 0.93 a 19.00 d-f 0.20 b 0.05 

Green Sage 18.33 bc 1.83 bc 0.84 a-e 21.66 cd 0.24 a 0.04 

Mamoth 17.66 b-d 1.90 a-c 0.77 c-f 26.33 a 0.25 a 0.05 

LSD ( p ≤ 0.05 ) 1.78 0.27 0.12 2.97 0.03 N.S 
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Data represent in this Table 4.8 explain the interaction effect between potassium 

fertilizer and pea varieties on root length which respond non significantly to this 

interaction. 

There were no significant interaction effect between potassium fertilizer and pea 

varieties in the character root fresh weight. 

From the same Table and Appendix highly significant interaction effect between 

potassium fertilizer and pea varieties was noticed. Maximum root dry weight value 1.05 

g was exhibited by the interaction of Avolla variety under 80 kg K2O ha
-1

. The lowest 

value 0.44 g was recorded by the interaction of Mamoth variety coupled with 0 kg K2O 

ha
-1

. 

Highly significant interaction between potassium fertilizer and pea varieties 

were observed due to the character number of nodules per plant. Maximum number of 

nodules per plant recorded b y the interaction of Avolla variety under 80 kg K2O ha
-1

, 

which was nodules 31.66 (Table 4.8). The minimum number 20.33 was nodules 

recorded by the interaction of Sancho variety under 0 kg K2O ha
-1

.  

From the same table, highly significant interaction between potassium fertilizer 

and pea varieties were recorded. The interaction of mamoth variety with 80 kg K2O ha
-1

 

recorded maximum value for nodule fresh weight which was 0.27 gm. The minimum 

value 0.12 gm was recorded by the inter action of Sancho varieties with 0 kg K2O ha
-1

. 

The interaction between potassium fertilizer and pea varieties was not significant 

for the character nodules dry weight. 

Respect to spring season the interaction effect between potassium  fertilizer  and 

varieties were highly significant for root dry weight ,number of nodules per plant and 

nodules fresh weight, while it was significant for root length and root fresh weight and 

it was not significant for nodules dry weight. 

Maximum value due to the character root length, number of nodules per plant  

and nodules fresh weight 20.6, 27.0 and 0.24 were recorded by the interaction of 80 kg 

K2O ha
-1

 with Avolla variety, while for the character root fresh weight and root dry 

weight 2.16 and 0.94 gm were, recorded by the interaction of 60 kg K2O ha
-1

 with 

Avolla variety. 

The lowest value for root length and root fresh weight 13.33 and 1.20 gm were 

recorded by the association of 0 kg K2O.ha
-1

 with Joneor variety (Table 4.8), while for 

root dry weight it 0.38 was produced by the same potassium level under Mamoth 

variety for the number of nodules/plant the lowest value 16.66  was recorded under the 

interaction of 0kg K2O ha
-1

 with  the varieties of Avolla, Joneor, Sancho and Mamoth. 

The interaction of the same level of potassium with both varieties of Sancho and 

Mamoth recorded the lowest value for nodules fresh weight with 0.11  gm. 



                                                                                                                                           BEKHAL OMER 

31 
 

Table 4.9. The variance analysis of yield and its components.  

Autumn season 

S. O. V. d.f 

M.S  

No. of 

 Pods 

 / 
plant 

Weight  

of pods 

 / plant 
(g) 

Pod 

lengt

h 
(cm) 

No. of 
seeds/po

d 

Weigh

t of 
seeds 

/pod 

(g) 

100-

seed 

weigh
t (g) 

Seeds 

weight
/ 

plant 

(g) 

Biologica

l yield 

/ plant 
(g) 

Harves

t Index 

Seed  
yield 

(Kg/ha) 

Blocks 2 5.71 4.325 0.496 0.717 0.036 1.812 
10.201 69.628 0.026 

1541200.

6 

Potassiu

m 
Fertilizer 

3 40.20 
113.20

3 
3.292 3.883 0.125 

19.51

5 
7.686 155.295 0.015 756473.9 

Error (a) 6 1.11 1.479 0.085 0.250 0.008 0.498 
0.338 7.754 0.001 

1282088.

0 

Varieties 4 47.05 18.625 7.848 6.025 0.125 
20.58

5 34.718 14.676 0.007 

1121295.

7 

Potassiu

m 

Fertilizer 

x 

Varieties 

12 4.93 1.146 0.397 0.425 0.014 0.932 

0.707 12.672 0.006 

1208780.

4 

Error (b) 32 2.14 0.536 0.145 0.388 0.007 0.915 
0.638 1.713 0.001 

1180293.

1 

Spring season 

S. O. V. d.f 

No. of 

 Pods 
 / 

plant 

Weight  

of pods  
/ plant 

(g) 

Pod 

lengt
h 

(cm) 

No. of 

seeds / 

pod 

Weigh
t of 

seeds / 

pod 
(g) 

100-

seed 
weigh

t (g) 

Seeds 

Weight 
/plant 

(g) 

Biologica
l 

Yield 

/plant 
(g) 

Harves

t 

Index 

Seed 

yield 

(Kg/ha) 

Blocks 2 1.513 3.517 0.041 0.429 0.037 1.433 3.826 34.785 0.075 17781.95 

Potassiu

m 
Fertilizer 

3 
14.64

4 
2.428 2.797 0.904 0.103 

20.31

7 
1.208 23.580 0.022 5610.91 

Error (a) 6 0.709 0.394 0.196 0.196 0.007 0.741 0.446 2.006 0.008 2071.32 

Varieties 4 
11.37

0 
7.598 5.954 3.942 0.100 

16.62

6 7.499 11.501 0.041 34861.66 

Potassiu

m 
Fertilizer 

x 

Varieties 

12 0.832 0.264 0.340 0.286 0.012 1.503 

0.290 9.407 0.014 1349.12 

Error (b) 32 0.545 0.217 0.256 0.338 0.008 0.583 0.138 6.867 0.016 643.04 
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Table 4.10. The effect of Potassium fertilization on yield and its components.  

 Autumn season 

K- 

Fertilizer 

(K2O 
kg/ha)  

No. 

of 

pods / 
plant 

Weight 

of pods 

/ plant 
(g) 

Pod 
length 

(cm) 

No. 

of 

seeds 
/ pod 

Weight 

of seeds 

/ pod 
(g) 

100-

seed 

weight 
(g) 

Seeds 

weight 

/ plant 
(g) 

Biological 

weight /  

plant  
(g) 

Harvest Index 
Seed 

yield (Kg 

/ ha) 

0 7.4 c 14.70 c 6.35 c 3.4 b 1.14 b 18.18 c 13.11 c 28.1 c 0.52 c 1571.0 

40  9.2 b 15.25 c 6.55 c 3.1 b 1.29 ab 
19.40 

b 
13.78 b 27.0 c 0.57 b 1039.5 

60  9.5 b 18.49 b 6.87 b 3.5 b 1.32 ab 
19.97 

b 
14.4 a 31.4 b 0.59 ab 1260.3 

80  11.4 a 20.51 a 7.42 a 4.3 a 1.35 a 20.91 a 14.73 a 34.0 a 0.60 a 1397.8 

LSD (p ≤ 

0.05) 
0.94 1.08 0.26 0.4 0.07 0.63 0.520 2.488 0.027 n.s 

Spring season 

K- 

Fertilizer 
(K2O 

kg/ha)  

No. 

of 
pods / 

plant 

Weight 

of pods 
/ plant 

(g) 

Pod 

length 

(cm) 

No. 

of 
seeds 

/ pod 

Weight 

of seeds 
/ pod 

(g) 

100-

seed 
weight 

(g) 

Seeds 

weight 
/ plant 

(g) 

Biological 

weight /  
plant 

 (g) 

Harvest Index 

Seed 

yield (Kg 

/ ha) 

0 3.2 b 5.2 a 5.55 c 3.1 1.06 b 15.0 d 5.0 ab 13.9 0.37 342.6 ab 

40  3.8 b 5.7 ab 
5.90 
bc  

2.8 1.19 a 15.9 c 4.9 b 13.3 0.41 337.6 b 

60  4.7ab 5.9 a 6.01 b 3.0 1.22 a 16.8 b 5.3 ab 15.5 0.34 363.5 ab 

80  5.5 a 6.2 a 6.59 a 3.4 1.24 a 17.7 a 5.5 a 15.9 0.32 379.4 a 

LSD ( p 

≤ 0.05 ) 
0.752 0.561 0.395 N.S 0.074 0.7 0.5 N.S N.S 40.6 

 

Highly significant effect of potassium fertilizer on number of pods per plant was 

observed,the applications of 80 kg K2O ha
-1

 recorded maximum number of pods per 

plant 11.46 pods which predominated the other applications by 53.56, 23.74 and 20.28 

%, respectively. The lowest number of pods was recorded by the application of 0 kg 

K2O ha
-1

 which was pods 7.46. There were not significant differences between the 

applications of 40 and 60 kg  K2O ha
-1 

for this character. 

Highly significant effect of potassium fertilizer was observed in weight of pods 

per plant, maximum weight was recorded by the potassium level of 80 kg K2O ha
-1

 

which was  14.73 gm and followed by 14.40 gm recorded by 60 kg K2O ha
-1

. The 

application of 80 kg K2O ha
-1

 exceeded 0and 40 kg K2O ha
-1 

by 12.36, 6.89 %, 

respectively. The lowest weight was recorded by the treatment of control which was 

13.11 gm (Table 4.10). 

Highly significant effect of potassium fertilizer was noticed on the character pod 

length .The longest pod recorded by 80 kg K2O ha
-1

, which was 7.42 cm, and exceeds 

the rest by 16.90, 13.33 and 8.06 %, respectively. The lowest value recorded by the 

treatment of control which was 6.35cm. 
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Highly significant differences among potassium levels due the character number of 

seeds per pod was noticed. Maximum number 4.33 was seeds exhibited by the level of 

80 kg K2O ha
-1

 , which predominated the other levels by 24.97, 38.32 and 22.63 %, 

respectively. No significant differences were represent between 40  kg K2O ha
-1

 and 60 

kg K2O ha
-1

  for this character. The lowest value recorded by the application of  40 kg 

K2O ha
-1

  which was  3.13 seeds (Table 4.10). 

Highly significant effect of potassium fertilizer in the character weight of seeds 

per pod was confirmed, the highest value 1.35 gm was recorded by 80 kg K2O ha
-1

. 

which exceeded 0, 40 kg K2O ha
-1

 by 17.77  and 4.24 %, respectively. There were no 

significant differences between the application of 60 and 80 kg K2O ha
-1

, for this 

character. The treatment of control recorded minimum value with  1.14 gm. 

Highly significant differences were recorded among the potassium levels due to 

the 100-seed  weight. The application of 80 kg K2O ha
-1

 recorded maximum value 20.91 

gm, and out yielded the other applications by  15.00, 7.78  and 4.69  % , respectively. 

No significant differences were present between  40 and 60 kg K2O ha
-1

 for this 

character the lowest value 18.18  gm was  recorded by 0 kg K2O ha
-1

. 

Highly significant differences among potassium levels due to the character seed 

weight per plant  was recorded. Maximum weight recorded by 80 kg  K2O ha
-1

, which 

was 20.51 g, and predominated the rest by 39.45, 34.48 and 10.90 %, respectively. No 

significant differences were observed between  0 and 40 kg K2O ha
-1

  for this character. 

The lowest seed weight per plant14.70 gm was  recorded by  0 kg K2O ha
-1

. 

The biological weight per plant responds high significantly to potassium 

applications, maximum value 34.05 gm was  recorded by  80 kg K2O ha
-1

, which 

exceeded the rest by 21.14, 26.13 and 8.25 %, respectively (Table 4.10). No significant 

differences were noticed between 0 and 40 kg K2O ha
-1

. The lowest weight 27.00 gm 

was recorded by  40 kg K2O ha
-1

.  

The same table and appendix ratify the highly significant differences among 

potassium levels due to harvest index. 0 kg K2O ha
-1

 produced maximum harvest index 

0.60, which exceeded 0 and 40 kg K2O.ha
-1

 by13.79 and 5.61 %, respectively. No 

significant differences were recorded between 40 and 60 kg  K2O ha
-1

 .and also between 

60 and 80 kg K2O ha
-1

. The lowest value for harvest index  0.52 was recorded by 0 kg 

K2O ha
-1

. 

The potassium applications affected non significantly in seed yield at autumn 

season . 

Respect to spring season the effect of potassium fertilizer was highly significant 

for the character number of nodules per plant, weight of pods per plant, pod length, 

weight of seeds per pod and 100 seeds weight, while it was significant for seed weight 

per plant and seed yield but not significant for the characters number of seeds per pod, 
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biological weight and harvest index. The application of 80 kg K2O ha
-1

 produced 

maximum values for all characters except harvest index recording  5.50, 6.32, 6.59, 

1.24, 17,78, 5.56  and 379.48  for the character number of pods per plant. 

Weight of pods per plant, pod length, weight of seeds per pod, 100 seed weight, 

seed weight per plant and seed yield respectively. The treatment of control produced the 

lowest values for these characters except seed yield with 3.28, 5.26, 5.55, 1.06, 15.06  

and 5.02 , respectively (Table 4.10). While  40 kg K2O ha
-1

  gave minimum value for 

seed yield with 337.68  kg.ha
-1

. 

Kakar et al (2002) confirmed that the application of potassium fertilizer 

increased the character number of pods per plant. 

Kakar et al 2002 and Akhtar et al 2003 reported that the application of potassium 

fertilizer increased pod yield per plant due to increasing pod length and pod number. 

Previous workers ratified that the application of recommended dose of NPK 

showed better performance of seed yield (Ashraf et al 2011 ) and ( Shakoor Khanady et 

al 2012). 

Table 4.11. The differences among pea  varieties in yield and its components. 

Autumn season 

Varieties 

No. 

of 
pods / 

plant 

Weight 

of pods 
/ plant 

(g) 

Pod 

length 

(cm) 

No. of 

seeds 

/ pod 

Weight 

of seeds 

/ pod (g) 

100-seed 

weight 

(g) 

Seeds 

weight / 

plant (g) 

Biological 
weight 

 /  

 plant  
(g) 

Harvest 
Index 

Seed yield 
(Kg/ha) 

Avolla 12.5 a 19.4 a 7.94 a 4.58 a 1.43 a 21.77 a 16.91 a 31.95 a 0.61 a 1322.9 ab 

Joneor 
10.0 

b 
17.1 b 6.30 c 

3.08  

b 
1.23 b 

19.76 b 13.65 bc 30.08 bc 0.57 b 1168.6 ab 

Sancho 8.9 bc 16.6 bc 6.19 c 3.08 b 1.22 b 18.96 c 13.88 b 30.14 b 0.55 c 1133.3 b 

Green 

Sage 
8.0 c 16.3 c 7.37 b 3.16 b 1.23 b 

19.21 bc 12.58 c 29.60 bc 0.55 c 1116.8 b 

Mamoth 7.6 c 16.6 bc 6.19 c 4.16 a 1.24 b 18.35 c 13.01 c 28.99 c 0.57 b 1844.1 a 

LSD (p ≤ 
0.05) 

1.2 0.609 0.317 0.518 0.071 0.79 0.66 1.08 0.02 703.4 

Spring season 

Varieties 

No. 

of 
pods / 

plant 

Weight 

of pods 
/ plant 

(g) 

Pod 

length 

(cm) 

No. of 

seeds 

/ pod 

Weight 

of seeds 

/ pod (g) 

100- 

seed  
weight  

(g) 

Seeds  

weight  
/ plant  

(g) 

Biological  

weight  
/ plant  

(g) 

Harvest  
Index 

Seed  

yield  

(Kg/ha) 

Avolla 5.8 a 7.08 a 6.96 a 3.83 a 1.34 a 18.23 a 6.45 a 15.62 0.42 439.7 a 

Joneor 4.7 a 5.50 c 5.42 b 2.70 b 1.14 b 16.98 b 4.93 c 15.46 0.32 336.3 c 

Sancho 3.8 c 5.95 b 5.56 b 2.58 b 1.13 b 15.70 c 5.53 b 14.45 0.43 377.2 b 

Green 

Sage 
3.7 c 5.08 6.57 a 2.75 b 1.14 b 

15.79 c 4.50 d 13.17 0.32 306.7 d 

Mamoth 3.4 c 5.29 cd 5.55 b 3.58 a 1.13 b 15.40 c 4.68 cd 14.75 0.32 319.2 cd 

LSD (p ≤ 

0.05) 
0.6 0.38 d 0.42 0.48 0.07 

0.63 0.309 N.S N.S 21.08 
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Data in  this table (4.11)  signify the presence of highly significant differences 

between varieties due to number of pods per plant. Avolla variety produce maximum 

number of pods plant
-1

 12.58 and pre dominated the rest by 25.83, 41.11, 57.28  and 

64.11  %, in compare to Joneor, Sancho, Green Sage and Mamoth respectively. There 

were no significant differences between Joneor and Sancho and also between Sancho 

and Green Sage. The lowest value due to this character 7.66  was pods recorded by 

Mamoth variety. 

Highly significant differences were present between varieties for the character 

weight of pots per plant . Avolla predominated the other varieties recording 16.91 g, and 

exceeded Joneor, Sancho, Green Sage and Mamoth by  23.86, 21.77, 34.33  and 29.96  

%, respectively. Green Sage gave the lowest weight of pods, which was 12.58 g (Table 

4.11). 

The differences between varieties were highly significant due to the pod length. 

Avolla gave maximum value for this character which was 7.94 cm and followed by the 

variety Green Sage with 7.37 cm. Avolla exceeded Joneor, Sancho, Green Sage and 

Mamothby 25.90, 28.26, 7.68 and 28.26 %, respectively. No significant differences 

were recorded among Joneor, Sancho and Mamoth. The lowest value 6.192 cm was 

recorded by the varieties of Sancho and Mamoth.  

Highly significant differences between varieties due to the number of seeds  per 

pod was noticed. Maximum number recorded by Avolla with 4.58 seeds and exceeded 

the varieties of Joneor, Sancho and Green Sage by 48.65, 48.65 and 44.71 respectively. 

No significant differences were recorded between the varieties of Avolla and Mamoth  

and also between Joneor and Sancho. The minimum value 3.08 seed was recorded by 

the varieties of Joneor and Sancho. 

Highly significant differences were present in the character weight of seed per 

pod among pea varieties. 

Variety Avolla  gave maximum value with 1.46 gm, and predominated the 

varieties of  Joneor, Sancho, Green sage, and Mamoth by 18.94, 19.23, 18.46, and 17.22 

%, respectively. There were no significant differences between varieties Joneor ,Sancho, 

Greensage and Mamoth. The Sancho variety gave the lowest weight, which was 1.22 

gm. 

The varieties were differ in the 100 seed weight, Avolla showed maximum value 

21.77 gm  and exceeded Joneor, Sancho, Green sage   and Mamoth by 10.13, 14.82, 

13.32 and 18.63 %, respectively. No significant differences were present between 

Joneor and Green sage and also between Sancho and Mamoth .The lowest weight of 

100 seed 18.35 was produced by Mamoth variety. 

The difference between varieties was highly significant due to the character seed 

weight per plant. Avolla gave maximum value 19.41 gm and out yielded Joneor, 
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Sancho, Green sage and Mamoth by 13.20, 16.74, 18.48 and 16.74 %, respectively 

(Table 4.11). There were no significant difference among Joneor, Sancho and Mamoth 

and also between Sancho Green sage and Mamoth. The variety of Green sage recorded 

minimum weight 16.38 gm. 

Highly significant differences were recorded between varieties due to the 

character biological weight per plant. Avolla gave the highest value which was 31.95 

gm and exceeded the varieties of Joneor, Sancho, Green sage and Mamoth by 6.22, 

6.02, 7.93 and 10.20 %, respectively. No significant differences were recorded among 

Joneor, Sancho and Green sage and also between Green sage and Mamoth. The lowest 

value 28.99 gm was recorded by Mamoth variety. 

The varieties were recorded different value for the character harvest index. 

Avolla showed maximum values with 0.61 and predominated the varieties of Joneor, 

Sancho, Green sage and Mamoth by  6.64, 9.90, 10.50 and 6.08 %, respectively (Table 

4.11). No significant differences were recorded between the varieties of Joneor and 

Mamoth and also between Sancho and Green sag. The variety of Green sage recorded 

minimum value which was 0.55. 

Highly significant differences of seed yield for different pea varieties were 

recorded. Mamoth with 1844.18 kg ha
-1

 gave maximum value and exceeded the other 

varieties  of Avolla, Joneor, Sancho and Green sage by  39.40, 57.798, 62.72 and 65.12 

% ,respectively. No significant differences were observed between Avolla, Joneor and 

Sancho. Green sage produce the lowest seed yield which was 1116.82 kg.ha
-1

 (Table 

4.11). 

Concerning to spring season the difference between varieties were highly 

significant for all characters except seed weight per plant which was significant and 

biological weight per plant and harvest index which were not significant. 

Avolla variety recorded maximum  value for the characters number of pods per 

plant, weight of pods per plant, pod length, number of seeds per pod, weight of seeds 

per pod, 100 seed weight, seed weight per plant and seed yield with 5.86, 7.08,  6.96, 

3.83 , 1.34 ,18.23, 6.45 and 439.73, respectively (Table 4.11). The lowest value, due to 

the number of pod per plant 100 seed weight and seed yield was 3.48, 15.40 and 319.27 

recorded by Mamoth variety while for weight of pods per plant and seed weight per 

plant were 5.08 and 4.50 gm recorded by Green sage variety, and for number of seeds 

per pod and weight of seed per pod were 2.58 and 1.13 recorded by Sancho variety, 

while for pod length it 5.42 was recorded by Joneor variety. 

 

 

 



                                                                                                                                           BEKHAL OMER 

37 
 

Arshad et al 1998 stated that number of seeds was correlated with pod 

length.Significant differences were reported among varieties for the characters number 

of seeds per pod  and 100-seed weight (Ali et al 2002a; Ali et al 2002 b ; Abdolla 2015). 

 

 

Table 4.12. The interaction effect of potassium fertilizer and varieties on yield and 

                     its components.  

Autumn season 

K- 

Fertilizer 

Kg/ha)  

Varieties 

No. of 

pods / 

plant 

Weight 

of pods 

/ plant 

(g) 

Pod 

length 

(cm) 

No. 

of 

seeds 

/ pod 

Weight 

of 

seeds / 

pod (g) 

100-

seed 

weight 

(g) 

Seeds 

weight 

/ plant 

(g) 

Biological 

weight /  

plant (g) 

Harvest 

Index 

Seed 

yield 

(Kg / 

ha) 

0  

Avolla 9.0 c-e 16.7 f 7.30 c 3.66 1.19 21.01 15.50 26.0 j 0.64 a 
1138.00 

b 

Joneor 7.3 d-f 15.0 h 
6.16 
e-g 

3.33 1.09 18.53 13.70 29.40 gh 0.51 ij 
1024.63 

b 

Sancho 8.0 d-f 
14.50 

hi 

5.76 

f-h 
3.00 1.18 17.00 12.87 30.70 e-g 0.47 j 988.43 b 

Green 
Sage 

6.3 f 13.30 i 
7.10 
cd 

3.33 1.11 17.83 11.28 28.33 hi 0.47 j 906.76 b 

Mamoth 6.6 f 
14.00 

hi 
5.43 h 4.00 1.15 16.53 12.21 26.10 j 0.54 hi 

3797.60 

a 

40  

Avolla 
12.6 
ab 

18.03 
de 

7.26 c 4.33 1.46 21.73 16.65 32.60 b-e 0.55 g-i 
1229.00 

b 

Joneor 
11.3 

bc 

15.30 

gh 

6.33 

ef 
2.66 1.24 19.63 13.31 25.76 j 

0.59 b-

f 

1042.80 

b 

Sancho 9.3 cd 
15.06 

h 
5.6 gh 2.33 1.18 18.60 13.45 24.90 j 

0.61 a-
e 

1026.46 
b 

Green 

Sage 
6.6 ef 13.43 i 7.30 c 2.66 1.31 18.53 12.69 26.86 ij 0.50 j 915.86 b 

Mamoth 6.3 f 
14.42 

hi 
6.20 
e-g 

3.66 1.28 18.50 12.90 24.87 j 0.58 c-f 983.46 b 

60  

Avolla 14.0 a 
20.60 

b 
8.13 b 4.66 1.55 22.00 17.45 33.33 bc 

0.62 a-

d 

1404.00 

b 

Joneor 
8.667 

de 
18.16 

de 
6.13 
e-g 

2.66 1.31 20.16 14.04 31.83 c-f 
0.57 e-

h 
1237.33 

b 

Sancho 
9.000 

c-e 

17.17 

ef 

6.10 

e-g 
3.33 1.25 20.10 14.57 30.90 e-g 0.55 g-i 

1167.00 

b 

Green 
Sage 

7.667 
d-f 

18.73 
cd 

7.43 c 2.66 1.26 19.56 12.68 29.66 f-h 0.63 ab 
1276.66 

b 

Mamoth 
8.333 

d-f 

17.85 

d-f 
6.56 e 4.33 1.25 18.03 13.28 31.56 c-g 

0.56 f-

h 

1216.66 

b 

80  

Avolla 
14.667 

a 
22.31 a 9.06 a 5.66 1.64 22.36 18.12 35.86 a 

0.62 a-

c 

1520.66 

b 

Joneor 
12.667 

ab 

20.10 

b 

6.60 

de 
3.66 1.27 20.73 13.56 33.33 bc 

0.60 b-

f 

1370.00 

b 

Sancho 
9.333 

cd 

19.82 

bc 

7.23 

cd 
3.66 1.28 20.16 14.65 34.06 ab 

0.58 d-

h 

1351.33 

b 

Green 

Sage 

11.333 

bc 

20.07 

b 

7.66 

bc 
4.00 1.25 20.93 13.70 33.56 bc 

0.59 b-

f 

1368.00 

b 

Mamoth 
9.333 

cd 

20.23 

b 
6.56 e 4.66 1.30 20.36 13.63 33.45 bc 0.60 a-f 

1379.00 

b 

 
LSD ( p 

≤ 0.05 ) 
2.434 1.32 0.63 N.S N.S N.S N.S 2.17 0.040 1806.86  
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Spring season 

K- 

Fertilizer 

Kg/ha) 

Varieties 

No. of 

pods / 

plant 

Weight 

of pods 
/ plant 

(g) 

Pod 

length 

(cm) 

No. 

of 
seeds 

/ pod 

Weight 

of 
seeds / 

pod (g) 

100-

seed 
weight 

(g) 

Seeds 

weight 
/ plant 

(g) 

Biological 

weight /  

plant (g) 

Harvest 
Index 

Seed 

yield 
(Kg / 

ha) 

0  

Avolla 4.16 6.33 6.13 3.33 1.11 
17.50 

bc 
5.96 bc 13.00 0.47 

406.76 

ab 

Joneor 5.33 7.33 6.43 3.66 1.31 
18.03 

ab 
6.70 a 16.00 0.42 

347.66 

c-e 

Sancho 6.66 7.33 7.13 3.66 1.42 
18.23 

ab 
6.56 ab 16.20 0.40 

359.03 

cd 

Green 

Sage 
7.33 7.33 8.16 4.66 1.52 

19.10 

a 
6.56 ab 17.23 0.38 277.23 i 

Mamoth 3.16 5.33 5.06 3.16 1.03 
15.30 

c-e 
5.10 d-f 14.83 0.34 

322.66 

d-h 

40  

Avolla 4.66 5.33 5.80 2.33 1.14 
17.10 

bc 
4.50 f-i 14.26 0.32 456.80 a 

Joneor 4.83 5.66 5.16 2.66 1.23 
17.10 

bc 
5.10 d-f 16.13 0.31 

306.76 

e-i 

Sancho 6.16 5.66 5.66 2.66 1.17 
18.20 

ab 
5.03 ef 16.63 0.30 

331.76 

d-h 

Green 

Sage 
3.33 5.16 5.23 2.66 1.10 

14.00 

h 
5.26 de 15.16 0.34 

293.13 

hi 

Mamoth 3.66 5.66 5.43 2.33 1.11 
15.20 

d-h 

4.86 e-

h 
10.20 0.66 

299.96 

g-i 

60  

Avolla 4.00 6.16 5.43 2.66 1.15 17.20 5.667cd 15.40 0.36 447.66 a 

Joneor 4.50 6.83 6.16 2.66 1.18 
16.20 

c-e 
6.33 ab 17.03 0.37 

347.66 

c-e 

Sancho 2.66 4.33 6.13 2.66 1.03 
14.50 

fg 
4.06 i 13.96 0.32 

386.30 
bc 

Green 

Sage 
2.66 5.16 6.33 2.33 1.21 

14.30 

fg 
4.30 hi 13.03 0.33 

318.16 

e-i 

Mamoth 4.33 5.16 6.66 2.66 1.17 
16.50 

ce 
4.66 e-i 14.46 0.32 

318.16 
e-i 

80  

Avolla 5.33 5.66 7.16 3.33 1.15 
17.80 

b 

4.96 e-

g 
11.23 0.30 447.70 a 

Joneor 3.10 5.16 5.20 3.66 1.03 
14.00 

h 
4.733 
e-h 

12.60 0.38 
343.13 

c-e 

Sancho 2.66 5.16 5.53 3.33 1.16 
15.16 

ef 
4.40 g-i 13.26 0.33 431.73 a 

Green 
Sage 

4.00 5.16 5.66 3.66 1.16 
15.0 
ef 

4.66 e-i 15.60 0.29 
338.56 

d-g 

Mamoth 4.16 5.66 5.80 3.66 1.19 
17.40 

bc 

4.93 e-

g 
17.53 0.28 

336.30 

d-g 

LSD ( p ≤ 0.05 ) N.S N.S N.S N.S N.S 1.27 0.61 N.S N.S 42.17 

 

 

Data in this table (4.12) explain the interaction effect between potassium 

fertilizer and pea varieties in seed yield and its components. 

Significant interaction between potassium fertilizer and pea varieties were 

presented due to the character number of pods  per  plant. Maximum number of pods 

14.66 was produced by the interaction of Avolla variety with 80 kg K2O ha
-1

. The 

lowest number of pods 6.33 pods was showed by both interaction Green sage with 0 kg 

K2O ha
-1

 and Mamoth under 40 kg K2O ha
-1

. 

The interaction between potassium fertilizer and varieties was not significant for 

the character weight of podsper  plant. The values were restricted between 11.21 and 

18.12 for the interactions of Green sage with 0 kg K2O ha
-1

 and Avolla with 80 kg K2O 

ha
-1

 respectively. 
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Significant interaction was observed between potassium fertilizer and pea 

varieties for the character pod length. The interaction of Avolla variety with 80 kg K2O 

ha
-1

 produced maximum pod length  9.06 cm, while the interaction between Mamoth 

and 0 kg K2O ha
-1

  showed the lowest value of pod length which was  5.43cm. 

The interaction between potassium fertilizer and pea varieties was not significant 

due to the character number of seeds per pod. The values were ranged between 2.66 for 

the interactions of Joneor under 40 and 60 kg K2O ha
-1

 and Green sage under 40 and 60 

kg K2O ha
-1

 and 5.66 for Avolla under 80 kg K2O ha
-1

. 

The effect of interaction between potassium fertilizer and pea varieties were not 

significant for the character weight of seeds per pod. The values of seed weight  per pod 

restricted between 1.09 and 1.64 gm for the interactions of Joneor variety coupled with 

0 kg K2O ha
-1

 and Avolla variety coupled with 80 kg K2O. ha
-1

 respectively (Table 

4.12). 

The interaction effect between potassium fertilizer and pea varieties was not 

significant due to the 100-seed weight. The 100-seed weight values restricted between 

16.53 and 22.36 gm for both interactions of Mamoth under 0 kg K2O ha
-1

 and Avolla 

variety under 80 kg K2O ha
-1

 respectively. 

The character seed weight per plant respond significantly to the interaction 

between potassium fertilizer and pea varieties. The maximum weight 22.31 gm was, 

exhibited by Avolla variety coupled with 80 kg K2O ha
-1

, while the lowest weight 13.30 

gm was, produced by Green sage variety coupled with 0 kg K2O ha
-1

. 

Respond high significant to the interaction effect of potassium fertilizer and pea 

varieties. The interaction between Avolla variety with 80 kg K2O ha
-1

produced 

maximum biological weight which was 35.86 gm, while the interaction of Mamoth 

variety with 40 kg K2O ha
-1

 gave the lowest weight which was 24.867gm. 

The interaction between potassium fertilizer and pea variety was highly 

significant due to the character harvest index. Maximum value of  harvest  index 0.64 

was produced by the interaction of Avolla variety coupled with 0 kg K2O ha
-1

, while the 

lowest value 0.47 was produced by the interaction of Sancho variety with 0 kg K2O ha
-1

. 

Highly significant interaction was produced between potassium fertilizer and pea 

varieties for the character Seed yield. Maximum value of seed yield 3797.60 K2O ha
-1 

was produced by Mamoth variety associated with  0 kg K2O ha
-1

  while the minimum 

seed yield 906.76  K2O ha
-1

was produced by Green sage variety under the application of 

0 kg K2O. ha
-1 

(Table 4.12). 

Respect to spring season, all studied characters in this table respond to  the 

interaction effect between potassium fertilizer level and varieties non significantly 

except the 100-seed weight, seed weight per plant and seed yield, which respond 
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significantly to this effect. Maximum value  due to 100-seed  weight was 19.167 g  

recorded  by the interaction of 80 kg K2O ha
-1

  and Avolla variety, while the lowest 

value 14.00 gm was recorded by the interaction of  0 kg K2O ha
-1

  with Mamoth variety. 

The interaction of 40 kg K2O ha
-1

 with Avolla variety recorded maximum value for seed 

weight per plant with 6.70 gm and seed yield with 456.80 m kg ha
-1

 while the 

interaction of  0 kg K2O ha
-1

  with Green sage variety recorded minimum value for seed 

weight per plant and seed yield with 4.06  gm and 227.22  kg.ha
-1

 respectively. 

Data in this Table (4.13)  explain the effect of potassium fertilizer in plant forage 

weight at autumn season. 

Table 4.13. The variance analysis of plant forage wieght. 
Autumn season 

S. O. V. d.f 

M.S   

plant fresh 

weight(gm) 

Leaf fresh 

weight(gm) 

Stem fresh 

weight(gm) 

plant dry 

weight(gm) 

laef dry 

weight(gm) 

stem dry 

weight(gm) 

Blocks 2 5.987 5.987 0.780 0.867 0.606 0.050 

Potassium 

Fertilizer 
3 239.216 239.216 44.186 28.839 4.808 10.132 

Error (a) 6 8.294 8.294 3.905 0.539 0.554 0.051 

Varieties 4 168.788 168.788 43.405 5.979 1.195 2.027 

Potassium 
Fertilizer x 

Varieties 

12 18.185 18.185 5.260 1.134 0.596 0.809 

Error (b) 32 8.979 8.979 1.477 0.802 0.611 0.128 

 

Spring season 

S. O. V. d.f 
plant fresh 

weight(gm) 

Leaf fresh 

weight(gm) 

Stem fresh 

weight(gm) 

plant dry 

weight(gm) 

laef dry 

weight(gm) 

stem dry 

weight(gm) 

Blocks 2 12.717 16.850 13.067 0.686 0.176 0.130 

Potassium 
Fertilizer 

3 193.083 54.978 69.172 26.471 4.446 9.230 

Error (a) 6 16.317 9.428 16.822 0.565 0.108 0.286 

Varieties 4 106.225 71.233 38.692 4.415 1.404 1.337 

Potassium 

Fertilizer x 
Varieties 

12 13.958 7.422 12.436 1.349 0.391 0.898 

Error (b) 32 9.875 5.263 5.362 0.939 0.430 0.437 

 

The effect of potassium fertilizer was highly significant in all character except 

leaf dry weight which was significant the application of  80 kg K2O ha
-1

  produced 

maximum values for the characters plant fresh weight, leaf fresh weight, plant dry 

weight, leaf dry weight and stem dry weight with  47.57, 29.13, 10.22, 6.52 and 3.70 gm 

respectively. The application of 60 kg K2O ha
-1

 gave maximum stem fresh weight 18.78 

gm. The minimum value due to these characters was produced by the treatment of 

control with 38.65, 15.08, 6.83, 5.13 and 1.692 gm, respectively. 
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Table 4.14. The effect of Potassium fertilization on Plant forage weight(g).  

 Autumn season 

K- Fertilizer 

(K2O  / ha )  

plant fresh 

weight(gm) 

Leaf fresh 

weight(gm) 

Stem fresh 

weight(gm) 
plant dry weight(gm) 

laef dry 

weight(gm) 

stem dry 

weight(gm) 

0 Kg K2O / 

ha  
38.65 c 23.56 b 15.08 b 6.80 c 5.13 c 1.69 c 

40 Kg K2O / 
ha  

44.08 b 27.43 a 16.64 b 8.42 b 5.82b 2.59 b 

60 Kg K2O / 

ha  
46.58 a 27.79 a 18.78 a 8.52 b 5.79 bc 2.72 b 

80 Kg K2O / 
ha 

47.57 a 29.13 a 18.44 a 10.22 a 6.52 a 3.70 a 

LSD ( p ≤ 

0.05 ) 
2.53 2.15 1.76 0.65 0.66 0.20 

Spring season 

K- Fertilizer 
(K2O  / ha )  

plant fresh 
weight(gm) 

Leaf fresh 
weight(gm) 

Stem fresh 
weight(gm) 

plant dry weight(gm) 
laef dry 

weight(gm) 
stem dry 

weight(gm) 

0 Kg K2O / 

ha  
35.73 b 21.20 b 14.53 b 6.50 c 4.70 c 1.78 b 

40 Kg K2O / 
ha  

40.80 a 24.26 a 16.53 ab 8.12 b 5.37 b 2.80 b 

60 Kg K2O / 

ha  
42.00 a 23.93 ab 19.40 a 8.18 b 5.40 b 2.78 b 

80 Kg K2O / 
ha 

44.20 a 25.80 a 18.40 a 9.75 a 6.05 a 3.70 a 

LSD ( p ≤ 

0.05 ) 
3.60 2.74 3.66 0.67 0.29 0.48 

 

Regards to spring season all these character respond high significantly to 

potassium application levels.The application of 80 kg K2O ha
-1

 gave maximum values 

for characters plant fresh weight, leaf fresh weight, plant dry weight, leaf dry weight 

and stem dry weight with  44.20, 25.80, 9.75, 6.05 and 3.70 gm, respectively (Table 

4.14). While the application of  60 kg K2O ha
-1

  give maximum value for stem fresh 

weight with  19.400 gm the application of 0 kg K2O ha
-1

 produced the lowest value for 

all characters with 35.73, 21.20, 14.53, 6.50, 4.72  and 1.78 gm, respectively. 

The significant value of potassium fertilizer were noticed previously in total 

fresh weight of pea (Singhet et al 2006). 

Data in  this Table (4.15) explain the average of plant forge weight at both 

seasons Regarding to autumn season there were highly significant difference between 

varieties for all characters except the character leaf dry weight which was not 

significant, the Avolla variety gave maximum values for all characters with 50.02, 

30.64, 19.38, 9.63, 6.28 and 3.35 gm respectively. 

The lowest value for the characters plant fresh weight, stem fresh weight and 

leaf dry weight produced by Joneor variety with 41.25, 14.29 and 5.48 gm respectively 

(Table 4.15). While Sancho variety gave the lowest value for leaf fresh weight with 

24.73 gm , and the lowest value due to plant dry weight and stem dry weight showed by 

the variety green sage with 7.93, 2.22 gm respectively. 
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Table 4.15. The means of plant forage weight for pea varieties. 

 Autumn season 

Varieties 
plant fresh 

weight(gm) 

Leaf fresh 

weight(gm) 

Stem fresh 

weight(gm) 

plant dry 

weight(gm) 

laef dry 

weight(gm) 

stem dry 

weight(gm) 

Avolla 50.02 a 30.64 a 19.38 a 9.63 a 6.28 3.35 a 

Joneor 41.25 c 26.95 bc 14.29 d 7.96 c 5.48 2.47 bc 

Sancho 41.70 c 24.73 c 16.96 c 8.70 a 5.99 2.71 b 

Green Sage 42.15 c 24.88 c 17.27 c 7.93 c 5.66 2.26 c 

Mamoth 45.97b 27.68 b 18.29 b 8.27 bc 5.68 2.58 b 

LSD ( p ≤ 

0.05 ) 
2.49 2.19 1.01 0.74 N.S 0.297 

Spring season 

Varieties 
plant fresh 

weight(gm) 

Leaf fresh 

weight(gm) 

Stem fresh 

weight(gm) 

plant dry 

weight(gm) 

laef dry 

weight(gm) 

stem dry 

weight(gm) 

Avolla 44.33 a 27.83 a 18.16 ab 9.10 a 5.84 a 3.32 a 

Joneor 37.91 b 23.33 b 14.58 c 7.63 b 4.95 b 2.68 b 

Sancho 38.41 b 21.66 c 16.75 b 8.30 b 5.59 a 2.70 b 

Green Sage 39.33 b 22.16 bc 17.16 b 7.65 b 5.23 b 2.42 b 

Mamoth 43.41 a 24.00 b 19.41 a 8.00 b 5.31 a 2.68 b 

LSD ( p ≤ 

0.05 ) 
2.61 1.90 1.92 0.80 0.54 0.54 

 

At spring season there were highly significant differences among varieties for all 

characters except leaf dry weight and stem dry weight in which there were significant 

differences among varieties. 

Maximum value recorded by Avolla variety for all characters except the 

character stem fresh weight, with 44.33, 27.83, 9.10, 5.84  and 3.32 gm for the character 

plant fresh weight, leaf fresh weight, plant dry weight, leaf dry weight, stem dry weight 

respectively. 

While Mamoth variety gave maximum value from stem fresh weight with 19.41 

gm. The lowest values for the characters plant fresh weight stem fresh weight, plant dry 

weight, leaf dry weight were produced by Joneor variety with 37.91, 14.58, 7.63 and 

4.95 gm respectively. 

While Sancho gave the lowest value for leaf fresh weight with 21.66gm  and 

Green sage for the character stem dry weight with 2.425 gm. Previous workers reported 

significant differences between varieties due to forage yield of pea ( Bilgili et al 2010); 

Turk et al 2011 and Abdolla 2015). 
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Table 4.16. The interaction effect of potassium fertilizer and varieties on plant  forage weight (g).    

Autumn season 

K- Fertilizer 

(K2O  / ha )  
Varieties 

plant fresh 

weight(gm) 

Leaf fresh 

weight(gm) 

Stem fresh 

weight(gm) 

plant dry 

weight(gm) 

laef dry 

weight(gm) 

stem dry 

weight(gm) 

0  

Avolla 43.06 25.73 17.33 c-d 8.19 5.70 2.49 ef 

Joneor 36.40 24.13 12.26 i 5.68 4.27 1.40 h 

Sancho 37.80 20.83 16.96 c-f 7.16 5.50 1.65 gh 

Green 
Sage 

35.00 21.36 13.63 i 6.18 4.69 1.49 h 

Mamoth 41.00 25.76 15.23 e-h 6.92 5.50 1.41 h 

40  

Avolla 50.25 31.81 18.43 bc 9.09 6.35 2.74 de 

Joneor 41.60 27.56 14.03 hi 8.50 6.04 2.43 ef 

Sancho 42.16 25.36 16.80 c-f 8.09 5.58 2.50 ef 

Green 
Sage 

41.46 25.06 16.40 d-g 8.69 5.49 3.20 b-d 

Mamoth 44.93 27.36 17.56 c-e 7.75 5.66 2.09 fg 

60  

Avolla 53.83 33.03 20.80 a 9.52 5.07 3.45 bc 

Joneor 40.00 25.50 14.50 g-i 8.13 5.74 2.38 ef 

Sancho 46.80 28.53 18.26 b-d 9.66 6.48 3.17 b-d 

Green 
Sage 

45.60 24.96 20.63 a 7.04 5.60 1.42 h 

Mamoth 46.66 26.93 19.73 ab 8.25 5.05 3.19 b-d 

80  

Avolla 52.96 32.00 20.96 a 11.70 6.99 4.71 a 

Joneor 47.00 30.63 16.37 d-g 9.54 5.85 3.68 b 

Sancho 40.03 24.20 15.83 e-h 9.91 6.39 3.52 bc 

Green 

Sage 
46.56 28.13 18.43 bc 9.79 6.84 2.94 c-e 

Mamoth 51.31 30.68 20.63 a 10.16 6.53 3.63 b 

LSD ( p ≤ 0.05 ) N.S N.S 2.02 N.S N.S 0.59 

Spring season 

K- Fertilizer 

(K2O  / ha )  
Varieties 

plant fresh 

weight(gm) 

Leaf fresh 

weight(gm) 

Stem fresh 

weight(gm) 

plant dry 

weight(gm) 

laef dry 

weight(gm) 

stem dry 

weight(gm) 

0 

Avolla 39.333 d-f 24.667 bc 14.667 e-g 7.800 5.167 2.633 

Joneor 33.00 gh 20.66 de 12.33 g 5.30 3.90 1.40 

Sancho 34.33 f-h 18.00 e 16.33 d-f 6.90 5.03 1.86 

Green 

Sage 
31.66 h 19.33 e 12.33 g 5.90 4.50 1.40 

Mamoth 40.33 c-e 23.33 b-d 17.00 c-f 6.60 5.00 1.60 

40 

Avolla 45.33 ab 28.66 a 16.66 d-f 8.46 5.86 2.83 

Joneor 37.66 e-g 24.33 b-d 13.33fg 8.36 5.46 2.90 

Sancho 39.00 d-f 21.66 b-e 17.33 c-e 7.63 5.13 2.50 

Green 

Sage 
39.66 de 23.33 b-d 16.33 d-f 8.66 5.10 3.56 

Mamoth 42.33 c-e 23.33 b-d 19.00 b-d 7.50 5.30 2.20 

60 

Avolla 43.66 bc 29.66 a 20.67 a-c 9.16 5.93 3.23 

Joneor 37.66 e-g 21.00 c-e 16.66 d-f 7.73 5.03 2.70 

Sancho 42.33 c-e 23.33 b-d 19.00 b-d 9.20 6.10 3.10 

Green 

Sage 
43.00 b-d 21.00 c-e 22.00 ab 6.73 5.16 1.56 

Mamoth 43.33 bc 24.66 bc 18.67 cd 8.06 4.76 3.30 

80 

Avolla 49.00 a 28.33 a 20.67 a-c 11.00 6.40 4.60 

Joneor 43.33 bc 27.33 a 16.00 d-g 9.13 5.40 3.73 

Sancho 38.00 d-g 23.66 b-d 14.33 e-g 9.46 6.10 3.36 

Green 
Sage 

43.00 b-d 25.00 b 18.00 c-e 9.33 6.16 3.16 

Mamoth 47.66 ab 24.66 bc 23.00 a 9.83 6.20 3.63 

LSD ( p ≤ 0.05 ) 5.22 3.81 3.85 N.S N.S N.S 
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Data in  this Table 4.16 explain the interaction effect between potassium 

fertilizer and varieties due to plant forge weight of both seasons. At autumn season the 

stem fresh weight and steam dry weight respond high significantly to this effect. The 

interaction of 80 kg K2O ha
-1

 with Avolla variety gave maximum values for these 

characters with 20.96 and 4.718 gm, respectively. 

Table 4.17. Calculated (t) for the correlation coefficient.  

Autumn season 

Characters 
No. of pods / 

plant 

Weight of 

pods / plant  

Pod 

length  

No. of 

seeds / 
pod 

Weight 

of seeds / 
pod  

100-seed 

weight  

Biological 

weight  
/ plant  

Harvest 

Index 

Weight of pods / plant 

(g) 
4.937**               

Pod length (cm) 3.090** 3.402**             

No. of seeds / pod 2.786* 3.379** 2.907**           

Weight of seeds / pod 

(g) 
5.026** 3.974** 4.458** 3.472**         

100-seed weight (g) 6.276** 5.865** 4.383** 2.377* 4.778**       

Biological weight /  
plant (g) 

3.355** 6.785** 2.711* 3.296** 3.037** 3.188**     

Harvest Index 2.644* 3.679** 1.712 1.201 2.011 3.692** 0.673   

Seeds weight / plant 

(g) 
5.753** 3.853** 3.532** 3.421** 6.272** 6.339** 2.740* 2.364* 

Spring season 

Characters 

No. of  

Pods 

/plant 

Weight of 
pods 

 /  

Plant 
 

Pod 

length  

No. of 

seeds 

 / pod 

Weight 

of seeds 

 / pod  

 

100-seed 

weight  

Biological 

weight 

 /  plant 

  

Harvest 

Index 

Weight of pods / plant 

(g) 
4.797**        

Pod length (cm) 3.724** 2.798*       

No. of seeds / pod 2.171* 2.392* 2.421      

Weight of seeds / pod 

(g) 
5.496** 5.151** 4.635** 2.704*     

100-seed weight (g) 8.104** 4.473** 3.007** 1.760 3.932**    

Biological weight /  
plant (g) 

2.329* 2.054 0.640 1.417 2.459* 2.091   

Harvest Index -0.020 1.395 -0.110 -0.329 0.088 -0.136 -2.210  

Seeds weight / plant 

(g) 
3.881** 14.238** 2.179* 2.333 3.673** 3.431** 2.315* 1.320 

*. Correlation is significant at the 0.05 level (2-tailed) ,    t0.05(18)=2.101 

**. Correlation is significant at the 0.01 level (2-tailed) ,      t0.01(18)=2.878 

While the lowest values for these characters  12.26 and 1.40 was  recorded by 

the interaction between 0 kg K2O ha
-1

 and Joneor variety . 



                                                                                                                                           BEKHAL OMER 

45 
 

At spring season all characters respond non significantly to the interaction effect 

between potassium fertilizer and pea varieties except the character (stem fresh weight) 

which respond significantly to these effect. 

The interaction of  80 kg K2O ha
-1

 with Mamoth variety gave the highest stem 

fresh weight with 23.00 gm  while the interaction of  0 kg K2O ha
-1

  and Joneor variety 

gave the lowest value with  12.33 gm, and the same value recorded by the interaction of  

0 kg K2O ha
-1

  and Green sage variety. 

  Table 4.18. Correlation Coefficient.  

    Autumn season 

Characters 

No. of 

pods / 

plant 

Weight 

of pods 

/ plant 

(g) 

Pod 

length 

(cm) 

No. of 

seeds / 

pod 

Weight 

of 

seeds / 

pod (g) 

100-

seed 

weight 

(g) 

Biologi

cal 

weight 

/  plant 

(g) 

Harves

t Index 

Seeds 

weight 

/ plant 

(g) 

No. of pods / plant 1.000 
       

 
 

Weight of pods / plant (g) 0.758 1.000 
       

Pod length (cm) 0.589 0.626 1.000 
 

 

     

No. of seeds / pod 0.549 0.623 0.565 1.000 
 

     

Weight of seeds / pod (g) 0.764 0.684 0.724 0.633 1.000 
    

100-seed weight (g) 0.828 0.810 0.719 0.489 0.748 1.000 
 

 
  

Biological weight /  plant (g) 0.620 0.848 0.538 0.614 0.582 0.601 1.000 
  

Harvest Index 0.529 0.655 0.374 0.272 0.428 0.657 0.157 1.000 
 

 

Seeds weight / plant (g) 0.805 0.672 0.640 0.628 0.828 0.831 0.543 0.487 1.000 

    

     Table 4.19. Path Coefficient Analysis.  

 Autumn season 

Characters 

No. of 

pods / 

plant 

Weight 

of pods 

/ plant  

Pod 

length  

No. of 

seeds / 

pod 

Weight 

of seeds 

/ pod 

100-

seed 

weight  

Biologic

al 

weight /  

plant  

Harvest 

Index 

No. of pods / plant 0.164 0.125 0.097 0.090 0.126 0.136 0.102 0.087 

Weight of pods / plant (g) -5.013 -6.610 -4.135 -4.118 -4.518 -5.355 -5.604 -4.330 

Pod length (cm) 0.013 0.013 0.021 0.012 0.016 0.015 0.012 0.008 

No. of seeds / pod 0.144 0.163 0.148 0.261 0.166 0.128 0.160 0.071 

Weight of seeds / pod (g) 0.341 0.305 0.323 0.283 0.446 0.334 0.260 0.191 

100-seed weight (g) 0.361 0.353 0.313 0.213 0.326 0.436 0.262 0.286 

Biological weight /  plant (g) 2.987 4.083 2.593 2.954 2.803 2.893 4.815 0.755 

Harvest Index 1.8080 2.240 1.280 0.931 1.464 2.244 0.536 3.419 

Seeds weight / plant (g) 

Correlation 
0.805 0.672 0.640 0.628 0.828 0.831 0.543 0.487 
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     Table 4.20. Correlation Coefficient.  

Spring season 

Characters 

No. of 

pods / 

plant 

Weight of 

pods / plant 

(g) 

Pod 

length 

(cm) 

No. of 

seeds / 

pod 

Weight of 

seeds / 

pod (g) 

100-

seed 

weight 

(g) 

Biolog

ical 

weight 

/  

plant 

(g) 

Harve

st 

Index 

Seeds 

weight 

/ plant 

(g) 

No. of pods / plant 1.000 
       

 

 

Weight of pods / plant (g) 
0.749 

** 
1.000 

       

Pod length (cm) 
0.660 

** 

0.551 

* 
1.000 

      

No. of seeds / pod 
0.455 

* 
0.491 

* 
0.496 

* 
1.000 

     

Weight of seeds / pod (g) 
0.792 

** 

0.772 

** 

0.738 

** 

0.538 

* 
1.000 

    

100-seed weight (g) 
0.886 

** 
0.726 

** 
0.578 

** 
0.383 

n.s 
0.680 

** 
1.000 

   

Biological weight /  plant (g) 
0.481 

* 

0.436 
n.s 

0.149 
n.s 

0.317 
n.s 

0.501 

* 

0.442 
n.s 1.000 

  

Harvest Index 
-0.005 

n.s 
0.312 

n.s 
-0.026 

n.s 
-0.077 

n.s 
0.021 

n.s 
-0.032 

n.s 
-0.462 

* 
1.000 

 

Seeds weight / plant (g) 
0.675 

** 

0.958 

** 

0.457 

* 

0.482 

* 

0.655 

** 

0.629 

** 

0.479 

* 

0.297 
n.s 1.000 

 

   Table 4.21. Path Coefficient Analysis.  

Autumn season 

Characters 

No. of 

pods / 

plant 

Weight 

of pods / 

plant (g) 

Pod 

length 

(cm) 

No. of 

seeds / 

pod 

Weight 

of seeds 

/ pod (g) 

100-seed 

weight 

(g) 

Biological 

weight /  

plant (g) 

Harvest 

Index 

No. of pods / plant 0.146 0.109 0.096 0.066 0.115 0.129 0.070 -0.001 

Weight of pods / plant (g) 0.840 1.122 0.618 0.551 0.866 0.814 0.489 0.351 

Pod length (cm) 0.059 0.049 0.089 0.044 0.066 0.052 0.013 -0.002 

No. of seeds / pod 0.019 0.021 0.021 0.042 0.023 0.016 0.013 -0.003 

Weight of seeds / pod (g) -0.288 -0.281 -0.268 -0.196 -0.364 -0.247 -0.182 -0.008 

100-seed weight (g) -0.193 -0.158 -0.126 -0.084 -0.148 -0.218 -0.096 0.007 

Biological weight /  plant (g) 0.092 0.083 0.029 0.061 0.096 0.085 0.192 -0.088 

Harvest Index -0.0002 0.013 -0.001 -0.003 0.001 -0.001 -0.019 0.042 

Seeds weight / plant (g) 

Correlation 

0.675 

** 

0.958 

** 

0.457 

* 

0.482 

* 

0.655 

** 

0.629 

** 

0.479 

* 

0.297 
n.s 

 

Table 4.17 indicate to the simple correlation coefficient among 

characters at the autumn season. Number of pods per plant correlated positively 
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and high significantly with weight of pods per plant, pod length, weight of 

seeds per pod, 100 seed weight, biological weight per plant and seed weight 

per plant, while it correlated positively and significantly with number of seeds 

per pod, and harvest index.Weight of pods per plant recorded positive and 

highly significant correlation with pod length, number of seeds per pod, weight 

of seeds per pod, 100 –seed weight, biological weight per plant, harvest index 

and seed weight per plant.Pod length correlated high significantly and 

positively with number of seed per pod, weight of seeds per pod, 100-seed 

weight, and seeds weight per plant, and correlated with biological weight per 

plant positively and significantly. Number of seeds per pod recorded positive 

and highly significant correlation with weight of seeds per pod biological 

weight per plant and seed weight per plant, but correlated positively and 

significantly with 100-seed weight. The character weight of seeds per pod gave 

positive and highly significant correlation with 100-seed weight, biological 

weight per plant and seed weight per plant. The character 100-seed weight 

recorded positive and highly significant correlation with biological weight per 

plant, harvest index and seed weight per plant.Biological weight per plant and 

harvest index recorded positive and significant correlation with seed weight per 

plant. 

Data in Table 4.19 indicate to the path coefficient between characters 

and seed weight per plant.At autumn season. Maximum positive direct effect in 

seed weight per plant recorded by biological weight per plant with 4.81, while 

maximum negative direct effect in seed weight per plant recorded by weight of 

pod/plant with (-6.61). Maximum positive indirect effect in seed weight per 

plant was 4.08 recorded by weight of pod per plant via biological weight per 

plant, while maximum negative indirect (-5.60) effect was  recorded by 

biological weight per plant via weight of pods per plant. 

Data in Table 4.20 confirm that the character number of pods per plant 

recorded positive and highly significant correlation with weight of pods per 

plant, pods length, weight of seeds per pod, 100-seed weight, and seed weight 

per plant, while it correlated positively and significantly with number of seeds 
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per pod and biological weight per plant. Weight of pods per plant gave positive 

and highly significant correlation with weight of seeds per pod, 100-seed 

weight and seed weight per plant, while it correlated positively and 

significantly with pod length and number of seed per pod.The character pod 

length gave positive and highly significant correlation with weight of seed per 

pod and 100-seed weight, but it correlated positively and significantly with 

number of seed per pod, and seed weight per plant. Number of seed per pod 

gave positive and significant correlation with weight of seeds per pod gave 

positive and highly significant correlation with 100-seed weight and seed 

weight per plant, while it correlated significantly and positively with biological 

weight per plant. 100-Seed weight recorded positive and highly significant 

correlation with seed weight per plant, and biological weight per plant recorded 

negative and significant correlation with harvest index and positive and 

significant correlation with seed weight per plant. 

The path coefficient analysis between the characters and seed weight 

per plant at spring season represent in Table 4.21 The character weight of pods 

per plant recorded maximum positive direct effect in seed weight per plant with 

1.12, while weight of seeds per pod recorded maximum negative direct effect 

in seed weight per plant with (-0.36). Maximum positive indirect effect in seed 

weight per plant 0.86  was recorded by weight of seeds per pod via weight of 

pods per plant, while maximum negative indirect effect (-0.28)  was recorded 

by number of pods per plant via weight of seeds per pod. 
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5. CONCLUSIONS 

According to our results, the following conclusion can be drawn. 

1.It was clearly observed the prominent role of potassium, in which the application of ( 

80 kg K2O ha
-1

) recorded maximum value for most growth and yield characters, this due 

to its great role in plant vigor and accelerate up take of some other nutrients. 

2.Potassium fertilizer has a significant effect on the yield attributes of pea and gives the 

highest net returns and increasing soil fertility and economical status. 

3. Varieties are differed in respect to philological, yield and some yield related traits, 

and were highly affected by environments.  

4. High magnitude of variability among varieties contributed to yield components 

indicating that the Avolla variety recorded superior values for yield and most important 

components. 

5. It was confirmed that the pea yields were liable to significant fluctuation with the 

changes in environment across the growing seasons. 

6. The results showed that the winter season was better to cultivation of pea varieties 

under Suleimani condition.  

 

6. RECOMMENDATIONS 

1. Further investigation were required due to these varieties under different 

environmental conditions and different cultulard practices to ensure their performances. 

2. The presence of significant diversity within these varieties confirms to have a great 

interest in providing variable materials to further studies. 

3. According to our results we can recommend the application of (80 kg K2O ha
-1

, while 

further studies regarding the application of potassium is needed, which may lead to 

significant promotion of growth and yield pea crop.  

 

 

 

  



7.REFERENCES 

50 
 

7. REFERENCES 

 

Boyer, T.C., Stout, P.R. 1959.The Micro nutrients elements. Ann. Rev. Plant Physiol. 

10: 277. 

Evans, H.J., Wildes, R.A. 1971. Potassium and its role in enzyme activation. Potassium 

Biochem.Physiol., pp:13-39. 

 

Das, K.C., Misra, A., pendey, J. 1975. Split application of potash  for  rice  .Ind.Potash 

J., 1:13-16. 

 

Wood, R., 1979. Peas, Beans and Greens. Marshal Gavedish, Bks. Ltd. London. 51-53. 

Cutcliffe, J.A., Munro, D.C. 1980. Effects of nitrogen,  phosphorus, potassium and lime 

on yield and maturity of green peas. Canadian J. Plant Sci., 60: 599-604. 

 

Zain, Z.M., Gallagher, J.N., White, J.G.H., Reid, J.B. 1983. The effect of irrigation on 

radiation absorption, water use and yield of conventional and semi-leafless peas. 

Proceedings of the Agronomy Society of New Zealand 13: 95-102. 

 

Berry, G.J.1985. Performance of new field pea types. Proceedings of the 3rd Australian 

Agronomy Conference. January/February 1985, p. 322. University of Tasmania, Hobart. 

 

Heath, M.C., Hebblethwaite, P.D. 1985. Solar radiation interception by leafless and 

leafed peas (Pisum sativum) under contrasting field conditions. Ann. Appl. Biol. 107: 

309-318.  

 

Langer, RHM, Hill, GD.1985. Agricultural Plants. Plant Sci. Deptt. Lincoln College, 

Newzealand. 135-136. 

Snoad, B.1985. The need for improved pea-crop plant ideotypes in the pea crop.A Basis 

for Crop Improvement. Eds, Hebblethwaite, P. D., Heath, M. C. and Dawkin T. C. K.: 

pp. 31-41. 



                                                                                                                                           BEKHAL OMER 

51 
 

Srivastava, S.N.L., Verma, S.C. 1985. Effect of nitrogen, phosphorus and molybdenum 

fertilization on growth, nodulation and residual fertility in field pea. Indian J. Agric. 

Res. 19: 131-137. 

Usherwood, N.R. 1985. The role of potassium in crop quality. In: Munson, RS. (Ed.).   

Potassium in Agriculture. ASA-CSSA-SSSA, Madison, WI, USA, pp.489-513. 

 

Cawood, R.J. 1987. Productivity of conventional and new pea phenotypes in Victoria. 

Proceedings of the 4th Australian Agronomy Conference, 24-27 August, p.224. La 

Trobe University, Melbourne, Victoria. 

 

Armstrong, E.L. 1989. Seeding date and rate of conventional and semi-leafless field 

peas. Proceedings 5th Australian Agronomy Conference, p. 500. 

 

Hadavizadeh,  A. 1989. The effect of mother plant nutrition on seed yield, quality and 

vigour in peas (Pisum sativum L.).B. Sciences and Engineering, 50(5): p 1698.  

 

Naik,  L.B. 1989. Studies on the effect of plant spacing and graded levels of nitrogen, 

phosphorus and potassium on yield and yield components of mid season garden pea. 

Indian J. Hart., 46: 234-239. 

Smart,  J. 1990. Grain Legumes: Evolution and genetic resources. Cambridige 

University Press, Cambridge, UK. 200 p.   

Cote, R., Gerrath, J.M., Posluszny, U., Grodzinski, B.1992. Comparative development 

of conventional and semi-leafless peas (Pisum sativum). Can. J.Bot. 70: 571-580.  

 

Halliday, D.J. 1992. IFA world Fertilizer use Manual. pp: 632. Int. Fertilizer Ind. Assoc. 

Paris.   

Martin, I., Tenoria, J.L., Ayerbe, L.1994. Yield, growth and water use of conventional 

and semi-leafless peas in semi-arid environments. Crop Sci. 34:1576-1583. 

 



7.REFERENCES 

52 
 

Jamadagni, B.M., Birari, S.P.1994. Yield response of cowpea to varying levels of 

potassium and phosphorus on lateritic soil of Konkan region. J. Potassium Res. 10: 192-

195. 

Martin,  R.J., Jamieson , P.D., 1996. Effect of timing and intensity of drought on the 

growth and yield of field pea (Pisum sativum L.). New Zealand Journal of Crop and 

Horticultural Science 24: 167-174 

Mullins, G.L., Hajek, B.F., Wood, C.W.1996. Phosphorus in agriculture. Bull. 

NO.2.Dept. of  Agronomy and Soils, Auburn, USA.   

 

Saini, J.P., Thakur, S.R.1996. Effect of nitrogen  and phosphorus on vegetable pea 

(Pisum sativum) in cold desert area. J. Agric. Sci., 66: 514-517. 

 

Kanaujia, SP., Restogi, KB., Sharm, SK.1997. Effect of phosphorus, potassium and 

rhizobium inoculation on growth, yield and quality of pea cv. Lincolin. Journal of 

Vegetable Science, 24(2): 91-94. 

 

Sharma, D.K., Yadav, A., Sharma, R.1997. Effect of dates of sowing and phosphorus 

fertilization on growth, pod yield and disease incidence in (Pisum sativum L.). Ann. 

Agric. Res. 18: 564-566. 

 

Mengel, K., Kirkby, FA.1997. Principles of Plant Nutrition, 4th Ed. International Potash 

Institute, Bern, Switzerland, p. 685. 

 

Arshad, M., Hussain, S.A., Ali, S.A.N., Muhammad, N., Ziaullah.1998. Screening of 

pea (Pisum sativum L.) cultivars in Kohat valley. Sarhad  J. Agric. 14(6): 559-562. 

Kanaujia, S.P.,  Sharma, S.K. Rastogi, K.B.1998. Effect of phosphorus, potassium and 

Rhizobium inoculation on growth and yield of pea (Pisum sativum L.). Ann. Agric. Res. 

19: 219-221. 



                                                                                                                                           BEKHAL OMER 

53 
 

Patel, TS. Katare, DS. Khosla, HK., Dubey, S.1998. Effect of biofertilizers and 

chemical fertilizers on growth and yield of garden peas (Pisum sativum L.). Indian 

Crops Research Hisar, 15(1): 54-56. 

 

Wang, X., Warkentin, T.D., Briggs, C.J.,  Oomah, B.D., Campbel,  C.G., Woods, S. 

1998. Trypsin inhibitor activity in field pea (Pisum   sativumL.) and grass pea (Lathyrus 

sativus L.). Journal of Agricultural  and Food Chemistry 46:2620-623 

Kanaujia, S.P., Narayan, R., Narayan, S.1999. Effect of phosphorus and potassium on 

growth, yield and quality of French bean (Phaseolus vulgaris L.) cv. Contender. 

Vegetable Sci. 26: 91-92 

Mishra, S.K. 1999. Effect of nitrogen, phosphorus and seed inoculation on vegetable 

cowpea (Vigna sinensis Savi). Ann. Agric. Res.20: 308-312. 

Wiryawan, K.G., Dingle, J.G.1999 .Recent research on improving the quality of grain 

legumes for chicken growth. Journal of Animal Feed Science and Technology 76: 185-

193. 

 

Brand, T.S., Bradt, D.A.,  Merwe , J.T. van , Cruywagen, C.W. 2000. Field peas (Pisum 

sativum) as protein source in diets of growing-finishing pigs. Journal of Applied Animal 

Research 18: 159-164. 

 

Bray, E.A., Bailey-Serres, J., Weretilnyk, E.2000. Responses to Abiotic Stresses.In 

Biochemistry and Molecular Biology of Plants. Buchanan, B., Gruissem, W., Jones, R., 

Eds.; American Society of Plant Physiologists: Rockville, MD, USA; pp. 1158–1203. 

Grosjean, F., Jondreville, C., Williatte, I., Skiba, F., Carrouee, B., Gatel, F., 2000. Ileal 

digestibility of protein and amino acids of feed peas with different trypsin inhibitor 

activity in pigs. Canadian Journal of Animal Science 80: 643-652. 

 

Klir, J., 2000. Bilance rostlinných živin (Nutrient balances in agriculture) : studijní 

informace 7/1999 (Review). Prague : Inst. of Agric. and Food Information, 2000, 60 p. 

ISBN 80-7271-061-3. 



7.REFERENCES 

54 
 

 

Vorob
,
-ev-V.A., 2000. Effective inoculation of leguminous plants in relation to 

provision of phosphorus and potassium and dependence on rhizosphere  temperature . 

Agrokhimiya, 2: 42-44. 

 

Zohary, D., Hopf, M., 2000. Domestication of Plants in the Old World.3rd edition. 

Oxford University Press.p. 316. 

 

Bednar, G.E., Patil, A.R., Murray, S.M., Grieshop, C.M., Merchen, N.R.,Fahey , G.C. 

2001. Starch and Fiber Fractions in Selected Food and Feed Ingredients Affect Their 

Small Intestinal Digestibility and Fermentability and Their Large Bowel Fermentability 

In Vitro in a Canine Model. Journal of Nutrition131:276-286. 

 

Bhalarao, V.P., More, N.B., Patil, A.V., Bhoi, P.G.2001. Substitution of inorganic 

fertilizers by organics for sustaining sugarcane production and soil health. Indian Sugar 

56(6) p: 37-44.   

Cruz-Suarez, L.E., Ricque, D., Marie, M., Tapia Salazar, I., McCallum, M., Hickling, 

D., 2001. Assessment of differently processed pea (Pisum sativum) meals and canola 

meal (Brassica sp.) in diets for blue shrimp (Litopenaeus stylirostris). Aquaculture. 196: 

87-104. 

Vargas, M., Crossa, J., van Eeuwijk, F., Sayre, KD., Reynolds, MP., 2001. Interpreting 

treatment environment interaction in agronomy trails. Agronomy Journal 93, 949-960.  

 

Ali, I., Rub, A.,  Ali, S. 2002a. Performance of pea germplasm for seed yield and yield 

components under Peshawar conditions.  Sarhad. J. Agric. 18(1): 39-43. 

 

Ali, I., Rub, A., Hussain, S.A.2002b. Screening of pea germplasm for growth, yield and 

resistance against powdery mildew under the agro-climatic conditions of Peshawar. 

Sarhad J. Agric. 18(2): 177-181. 

 



                                                                                                                                           BEKHAL OMER 

55 
 

Hussain, S.A., Badshah, N., 2002. Study on the adaptive behavior of exotic pea (Pisum 

sativum L.) varities under local condition of Peshawar.  Asian J. Plant Sci. 1(5): 567-

569. 

 

Kakar, A.A., Saleem, M., Rahim Shah , Qaim Shah, S.A. 2002. Growth and marketable 

green pod yield performance of pea (Pisum sativum L.) under varying levels of NPK 

fertilizers. Asian Journal of plant sciences 1 (5): 532-534. 

Shirtliffe, S.J., Johnston,  A.M. 2002. Yield-Density  relationships and Optimum Plant 

Populations in two Cultivars of Solid-Seeded Dry Bean (Phaseolus vulgaris L.) Grown 

in  Saskatchewan. Can. J. Plant Sci. 82: 521- 529. 

 

Akhtar Nadeem, Muhammad Amjad , Muhammad Akbar Anjum., 2003. Growth and 

yield response of pea (Pisum sativum L.) crop to phosphorus and potassium application. 

Pak. J. Agri. Sci. 40: 3-4. 

 

May, W.E., Lafond, G.P., Johnson, E.N., Hogg, T., Johnston, A.M., Nybo, B., Harker 

,N.,Clayton, G. 2003. An assessment of the concept of early time of weed removal in 

field pea using natural weed populations. Can. J. Plant Sci. 83: 423-431. 

 

Thiessen, D.L., Campbell, G.L., Adelizi, P.D. 2003. Digestibility and growth 

performance of juvenile rainbow trout (Oncorynchus mykiss) fed with pea and canola 

products. Aquaculture Nutrition 9: 67-75. 

 

Urbano, G., Aranda, P., Gomez-Villalva, E. 2003. Nutritional evaluation of pea (Pisum 

sativum L.) protein diets after mild hydrothermal treatment and with and without added 

phytase. Journal of Agricultural and Food Chemistry, 51: 2415–2420. 

 

Allan, G.L., Booth, M.A. 2004. Effects of extrusion processing on digestibility of peas, 

lupins, canola meal and soybean meal in silver perch Bidyanus bidyanus (Mitchell) 

diets. Aquaculture Research 35: 981-991 

 



7.REFERENCES 

56 
 

Amjad, M., Akbar, M., Akhtar, N., 2004, Influence of Phosphorus and Potassium 

Supply to the Mother Plant on Seed Yield, Quality and Vigor and in Pea (Pisum 

sativum L.) .Asian Journal of Plant Sciences 3 (1): 108-113, 2004, ISSN 1682- 3974, 

2004 Asian Network For Scientific Information.  

 

Saeed, M., Hafiz, M.A., Muhammad S.I., Aliah, Y., Abbas, A., 2004. Impact of 

Fertilizer on Seed Yield of Chick Pea Genotypes. International Journal of agriculture & 

biology 1560–8530(06–1)108–109.  

 

Stein, H.H., Benzoni, G., Bohlke, R.A., Peters, D.N. 2004. Assessment of the feeding 

value of South Dakotagrown field peas (Pisum sativum L.) for growing pigs. Journal of 

Animal Science82: 2568-2578. 

 

Ezzat, Z.M., Khalil, K.M., Khalil, A.A. 2005. Effect of natural potassium fertilizer on 

yield , yield components and seed composition of  lentil in old and new reclaimed lands 

.Egypt J.Applied Sci., 20:80-92. 

 

Hussain, S.A., Hussain, M., Qasim, M., Hussain, B. 2005. Performance and economic 

evaluation of pea varieties at two altitudes in Kaghan Valley. Sarhad J. Agric. 21(4): 

587-589. 

Petersen, G.I., Spencer, J.D., 2006. Evaluation of yellow field peas in growing-finishing 

swine diets.Abstract 179 in Proc. ASAS Midwestern Meeting. Des Moines. IA. March 

2006. American Society of Animal Science. Savoy, IL.   

 

Singh Raiiv Kumar, Jagdish Singh, Nirmal De', Mathura Rai., 2006. Short 

communication effect of nutrient on yield and root parameters in vegetable pea. Veg. 

 Sci. 33(1): 88-90. 

 

Hatice Bozoglu, Erkut Peksen, Aysun Peksen, Ali Gulumser. 2007. Determination of 

the yield performance and harvesting periods of fifteen pea (pisum sativum L.) Cultivars 

sown in autumn and spring. Pak. J. Bot., 39(6): 2017-2025. 

 



                                                                                                                                           BEKHAL OMER 

57 
 

Kibe, A.M., Kamithi, D.K. 2007. Production Potential of Desi Chickpea Grown under 

Various Nitrogen and Planting Densities at Naivasha. Agricultural Journal. 2(4) : 520-

525. 

 

Morrison, S.C., Savage, G.P., Morton , J.D., Russell, A.C., 2007. Identification and 

stability of trypsin inhibitor isoforms in pea (Pisum sativum L.) cultivars grown in New 

Zealand. Food Chemistry 100: 1-7 

 

Nikolopoulou, D., Grigorakis, K., Stasini, M., Alexis, M.N., Iliadis, K. 2007. 

Differences in chemical composition of field pea (Pisum sativum) cultivars: effects of 

cultivation area and year. Food Chem. 103, 847–852. 

 

Reza, M., Armon, M., Shabani, A., Daryaei, A. 2007. Identification of stability and 

adaptability in advanced durum genotypes using AMMI analysis. Asian Journal of Plant 

Science 6 (8): 1261-1268. 

 

Sardana, S.R.K.,Mahajan, N.K., Gautam, Ram, B. 2007. Geneticvariability in pea 

(pissum sativum L.). Germplasm for utilization.SABRAO Journal of breeding and 

genetic 39(1) 31-41. 

 

Carciofi, A.C., Takakura, F.S, de-Oliveira, L.D. 2008. Effects of six carbohydrate 

sources on dog diet digestibility and post-prandial glucose and insulin response. Journal 

of Animal Physiology and Animal Nutrition 92: 326-336 

 

De-Oliveira, L.D.,  Carciofi, A.C., Oliveira, M.C.C., Vasconcellos, R.S., Bazolli, R. S., 

Pereira,G.T., Prada, F., 2008. Effects of six carbohydrate sources on diet digestibility 

and postprandial glucose and insulin responses in cats. Journal of Animal Science 86: 

2237-2246. 

 

Adamidou, S., Nengas, I., Henry, M., Grigorakis, K., Rigos, G., Nikolopoulou, D., 

Kotzamanis,Y., Bell, G., Jauncey, K. 2009. Growth, feed utilization, health and 

organoleptic characteristics of European seabass (Dicentrarchus labrax) fed extruded 



7.REFERENCES 

58 
 

diets including low and high levels of three different legumes. Aquaculture 293:263–

271.   

 

Bakht, T., Ijaz Ahmad Khan, M., Ishfaq Khan, Imtiaz Khan,  Mateen Khattak, A. 2009. 

Weed control in pea (Pisum sativum L.) trough mulching.Pak. J. Weed Sci. Res. 15(1): 

83-89. 

Mohammad janloo, A., Mohseni, A., Gholipouri,  A., Tobehb,  Mostafeai,  H. 2009. 

Study of effects of different levels of Nitrogen and Potassium on yield and yield 

components of rain-fed Lentil. Plant ecophysiology. Plant Ecophysiology 2: 91-94. 

Bilgili Ugur, AysenUzun, Mehmet Sincik., 2010. Forage yield and lodging forage yield 

traits in peas (Pisum sativum L.) with different leaf types. Turkish Journal of Field 

Crops 15(1): 50-53. 

 

Dahmardeh M., Ramroodi, M., Valizadeh, J. 2010. Effect of Plant Density and Culticars 

on Growth, Yield and Yield Components of Faba Bean (Vicia faba L.). Afr J. of Biot. 

9(50): 8643-8647. 

 

Danilovic, M., Soltysova, B., 2010. Nutrient management analysis in field pea pea 

(Pisum sativum L.) cultivated in the no-tillage technology. Agriculture 

(Poľnohospodárstvo) 56 (1): 18−24. 

Sato, S., Isobe, S., Tabata, S. 2010. Structural analyses of the genomes in 

legumes.Current Opinionin Plant Biology,13:146-152. 

 

Ashraf Muhammad Irfan, Muhammad Aslam Pervez, Muhammad Amjad, Rashid 

Ahmad1 and Muhammad Ayub., 2011. Qualitative and Quantitative Response of Pea 

(Pisum sativum L.) Cultivars to Judicious Applications of Irrigation with Phosphorus 

and Potassium. Pak.j. life soc. Sci. 9(2): 159-164. 

Ellis, THN., Hofer, JI., Timmerman-Vaughan, GM., Coyne, CJ., Hellens, RP. 2011. 

Mendel 150 years on. Trends Plant Sci.16:590-596. 



                                                                                                                                           BEKHAL OMER 

59 
 

Nalle, C.L., Ravindran, G., Ravindran, V., 2011. Extrusion of Peas (Pisum sativum L.): 

Effects on the Apparent Metabolisable Energy and Ileal Nutrient Digestibility of 

Broilers. American Journal of Animal and Veterinary Sciences6 (1): 25-30. 

 

Turk Mevlüt, Sebahattin Albayrak, Osman Yuksel. 2011. Effect of seeding rate on the 

forage yields and quality in pea cultivars of differing leaf types. Turkish Journal of Field 

Crops 16(2): 137-141. 

 

FAOSTAT. 2012. Available online: http://faostat.fao.org/29 September 29, 2013. 

Petr, S., Aubert, G., Burstin, J., Coyne, CJ., Ellis, NTH,. Flavell, AJ., Ford, R., Hýb M., 

Macas, J., Neumann, P., McPhee, KE., Redden, RJ., Rubiales, D., Weller, JL., 

Warkentin, TD. 2012. Pea (Pisum sativum L.) in the Genomic Era. Rev. Agron. 2:74-

115, ISSN 2073-4395. 

Rodrigues, A.M., Reis, C.M.G., Rodrigues, P.J. 2012. Nutritional assessment of 

different field pea genotypes (Pisum sativum L.). Bulgarian Journal of Agricultural 

Science 18 (4): 571-577. 

 

Shahid, M.A., Pervez, M.A., Balal1, R.M., Abbas1,T., Ayyub2, C.M., N.S., Mattson, 

Riaz, A., Iqbal, Z. 2012. Screening of pea (Pisum sativum L.) genotypes for salt 

tolerance based on early growth stage attributes and leaf inorganic osmolytes. 

Australian Journal of crop science AJCS 6(9):1324-1331. 

 

Shakoor Khanday, A.B., Uday Sharma, Pramod Kumar Dubey , Bhardawaj, S.B. 2012. 

Effect of different systems on soil physico-chemical properties and pod yield of garden 

pea pea (Pisum sativum L.). International Journal of Food, Agriculture and Veterinary 

Vol. 2 (3) May-August pp.155-160/ Khanday. 

Habtamu S., Million, F., 2013. Multivariate analysis of some Ethiopian field pea (Pisum 

sativum L.) genotypes. International Journal of Genetics and Molecular Biology 5 (6): 

78-87. 

 



7.REFERENCES 

60 
 

Helmy, M., 2013. Effect of magnettte, humic acid and biofertilizer application on 

growth, yield and quality of pea (Pisum sativum L.). ph.D. Agric.,Mnsoura Unvi.,Egypt. 

 

Khan, T.N., Ramzan,  A., Jillani, G., Mehmood, T., 2013. Morphological Performance 

of Peas (Pisum sativum) Genotypes under Rainfed conditions of Potowar Region. J. 

Agric. Res., 51(1):51- 60. 

 

Wang Min, Qingsong Zheng, Qirong Shen , Shiwei Guo., 2013. The Critical Role of 

Potassium in Plant Stress Response. Int. J. Mol. Sci.14: 7370-7390. 

DOI:10.3390/ijms14047370. 

 

Mishra, N. 2014. Growth and yield response of pea (Pisum sativum L.) to Integrated 

Nutrient Management. Journal of Plant and Pest Science (ISSN:2204-0021)1(2):87-95. 

Negash, F., Mulualem, T. 2014. The effect of ploughing, fertilizer application and 

weeding frequency on field pea (Pisum sativum L.) production at Angacha, South 

Ethiopia. Time Journals of Agriculture and Veterinary Sciences2 (7):125-131.  

 

Abdolla, B.A., 2015, response of some pea (pisum sativum L.) varaieties to      

potassium fertilizer and weed control in sulaymani conditions –Iraqi Kurdistan 

region.MSc thesis, University of sulamani, Faculty of Agricultural sciences. 

 


