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ABSTRACT

Two field experiments were carried out in newly cultivated sandy land at New Salheyia
Region, Al Sharkia Governorate in winter seasons of 2014/2015 and 2015/2016 on two faba bean
cultivars (Sakha-3 and Nubaria-1) to study improving faba bean (Vicia faba L.) growth and
productivity by increasing the effect of nitrogen using potassium fertilization. The results could by
summarized as follows: Faba bean cultivars (Sakha-3 and Nubaria-1) significantly differed in growth
characters at different stages of growth, photosynthetic pigments content per green leaves at 100 days
after sowing, as well as, yield and its components and total carbohydrate and crude protein per dry
seed, also. Sakha-3 cultivar surpassed Nubaria-1 cultivar concerning No. of branches, leaves and
pods/plant, leaves area/plant and LAI at 95 and 105 days age, meanwhile,Nubraia-1 gave the tallest
plant, branches, leaves and pods dry wt./plant compared with Sakha-3 cultivar in these growth stages.
With respect of yield and its component, Sakha-3 cultivar significantly outweighed Nubaria-1 in yield
and its components except plant height, seed index, straw yield/plant and or/fed, biological yield /fed
and RPP .., where Nubria-1 gave the highest values from these estimated characters. There was a
considerable and significant increase in growth characters at 95 and 110 days after sowing, also Chl.
A+ Chl. b, Chl. A + Chl. b ,carotenoids and Chl. A+ Chl. b, Chl./ carotenoids at 100 days age, as well
as, yield and its components except (crop index and harvest index) with increasing nitrogen fertilizer
rate up to 60 Kg N/fed. Regarding the effect of potassium rates on faba bean plants; growth characters
at 95 and 110 days age, photosynthetic pigments content except (Chl. a + Chl. b)/carotenoids), yield
and its components except (crop index and harvest index), total carbohydrate and crude protein
percentages per dry seeds responded significantly to potassium fertilization. Moreover, maximum
values from previous estimated characters was achieved under 52 kg K,O/fed.. The effect of the
interaction between cultivars x nitrogen, cultivar x potassium, nitrogen x potassium and the three way
interaction cultivar x nitrogen x potassium fertilization rates were discussed. Generally, Sakha-3
cultivar under 60 Kg nitrogen /fed. and 52 Kg K,O/fed produced the highest values from seed yield
per plant and or/fed and its components, whereas ,Nubaria-1 under fertilization with 60 Kg N/fed.+52
Kg K,O/fed. characterized with the greatest straw yield per plant and biological yield/fed..
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Introduction

Legume food crops even with high levels of agricultural technology, exhibit relatively low
yields. Yield records such as those achieved in cereals during the green revolution have not occurred
in legume crops. Vicia faba L. 1is one of the principal winter food legume crops in Egypt as a source
of vegetable proteine, To improve faba bean productivity many efforts have been made (Mohamed et
al ., 2006; El-Habbasha et al., 2007; El-Gizawy et al., 2009; El-Fouly et al., 2010; Bozorgi et al,
2011, Khalil et al., 2012; Abdallh, 2014; Ashoori, 2014 and Man Rasul, (2017).

The increase in harvest yield of faba bean in Egypt can be achieved by the introduction of new
series cultivars and the development of improved cultural practices (Ahmed et al.,1997; Hussien et
al., 2012, Bucheyeki et al, 2013).

The objective of this study was to investigate increasing faba bean (vicia faba L.) productivity
by improving the effect of nitrogen fertilizer using potassium fertilization. The study include two faba
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bean cultivars as a genetic factors and four rates of nitrogen ,as well as, thee different rates from
potassium fertilizer as example of edaphic factor.

Materials and Methods

Two field experiments were carried out at newly cultivated sandy land at new Salheyia Region,
Sharkia Governorate , during the two winter successive seasons 2014/2015 and 2015/2016 to study
improving faba bean (Faba faba L.) growth and productivity by increasing the effect of nitrogen
fertilizer by potassium application. Each experiment included 24 treatments wich were the
combination of two faba cultivars (Sakha 3 and Nubaria 1), four levels of nitrogen fertilizer (15, 30,
45 and 60 Kg N/fed), and three level of potassium fertilizer (0,26,and 52 Kg K,O/fed.) as soil
application, in a split-split plot design with three replications, where, faba bean cultivars occupied the
main plots while those of nitrogen fertilizer were allocated at random in the sub-plots and potassium
fertilizer in sub - sub plots. The experimental unit consisted of seven ridges, four meters in length and
60 cm-apart. Michcanecal and chemical analysis of the soil (0-30vn) was done according to Black,
(1983). The experimental soil (0-30) had 9.68 percent clay, 1.60 percent silt, and 88.72 percent sand
and loamy sand texture. Available N ppm was 10.60 and 11.70, available P ppm was 16.0 and 15.0,
whereas; available K ppm was 78.0 and 63.0, in 2014/2015 seasons, respectively. On the other hand
the pH of the site in the soil was 8.10 and 8.55 during the two seasons of this investigation,
respectively. Seeds of faba bean (Sakha 3 and Nubaria 1) cultivars were planted on November 8"
and 11" in 2014 and 2015 respectively, in hills 15 ¢cm apart at a seeding rate of 40 Kg/fed.. Then ; 31
Kg P»Os /fed. as calcium super phosphate (15.5% P»Os) were applied, Normal cultural practices were
followed as usual in faba bean fields. Nitrogen fertilizer was applied as ammonium sulphate 20% N at
the rate of : (A) 15 Kg N/fed. an early dose only after thinning,(B) 30 Kg N/fed., as A + 15 Kg N/fed
, 20 days later, (C) 45 Kg N/fed. as B+ 15 Kg N/fed., 20 days later and (D) 60 Kg N/fed. as (C) and
15 Kg N/fed. a second time 20 days later. Potassium fertilizer was applied in two equal doses, where,
the first half was applied after thinning and the rest second half after 20 days from onset of poddidng.

Plant height, number and dry weight of branches; leaves and pods/plant were estimated at 95 and
110 days after planting by harvesting five guarded plants as random from the middle rows of every
plot. In addition, leaves area cm? /plant was computed according to Bremner and Taha (1966), where
as leaf area index (LAI) was determined according to Watson (1952). Photosynthetic pigments
content in faba bean leaves (mg/g dry weight) were extracted by aqueous solution of 85% aceton and
calculated using Van Wetistein formula (Van Wetistein, 1957) at 100 days after sowing date.

At full maturing, plant height, number of branches and pods /plant, weight of 100 seeds (seed
index) and weight of pods/plant, seed and straw yield g/plant. Moreover, seed, straw and biological
yield Ton/fed. were determined a cording to the all plants of each plot and the converted to ton /fed.
Crop index and harvest index were estimated a cording to Abdel-Gawad er a/ (1987). Relative
photosynthetic potential (RPP) for seeds and biological yields, as well as, Vegetative organs were
calculated according to the method described by Vidovic and Pokorny (1973), where, RPP scca= Y sced
per plant /LAI , RPP pio = y vio per plant/LAI, whereas ,RPP ¢z =RPP i, -RPP v, . The dried seeds
were finally ground and keep for carbohydrate and protein determinations ,using phenol-sulphoric
acid method (Dubois et al ,1956) in case of carbohydrate, and the method described by A.O.A.C
(1980) in case of crude protein, whereas, protein was estimated by multiplying total nitrogen by the
factor 6.25.

Combined analysis of the data for two growing seasons was carried out according to the
procedure outlined by Snedecor and Cochran (1990). For comparison between means L.S.D. test was
used.

Results and Discussion
A: Cultivar differences:
Data illustrated in Table (1) show clearly that there were significant differences between the faba

bean cultivars Sakha-3 and Nubaria-1 in growth characters, i.e. plant height, number and dry weight
of each one from branches; leaves and pods/plant, leaves area cm? /plant and LAI at 95 and 110 days
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after sowing. In addition, it is clear that Sakha-3 cultivar significantly surpassed Nubaria-1 cultivar in
all previous growth estimated characters except in plant height, leaves area c¢cm’ /plant and
consequently LAI; where; Nubaria-1 had the tallest faba bean plant. Moreover, Sakha-3 cultivar
significantly outweighed Nubaria-1 cultivar in photosynthetic pigments content (i.e Chl.a, Chl.b, Chl
a+b and carotenoids in green leaves at 100 days after sowing, as well as, total carbohydrate and crude
protein percentages per dry seeds at harvest date (table 4). Regarding yield and its components; the
two faba bean cultivars under study Sakha-3 and Nubaria-1 significantly differed in plant height,
number of branches and pods/plant, seed index(100 seeds wt./g),seed and straw yields per plant and
/or per faddan, biological yield per faddan, crop indx, harvest index, RPP gcq, RPP i, and RPP g
.Furthermore,Sakha-3 cultivar had the highest significant values from number of branches and
pod/plant, seed yield/plant and or /fed., crop index, harvest index, RPP sed, RPP vio, whereas,Nubaria-
1 harvested the great mean values from plant height, seed index, straw yield/plant and or /fed,
biological yield/fed. and RPP . compared with Sakha-3 cultivar (Table 7).

On the other hand; from Table (1); plant height, number of pods/plant and pod dry weight/plant
tended to increase with advance in plant age until 110 days after sowing, meanwhile, number of
branches and number of leaves/plant, branches and leaves dry weight /plant, leaves area/plant and
LAI were decreased with advance plant age from 95 to 110 days age. The markedly decrements of
branches and leaves dry weight/plant with advancing the plant age towards maturity stage were
corresponded with substantial increment in pods dry weight/plant up to physiological maturity stage.
This could be mainly attributed to translocation of photosynthetic assimilates from vegetative to
productive organs (i.e. pods and seeds).

It is worthy to mention that the cultivars differences between faba bean cultivars in growth and
yield and its components might to the cultivar differences in partition and migration of
photosynthates, where faba bean cultivars differed in carbon equivalent of vegetative components,
seeds and straw, number of glucose g required to from 1gm of vegetative matter, seeds, straw, yield
energy per plant, as well as, coefficient energy of crop index, harvest index and migration coefficient
(Ahmed et al, 1997)and again, to the differences among faba bean cultivars in number of nodules
formed by each cultivar and consequently growth of each cultivar depended mainly on nitrogen
fixation(Tawfic et al,1991 and Ahmed et al,1997). Also, Singh et a/ (1992) and Ahmed et al
,(1997),reported that dry matter accumulation was significant differed between faba bean cultivars.

It is worthy ,the superiority of Sakha-3 cultivar among Nubaria-1 cultivar in economic yield (seeds
and or /fed.) may be due to its greatest mean values from number of branches; leaves and pods/plant
(Table-1), photosynthetic pigments content per green leaves(Table 4),as well as, number of branches
and pods/plant, crop index, harvest index, RPP scq, RPP v at harvest date compared with Nubaria-1
cultivar, meanwhile the highest values from straw yield/plant and /or fed. of Nubaria-1 compared with
Sakha-3 cultivar could be attributed to its greatest values from plant height, branches dry wt., leaves
dry wt. at 95 and 110 days age (Table 1) and plant height (Table 7).

Our results are confirmed with results obtained by Ahmed et al. (1997); Abo-ElKheir et al
(2008), Alghamdi and Ali (2004); Ahmed and El-Abagy (2007); Alghamdi (2007); Afifi et al., (2010)
Fivawo and Msolla (2012) and Bucheyeki et al (2013).

B-Nitrogen fertilization rates:

Nitrogen fertilization significantly increased growth characters (i.e. plant height, number of
branches, leaves and pods/plant, dry weight of branches; leaves and pods/plant),leaves area/plant and
LADof faba bean plants. Data observed that adding nitrogen fertilizers at the rate of 60 Kg/fed.
produced the maximum values from the previous growth characters studied compared with 15,30 and
45 kg N/fed. rates and this was true under newly cultivated sandy lands in New salheyia Region,
Sharkia Governorate ,Egypt. On the other hand ,plant height, number and dry weight of pod/plant
increased with advancing age from 95 to 110 days age ,whereas, number and dry weight of branches
and leaves/plant, leaves area/plant and LAI were decreased with advancing plant age from 95 to 110
days after sowing (Table 1).With respect of photosynthetic pigments content in green leaves at 100
days after sowing and total carbohydrate and crude protein percentages per dry seeds at harvest date
were significantly affected by nitrogen fertilization rates, where, 60 kg N/fed treatment had the
highest
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Table 1: Effect of cultivars, nitrogen and potassium fertilization rates on growth characters of faba bean plants

(Average of 2015/2016 and 2016/2017 seasons).

Growth . No. of
characters Plant height No. of leaves / No. of pods / Branches dry
cm branches/ plant plant wt. g/ plant
plant ’
Treatments 95 110 95 110 95 110 95 110 95 110
Sakha — 3 Cultivars
Nubaria — 1 123.79 | 128.55 5.03 4.62 126.48 110.7 21.06 24.65 15.01 | 13.34
128.96 | 139.78 | 4.45 4.11 107.10 96.02 18.65 22.50 17.23 | 16.01
L.S.D at 5% 1.04 2.10 0.21 0.13 2.61 1.02 1.42 0.40 0.47 0.71
Nitrogen fertilization rates
15 Kg N/ fed 122.55 | 128.44 | 4.14 | 3.60 108.55 95.92 16.26 20.5 14.04 | 13.11
30 Kg N/ fed 124.77 | 130.9 4.61 421 1165.00 99.99 18.79 22.79 | 15.72 | 14.20
45 Kg N/ fed 127.29 | 13549 | 4.95 4.71 118.61 105.54 21.24 24.92 16.76 | 15.17
60 kg N/ fed 130.89 | 140.75 5.27 4.85 124.00 112.0 23.18 26.09 17.57 | 16.24
L.S.D at 5% 1.05 1.31 0.21 0.07 091 1.22 0.34 0.04 0.52 0.37
Potassium fertilization rates
Control (unfertilized plant) | 123.77 | 131.79 | 439 | 4.10 111.81 99.30 17.16 21.38 15.01 | 13.61
26 kg K2 O/ fed 126.23 | 13453 | 477 | 4.39 118.05 103.69 | 19.56 24.16 16.12 | 14.58
52 kg Ko O/ fed 129.12 | 136.54 | 5.07 4.66 120.77 107.43 | 22.93 25.94 17.17 | 15.53
L.S.D AT 5% 1.17 0.39 0.17 0.15 1.92 0.54 0.43 0.12 0.37 0.70
Table 1: Cont.
Growth Pods dry ut. Leaves area LAI
characters Leaves dry wt. g/ plant of plgll'[ Cm?/ pant
95 110 95 110 95 110 95 110
Treatments
Sakha — 3 Cultivars
Nubaria — 1 14.27 12.78 27.60 32.71 1847.98 1707.64 2.05 1.09
16.02 14.21 28.88 | 35.11 1945.00 1782.41 2.16 1.98
L.S.D at 5% 0.85 0.26 0.08 1.13 12.10 15.80 0.01 0.03
Nitrogen fertilization rates
15 Kg N/ fed 13.21 12.10 24.30 29.37 1796.61 1687.77 2.00 1.88
30 Kg N/ fed 14.86 13.32 27.02 33.49 1849.18 1717.99 2.05 1.91
45 Kg N/ fed 16.00 14.11 30.33 35.69 1918.68 1758.16 2.13 1.95
60 kg N/ fed 16.48 14.46 31.31 37.10 2021.5 1820.19 2.25 2.02
L.S.D at 5% 0.14 0.09 0.58 1.17 11.38 13.45 0.13 0.02
Potassium fertilization rates
Control (unfertilized plant) 14.32 12.70 25.27 | 30.47 1845.13 1695.22 2.05 1.88
26 kg K2 O/ fed 15.13 13.62 2830 | 34.14 1893.71 1748.76 2.10 1.94
52 kg K2 O/ fed 15.97 14.52 35.08 | 38.66 1950.21 1794.09 2.17 1.99
L.S.D AT 5% 0.5 0.12 1.79 0.38 4.15 6.78 0.01 0.02

significant values from Chl.a, Chl.b and Chl.a+tb, carotenoids, and( (Chl.a + Chl.b) /carotenoids)per
green leaves at 100 days age and total carbohydrate and crude protein percentages per dry seeds at
harvest date (Table 4).Consequently, yield and its components of faba been plant significantly
responses to nitrogen fertilization rate, i.e., plant height, number of branches and pods/plant, seed
index, seed yield per plant and/or per fed., above ground biomass/fed., RPP scq, RPP i, and RPP ¢, .
Moreover added 60 kg N/fed. rate to faba bean plant produced the greatest mean values from yield
and its components compared with 15,30 and 45 kg N/fed. rates. On the other hand the effect of
nitrogen fertilization rates on crop index and harvest index failed to reach the significant level at 5%
(Table 7).

It is worthy that, plants required nitrogen element in comparatively large amounts than other
elements for plant growth. An essential component of many compound of the plant is nitrogen such as
chlorophyll, carotenoids, protein, alkaloids, enzymes, hormones and vitamins (Marschner, 1995). For
harvesting an optimal yield, must be in sufficient to improving plant yield, where, nitrogen
deficiency generally results in growth parameters, chlorotic leaves because the lack of nitrogen limits
the synthesis of proteins and chlorophyll (Ihsanullah ez a/, 2008).In addition, nitrogen application with
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proper amount of nitrogen can case to increase plant growth, chlorophyll content and yield and yield
attributes (Man Rasul, 2017).

Generally, our obtained results of the positive response of faba bean plants to nitrogen fertilizer,
i.e. growth characters, photosynthetic pigments and yield as well as , yield attributes are confirmed
with results reported by Saaba et al. (2006); Thsanullah et al. (2008); Bozorgi et al (2011); Khalil et
al. (2012); Ashoori (2014) and Mam Rasul (2017).

C-Effect of Potassium rates:

Adding potassium fertilizer plants caused an significant effects on growth attributes at 95 and 110
days after sowing (Table 1), on photosynthetic pigments content per green leaves at 100 days after
sowing (except( Chl.a + Chlb ) /carotenoids);as well as ;total carbohydrates and crude protein
percentages per dry seeds (Table 4)and yield and its components (except crop index and harvest
index)(Table 7).

Adding 52 kg K,O/fed. to faba bean plants outyielded the greatest significant values from plant
height; number and dry weight of branches; leaves; and pods/plant, leaves area/plant and LAI at 95
and 110 days after sowing date (Table 1), from Chl.a, Chl.b, Chl.a + Chl.b and carotenoids per green
leaves at 100 days age; also, total carbohydrates and crude protein percentage per dry seeds at harvest
date (Table 4),and from plant height, number of branches and pods /plant, seed index, seed and straw
yields per plant and/or per fed., biological yield/fed., RPP g ,RPP i and RPP ., (Table 7)
compared with control treatment (unfertilized plants) and 26 kg K,O /fed. The positive effect of
potassium fertilizer on growth parameters, photosynthetic pigments content, yield and its components,
as well as, total carbohydrate and crude protein per dry seeds at harvest date may be due to K ion
which considered as one of the main factors affecting the growth characters, chemical constituents
and yield its components through its effect on sugar content, respiration rate, and the absorption
capacity for different nutrients (Ahmed et al, 1994). Moreover, potassium is the third major element
taken up by the plant and plants absorb it in large amount as compared to other minerals except
nitrogen, also, potassium has utmost importance for imparting drought and disease resistance and
synergistic effect with nitrogen and phosphorus (Zaki et a/,2013,Mufilinge et al, 2014,and Ahmed et
al, 2015).In addition, potassium influences the water economy and crop growth through its effects on
water uptake, root growth, maintenance of turgor, transpiration and stomatal regulation (Mfiling et
al,2013).Furthermore ,Raza et al(2013) reported that potassium improve physiological and nutrient
uptake performances of wheat.

It is worthy to mention that many other investigators confirmed with our finding of the positive
effect of potassium fertilizer on faba bean plants growth such as Zaho et al., (2001); Kuradali et al.
(2002); Akhtar et al. (2003); Singh and Kuhad (2005); Asghar et al. (2007); Shrma et al. (2008); Jin
et al (2011); Kilavat and Modi (2012); Zaki et al/ (2013); Mfiling et al (2014) and Ahmed et al.
(2015), with Collins et al. (1981); Zaho et al. (2001); Jin et al. (2011) and Mfilinge (2014) in the
effect of potassium fertilization on photosynthetic pigments content and photosynthesis of plants ;as
well as; with Bansal et al. (2001); Kurdali et al. (2002); Akhtar et al (2003); Amjad et al. (2004);
Boulbaba et al. (2005); Singh and Kuhad (2005); Asghar et al (2007); Sharma et al. (2008); Kilavat
and Modi (2012); Zaki et al. (2013) and Ahmed et al. (2015) in the effect of potassium fertilization
for improving yield and its components and seed quality.

D-Effect of the interaction
D1-The interaction cultivars x nitrogen rates

Table (2) observed clearly that plan height, number and dry weight of each one from branches;
leaves and pods/plant, leaves area plant and LAI significantly responses by the interaction between
faba bean cultivars and nitrogen fertilization rates at 95 and 110 days after sowing. Moreover plant
height, number of pods/plant and pods dry weight/plant tended to increase with advancing plant age
up to 110 days after sowing date, whereas; number and dry weight of branches and leaves/plant,
leaves area/plant and LAI were decreased with advancing plant age from 95 to 110 days after sowing.
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Table 2: Effect of the interaction between cultivars * N, cultivars * K, and N * K fertilization rates on growth
characters of faba bean plants. (Average of 2014/2015 and 2015/2016 seasons).

Plant height No. of No. of leaves / No. of pods / Branches dry
Interaction cm branches/ plant plant plant wt. g/ plant
95 110 95 110 95 110 95 110 95 110
Interaction Cultivars * N rates
15kg N 121.10 125.88 4.56 3.94 118.18 100.83 | 17.27 | 21.67 13.21 11.26
30KgN 123.03 127.00 4.83 4.45 124.71 105.3 20.33 23.5 14.52 12.51
Sakha — 3
45KgN 124.57 128.65 5.17 4.88 127.36 114.0 | 22.35 25.92 15.86 14.04
60 Kg N 126.45 132.67 5.57 5.22 135.67 122.67 | 24.27 27.5 16.27 15.45
15KgN 124.0 131.0 3.72 345 98.92 91.00 15.25 19.33 15.43 14.85
30KgN 126.5 134.8 4.39 3.97 107.28 94.67 17.25 22.08 16.91 15.88
Nubaria — 1 109.86
45KgN 130.0 144.33 4.72 4.53 ’ 97.86 | 20.08 | 23.92 17.65 16.3
60 Kg N 135.33 149.00 4.97 4.47 112.33 101.33 | 22.08 24.67 18.87 17.02
L.S.Dat5% 1.47 1.83 0.29 0.06 1.27 1.71 0.48 0.06 0.73 0.52
Interaction between cultivars * K rates
121.66 126.48 4.59 4.25 119.00 | 104.56 | 17.94 22.5 13.97 12.61
Sakha —3 26 Kg 123.45 128.36 5.08 4.61 128.92 111.44 | 20.73 24.19 15.15 13.43
521 kg 126.23 131.58 5.42 4.92 131.78 116.13 24.5 27.5 15.82 14.42
0.0 125.88 137.1 4.19 3.94 104.61 94.03 16.38 20.25 16.04 14.61
Nubaria -1 26 kg 129.00 140.75 4.46 4.17 107.17 95.94 18.38 24.13 17.08 15.73
52kg 132.00 141.50 4.71 4.40 109.76 98.73 21.35 24.38 18.51 16.63
LS. Dat5% 170 057 | 025 | 022 | 28 | 079 | 063 | 0.18 0.54 1.03
interaction between N* K rates
0 120.63 126.05 3.84 3.25 104.25 91.63 14.00 18.50 12.87 11.66
15kg N 26 122.3 128.38 4.09 3.75 109.34 95.38 16.78 19.5 14.52 13.16
25 124.65 130.9 4.50 4.09 112.01 100.75 | 18.00 23.0 15.68 14.34
0 122.65 128.35 4.17 3.96 109.95 96.5 16.00 | 21.50 14.81 12.88
30kg N 26 125.8 132 4.75 4.25 118.0 100.5 18.00 | 23.13 15.77 14.09
52 127.3 135.25 4.92 4.59 120.05 103.0 | 22.48 25.5 16.57 14.85
0 123.95 135.75 4.59 4.42 114.52 102.4 18.13 22.5 14.23 15.69
45kg N 26 127.4 138.0 5.00 4.63 119.5 106.5 20.4 27.5 16.69 14.97
52 130.5 137.25 5.25 4.84 122.32 109 25.13 26.75 16.91 14.97
0 126.5 136.5 4.96 4.75 118.5 106.67 | 20.5 24.25 16.65 15.73
60 kg N 26 130.0 140.5 5.25 4.92 12534 | 112.38 | 23.03 26.5 17.49 16.50
52 132.5 143.0 5.59 5.13 128.67 116.95 | 26.00 28.5 18.5 16.74
L.S.D AT 5% level 1.46 0.49 0.21 2.40 0.68 0.54 0.15 0.46 0.88 1.75
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Table 2: Cont.

Leaves dry ut. g/ plant Pods dry wt. Leaves area LAI
Interaction g/ plant Cm?2/ pant
95 110 95 110 95 110 95 110
Interaction Cultivars * N rates
15kgN 12.53 11.46 23.75 28.06 1768.52 1644.33 1.96 1.83
30KgN 13.70 12.44 26.48 32.81 1807.78 1675.85 2.00 1.86
Sakha - 3 45KgN 15.27 1342 29.66 33.95 1869.58 1732.12 2.08 1.90
60 Kg N 15.5 13.81 30.51 36.00 1946.02 1786.25 2.16 1.98
15KgN 13.89 12.73 24.85 30.67 1824.69 1731.21 2.03 1.92
30KgN 16.02 14.20 27.56 34.17 1890.57 1960.12 2.10 1.96
Nubaria =11 45 ko N 16.72 14.79 30.99 37.43 1967.77 1784.19 2.19 1.98
60 Kg N 17.46 15.11 32.12 38.19 2096.97 1854.13 2.33 2.06
L.S.llzvitl % 0.20 0.13 0.81 1.64 15.93 18.83 0.18 0.03
Interaction between cultivars * K rates
13.61 11.8 24.43 29.40 1806.68 1670.81 2.01 1.87
Sakha — 3 26 Kg 14.35 12.76 27.83 33.66 1840.28 1716.96 2.04 1.91
521 kg 14.79 13.65 30.55 36.14 1895.98 1741.10 2.11 1.93
0.0 15.03 13.59 26.10 31.54 1883.57 1719.62 2.09 1.91
Nubaria -1 26 kg 1591 14.48 28.77 34.62 1947.14 1780.55 2.16 1.98
52kg 17.15 15.38 39.6 39.18 2004.43 1847.07 223 2.05
L.S. DAT 5% 0.74 0.18 2.63 0.56 6.10 9.97 0.015 0.03
interaction between N*X rates
0 11.97 10.67 21.21 26.4 1769.85 1639.24 1.97 1.82
15kgN 26 13.37 12.24 25.063 28.79 1786.06 1682.65 1.98 1.87
25 14.29 13.38 26.64 3291 1833.65 1739.92 2.04 1.93
0 14.05 12.25 25.00 29.66 1802.09 1731.63 2.00 1.92
30kg N 26 14.74 13.26 27.11 33.18 1884.7 1731.13 2.09 1.92
52 15.79 14.19 28.96 37.84 1898.8 1753.23 2.11 1.94
0 15.31 12.86 26.60 32.49 1857.05 1703.03 2.06 1.89
45kg N 26 15.88 14.46 30.13 37.01 1928.65 1764.21 2.14 1.96
52 16.30 15.00 34.24 39.73 1970.03 1807.24 2.19 2.01
0 15.90 13.37 28.26 33.33 1951.25 1769.48 2.17 1.97
60 kg N 26 16.54 14.53 30.9 37.60 2015.48 1816.17 2.24 2.02
52 17.00 15.49 34.8 40.36 2097.83 1874.45 2.33 2.08
L.S.D AT 5% level 0.15 2.24 0.05 n.s 5.19 8.48 0.013 0.03

Again; S akha-3 cultivars plants fertilized with 60 kg N/fed. out yield the greatest mean values from
number of branches/plant, number of leaves/plant and number of pod/plant, meanwhile, Nubaria-1
cultivars when treated with 60 Kg N/fed., also, characterized by its highest values from plant height,
branches; leaves and pods dry weight/plant, leaves area/plant and LAI at 95 and 110 days age.

Concerning photosynthetic pigments content per green leaves at 110 days age and carbohydrate
as well as crude protein percentages per dry seeds at harvest date, data illustrated in Table (5) indicate
that the effect of the interaction between faba bean cultivars and nitrogen fertilization rates was
significant. In addition, adding, 60 k N/fed. to Sakha-3 plants harvested the greatest mean value from
Chl.a, Chl.b, Chl.(a+b), carotenoids per green leaves and from total carbohydrate and crude protein
per dry seeds.

With respect of yield and its components, Table (8) show clearly that the effect of the interaction
between faba bean cultivars and nitrogen fertilization rates was significant except on crop index.
Generally, soil application with 60 k N/fed. to Nubaria-1 cultivars produced the greatest mean values
from plant height, seed index, straw yield per plant and/or fed.; as well as; biological yield/fed., RPP
vio and RPP ¢, , while adding 60 kg N/fed. to Sakha-3 cultivars gave the highest values from number
of branches and pods/fed., seed yield/plant and or/fed. and RPP ..q at harvest date.
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Table 3: Effect of interaction between faba bean cultivars, nitrogen and potassium fertilization rates on growth

characters of faba bean plants (Average of 2011/2015 and 2015/2016 seasons).

No. of

Plant height No. of leaves / No. of pods / Branches dry
branches/
Cultivars N K20 cm plant plant plant ul. g/ plant
u Kg/fed | Kg/fed.
95 110 95 110 95 110 95 110 95 110
0 119.25 124.1 417 | 333 111.75 94.25 15.00 | 19.00 | 11.92 11.07
15 26 120.6 12575 | 4.50 | 4.00 | 119.67 | 100.75 17.8 21.00 | 13.78 11.95
52 123.3 127.8 5.00 45 123.13 107.5 19.00 | 25.00 | 14.12 12.87
0 120.8 1253 433 | 417 115.9 100.0 17.00 | 21.50 | 13.75 11.42
30 26 122.5 1267 5.00 | 4.50 128.0 106.0 19.00 | 23.00 | 14.82 12.91
52 125.3 129.0 517 | 4.67 | 130.25 110.0 25.00 | 27.00 | 15.00 13.21
Sakha - 3
0 121.9 127.5 4.67 4.5 120.00 109.0 18.75 | 24.00 | 14.87 13.12
45 26 124.8 129.0 533 | 4.5 129.0 115.0 21.8 2575 | 15.92 13.65
52 127.0 132.5 5.5 5.00 | 132.75 118.0 26.5 28.0 16.78 15.34
0 124.7 129.0 5.17 5.00 128.0 115.0 21.00 | 25.50 | 15.33 14.91
60 26 125.9 132.0 5.5 5.17 139.0 124.0 24.3 27.00 | 16.08 15.19
52 1288 1370 6.00 5.5 141.0 129.0 27.5 30.00 | 17.39 16.25
0 122 128 35 3.7 96.75 89.0 13.00 | 18.00 | 13.81 12.24
15 26 124 131 3.67 3.5 99.00 90.0 1575 | 18.00 | 15.26 14.37
52 129 138 4.67 45 109.85 96.0 19.75 | 24.00 | 18.13 16.48
0 124.5 131.1 4.00 | 3.75 104.0 93.0 15.0 19.0 15.87 14.34
30 26 126 135 45 4.0 108.0 95.0 17.0 | 23.25 | 16.72 15.26
52 129 138 4.67 4.5 109.85 96.0 19.75 | 24.00 | 18.13 16.48
Nubaria — 1
0 126 144 4.5 433 108.7 95.8 17.5 21.00 16.5 15.33
45 26 130 147 4.67 4.5 11.0 98.0 19.00 | 2525 | 1745 16.28
52 134 147 500 | 4.67 | 111.85 100 23.75 25.5 18.92 17.00
0 131 145 475 | 415 109 98.33 20.0 23.0 17.96 16.54
60 26 136 150 500 | 4.67 | 111.67 | 100.75 | 21.75 26.0 18.9 17.00
52 139 152 5.17 | 475 116.33 104.9 24.5 27.00 | 19.74 | 17.213
.83 1.81 0.61 0.27 | 023 3.00 0.84 0.67 0.19 0.58 1.09
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Table 3: Cont.

Leaves dry wt. g/ Pods dry wt. Leaves area LAI
Cultivars N K20 plant g/ plant Cm?2/ pant

Keg/fed | Kg/fed. 95 110 95 110 95 110 95 110
0 1153 | 1029 | 20.15 25.88 17475 1600.0 1.94 | 1.79
5 26 2.84 1151 | 25.00 28.11 1762.85 1647.0 196 | 1.83
52 1321 | 1258 | 26.09 30.20 1795.2 1686.0 199 | 1.87
0 1320 | 11.61 | 2423 28.7 1768.4 1637.8 195 | 1.82
30 26 1372 | 1200 | 2671 32.94 1607.95 1889.75 200 | 1.88
52 1418 | 1317 | 2851 36.78 1847.0 17.000 205 | 1.89
Sakha - 3 0 1471 | 1230 | 2578 31.00 18133 1700.19 202 | 1.89
45 26 1534 | 1390 | 29.59 36.60 1873.5 17337 208 | 1.93
52 1575 | 1406 | 33.66 38.56 1921.95 1762.48 2.14 | 1.9
0 1500 | 1298 | 27.54 32.00 1897.5 1745.25 211 | 1.94
6 26 1549 | 13.64 | 30.00 37.0 1920.8 1797.6 213 | 1.9
52 16.00 14.8 34.00 39.00 2019.76 1815.9 224 | 2.02
0 1241 | 1105 | 2227 26.92 1792.69 1678.5 1.99 | 1.87
s 26 1389 | 1297 | 25.11 29.47 1809.27 1718.3 201 | 191
52 1739 | 1521 | 29.41 38.50 1950.6 1806.45 217 | 2.01
0 16.9 1289 | 25.76 30.6 1835.77 1700.1 204 | 189
30 26 15376 | 1451 | 2751 33.41 1885.35 1773.5 209 | 198
52 1739 | 1521 | 29341 | 3850 1950.6 1806.45 217 | 2.01
Nubaria -1 0 1590 | 1341 | 2741 33.97 1900.8 1705.86 211 | 1.90
45 26 1641 | 1501 | 30.67 37.42 1983.8 1794.71 220 | 1.99
52 1785 | 1594 | 34.88 40.9 2018.7 1852.0 233 | 2.06
0 1680 | 13.75 | 28.97 | 34.655 2005.0 17937 223 | 193
6 26 1759 | 1541 31.8 38.19 2110.15 1935.7 234 | 2.04
52 18.00 | 16.17 35.6 41.72 2175.9 1933.0 242 | 215
0.83 0.78 0.19 2.79 0.59 6.47 10.58 0.02 | 0.03

D2: Effect of interaction between cultivars and potassium rat:

The interaction between faba bean cultivars and potassium fertilization rates caused an significant
effects on growth parameters at 95 and 110 days after sowing. In addition, Sakha-3plants gave the
greatest values from number of branches, leaves and pods/plant, while; Nubaria-1 cultivar plants
yielded the tallest faba bean plant, branches, leaves and pods dry weight/plant, leaves area/plant and
LAI at 95 and 110 days after sowing under 52 kg K,O/fed. fertilization rate. However, number and
dry weight of branches and leaves/plant, leaves area/plant and LAI were decreased with advancing
plant age from 95 to 110 days age. On the contrary; plant height, number and dry weight of pods/plant
were increased after 95 days after sowing date (Table 2).

Data illustrated in Table (5) observed that photosynthetic pigments content per green leaves at 100
days age (except (Chl. a +Chl. b)/carotenoids)) and total carbohydrate as crude protein percentages
per dry seeds significantly responses to the interaction between cultivars and potassium fertilization
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rate. Furthermore, Sakha-3 cultivars fertilized with 52 kg K>O/f ed. produced the greatest values from
the previous estimated parameters in comparison with other treatments under study.

Regarding yield and its components; Table (8) gave an evidence that the effect was significant on
estimated yield and its components except crop index, also; Sakha-3 plants; characterized by its
greatest values from number of branches, pods/plant, seed yield/plant and/or fed., RPP scq and RPP o
when fertilized with 52 kg K,O/fed. whereas; Nubaria-1 cultivar had the highest mean values from
plant height, seed index, straw yield per plant and/or fed., biological yield/fed., and RPP ., under 52
kg K,O/fed., also, compared with other treatments under study.

Table 4: Effect of cultivars, nitrogen and potassium fertilization rates on photosynthetic pigments control per
green leaves, and chemical constituents per dry seeds (Average of 2014/2015 and 2015/2016 seasons).

N K Photosynthetic pigments content per green leaves mg/gm dry weight at Total Crude
. 100 days after sowing protein
Cultivars Kg/ kg/ carbohydrates %
fed. fed. | Chl.a | Chl.b Chl.a+b Carotenoids (chl.a+ Chvl' ®) per seeds %o per
/ carotenoids seeds
Sakha - 3 4.05 1.55 5.60 3.13 1.79 2391 68.67
Nubaria 1 3.97 1.48 5.45 3.04 1.79 23.73 68.00
L.S.D at 5% level 0.02 0.05 0.08 0.04 n.s 0.09 0.14
15 391 1.43 5.34 3.00 1.78 23.57 67.33
30 3.99 1.47 5.46 3.08 1.77 23.66 68.44
45 4.05 1.54 5.59 3.10 1.80 23.94 68.75
60 4.10 1.63 5.73 3.15 1.82 24.12 68.82
L.S.D at 5% level 0.03 0.06 0.09 0.02 0.02 0.14 0.01
0.0 3.98 1.48 5.46 3.04 1.80 23.74 67.90
26 4.01 1.52 5.53 3.09 1.79 23.80 68.39
52 4.05 1.56 5.61 3.13 1.79 23.92 68.72
L.S.D at 5% level 0.01 0.04 0.07 0.03 n.s 0.11 0.20

D3- Effect of the interaction between nitrogen and potassium fertilization rates:

The interaction between nitrogen and potassium fertilization rates was significant on growth
characters at 95 and 110 days age (Table 2),photosynthetic pigments content per green leaves at 100
days after sowing date/and total carbohydrate; crude protein percentages per dry seeds, also; (Table
5), and yield and its components except, crop index at harvest date (Table 8). Generally; adding 60 Kg
N/fed. + 52 Kg K»O /fed. to faba bean plants was the most favorable fertilization rates to produce the
greatest growth characters (Table 2), photosynthetic pigments content per green leaves at 100 days
age, as well as; total carbohydrate and protein percentages per dry seeds (Table 5), in addition; each of
plant height, number of branches and pods/plant, seed index, seed and straw yields/plant and/or fed.
and biological yield/fed. at harvest (Table 8). On the other hand, 15 Kg N/fed. +26 Kg K,O/fed., 60
Kg N/fed. + 26 Kg K»O/fed., 45 Kg N/fed. + 26 Kg K,O/fed and 60 N /fed.+ 0.0 K,O/fed. gave the
highest harvest index, RPP .4 RPP i, and RPP . at harvest date, respectively.

D4- Effect of the three way interaction cultivars * nitrogen * K>O

It is worthy mention that the three way interaction between faba bean cultivars, nitrogen and
potassium fertilization rates had an significant effects on growth characters at 95 and 110 days age
(Table 3), photosynthetic pigments content per green leaves at 100 days age except (Chl. a + Chl.
b/carotenoids and each of total carbohydrate and crude protein percentages per dry seeds (Table
6),and yield and its components except crop index and harvest index (Table 9). Generally, Sakha-3
cultivar fertilized with 60 Kg N/fed. + 26 Kg K,O/fed. was the most favorable treatment to gave the
greatest value from number of branches, leaves and pods/plant at 95 and 110 days age (Table 3);
photosynthetic pigments per green leaves; and total carbohydrate and crude protein per dry
seeds(Table 6), in addition; number of branches , pods/plant, seed yield / plant and/or fed. at harvest
date. On the other hand, Sakha-3 cultivar plants fertilized with 45 Kg N + 52 Kg K,O/fed. outyielded
the highest RPP s.q and RPP vio. With respect of Nubaria-1 cultivars, it has the highest plant height,
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dry weight of branches, leaves and pods/plant, leaves area/plant and LAI at 95 and 110 days age
(Table 3), and plant height, seed index straw yield per plant and/ or fed. and biological yield/fed.
under 60 Kg N +52 K,O/fed. fertilization rate and RPP ., when fertilized with 60 Kg N/fed. [+ 0.0
K+ 0.0 K>O/fed..

Table 5: Effect of the interactions between cultivars * N, cultivars *K and N*k per fertilization rates on
photosynthetic pigments content per green leaves, and chemical constituents of seeds (Average of
2014/2015 and 2015/2016 seasons).

Photosynthetic pigments content per green leaves mg/gm dry

) i Total Crude
weight at 100 days after sowing .
Treatments carbohydrates | protein %
Chl. a Chl.b | Ch.la & chl. b (chl.a + ch.lb)/ o
) % Per seeds per seeds
carotenoids
Interaction of cultivars *N rates
15 kg 3.94 1.46 5.40 3.06 1.76 23.66 67.50
30 kg 4.02 1.49 5.52 3.11 1.68 23.76 68.68
Sakha-3
45 kg 4.08 1.56 5.64 3.13 1.80 24.05 69.21
60 kg 4.15 1.68 5.83 3.20 1.82 24.17 69.28
Nubaria-1 15 kg 3.87 1.39 5.26 2.93 1.80 23.48 67.15
30 kg 3.95 1.44 5.39 3.05 1.77 23.55 68.20
45 kg 4.01 1.52 5.53 3.07 1.80 23.82 68.29
60 kg 4.05 1.58 5.63 3.10 1.82 24.06 68.36
L.S.D at 5% level 0.04 0.08 0.13 0.03 0.03 0.20 0.014
Interaction of cultivars * K rates
0.0 4.02 1.50 5.52 3.10 1.78 23.81 68.15
Sakha-3 26 4.05 1.55 5.60 3.12 1.79 23.89 68.82
52 4.08 1.58 5.66 3.16 1.79 24.04 69.03
0.0 3.94 1.45 5.39 2.98 1.81 23.66 67.64
Nubaria -1 26 3.96 1.48 5.44 3.05 1.78 23.70 67.90
52 4.01 1.53 5.54 3.09 1.79 23.80 68.41
L.S.D at 5% level 0..01 0.06 0.10 0.04 n.s 0.16 0.29
Interaction of N* K rates
0.0 3.88 1.40 5.28 2.97 1.78 235 66.68
15kgN 26 3.90 1.43 5.33 3.00 1.78 23.53 67.78
52 3.95 1.44 5.39 3.02 1.78 23.69 67.78
0.0 3.95 1.41 5.36 2.99 1.79 23.56 67.95
30kg N 26 3.94 1.47 5.41 3.04 1.78 23.62 68.45
52 4.02 1.50 5.52 3.13 1.76 23.79 68.93
0.0 4.01 1.50 5.51 3.6 1.80 23.86 68.42
45 kg N 26 4.04 1.54 5.58 3.11 1.79 23.91 68.79
52 4.08 1.66 5.74 3.15 1.82 24.04 69.06
0.0 4.07 1.58 5.65 3.11 1.82 24.04 68.53
60 kg N 26 4.10 1.62 5.72 3.14 1.82 24.12 68.79
52 4.14 1.90 5.83 3.20 1.82 24.16 69.14
L.S.D at 5% level 0..01 0.05 0.09 0.04 0.07 0.14 0.25
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Table 6: Effect of the interactions between cultivars * N*K, fertilization rates on photosynthetic pigments
content per green leaves, and chemical constituents of seeds (Average of 2014/2015 and 2015/2016

seasons).
N K20 Photosynthet%c pigments content pefr green leaves mg/gm dry Total Crud.e
Cultivars Ke/ ke/ weight, at days after sowing (Average of carbohydrates, % protein
feed feed cht Chlb Chl. a* Carotenoids (chla+ Ch,l'b) per seeds Yo per
a b / carotenoids dry seeds

0.0 3.91 1.43 5.34 3.05 1.75 23.57 66.72

15 29 3.43 1.46 2.39 3.05 1.77 23.61 67.85

52 3.98 1.48 5.46 3.09 1.77 23.81 67.92

0.0 3.98 1.45 5.43 3.08 1.76 23.64 68.11

30 26 4.02 1.49 5.51 3.12 1.77 23.75 68.76

Z 52 4.05 1.52 5.57 3.14 1.77 23.88 69.16
:E: 0.0 4.05 1.51 5.56 3.11 1.79 23.96 63.84
” 45 26 4.08 1.56 5.64 3.13 1.80 24.00 69.00
52 4.10 1.62 5.72 3.16 1.81 24.19 69.45

0.0 4.12 1.62 5.74 3.16 1.82 24.07 68.92

60 26 4.16 1.67 5.83 3.19 1.83 24.18 69.35

50 4.18 1.74 5.92 3.24 1.83 24.27 69.57

0.0 3.84 1.37 5.21 2.89 1.80 23.42 66.64

15kg 26 3.86 1.39 5.25 2.95 1.78 23.45 67.19

52 3.91 1.42 5.33 2.96 1.80 23.56 67.63

0.0 3.92 1.40 5.32 2.98 1.79 23.47 67.78

_ 30kg 26 3.95 1.45 5.40 3.07 1.76 23.48 68.14
K 52 3.90 1.47 5.46 3.11 1.76 23.69 68.69
_§ 0.0 3.96 1.48 5.44 3.00 1.81 23.76 68.00
2 45kg 26 4.00 1.52 5.52 3.08 1.79 23.82 68.25
52 4.06 1.57 5.63 3.13 1.80 23.89 68.61

0.0 4.02 1.53 5.55 3.06 1.81 24.00 68.13

60kg 26 4.03 1.57 5.60 3.09 1.81 24.05 68.25

52 4.09 1.64 5.73 3.15 1.82 24.13 68.70

L.S.D at 5% level 0.02 0.06 0.11 0.05 n.s 0.17 0.31

Table 7: Effect of cultivars, nitrogen and potassium fertilization rates on yield and its components of faba bean
plants (Averages of 2014/2015 and 2015/2016 seasons).

Yield and its
gomponents Plant height No. of No. of pods/ | Seed index | Seed yield g/ Straw yield Seed yield
cm branches/ lant lant / plant Ton/ feed
plant p g p gp o
Treatments
Cultivars
Sakha -3 128.07 4.42 33.68 83.37 64.13 72.58 1.63
139.24 3.94 30.75 91.40 62.56 77.84 1.55
L.S.D at 5% level 2.67 0.30 1.45 2.96 1.25 0.86 0.04
Nitrogen fertilization rates
15 kg N/ feed '127.80 3.56 28.66 82.74 58.39 70.02 1.54
30 kg N/ feed 129.77 4.0 30.17 86.64 61.70 72.24 1.57
45 kg N/ feed 138.75 4.48 33.92 88.97 65.6 77.93 1.60
60 kg N/ feed 139.92 4.69 36.38 91.19 67.69 80.71 1.65
L.S.D at 5% level 0.24 0.01 1.47 1.35 0.45 1.30 0.04
Potassium fertilization rate
Control (unfertilized 129.16 3.90 30.17 84.30 59.91 72.86 1.55
plants)
26 kg ky0 / feed 133.71 4.19 32.31 87.02 64.02 75.16 1.59
52 kg k,0 / feed 136.26 448 34.37 90.92 66.04 77.73 1.63
L.S.D AT 5% level 0.69 0.18 1.22 1.23 0.49 1.27 0.03
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Table 7: Cont.

Yield and its
components . Biological
Straw yield . . . RPP sea g/ RPP vio g/ RPP v g/
Ton/ feed ylelfge'l(;on/ Crop index | Harvest index LAT LAT LAT
Treatments
Cultivars
Sakha -3 1.99 3.62 045 0.82 33.70 71.81 38.11
2.15 3.70 0.42 0.72 31.61 70.96 39.35
L.S.D at 5% level 0.03 0.05 0.02 0.11 1.01 0.46 0.21
Nitrogen fertilization rates
15 kg N/ feed 1.87 3.41 0.45 0.82 31.12 68.3 37.18
30 kg N/ feed 2.04 3.61 0.43 0.77 32.30 70.07 37.77
45 kg N/ feed 2.15 3.75 0.43 0.74 33.55 73.41 39.86
60 kg N/ feed 2.24 3.89 0.42 0.74 33.65 73.77 40.12
L.S.D at 5% level 0.07 0.06 n.s n.s 0.09 0.13 0.16
Potassium fertilization rate

Control (unfertilized plants) 2.02 3.57 0.43 0.77 31.89 70.63 38.74
26 kg ky0 / feed 2.08 3.67 0.43 0.76 32.95 71.74 38.79
52 kg k,0 / feed 2.12 3.75 0.43 0.77 33.14 72.00 38.86
L.S.D AT 5% level 0.04 0.02 n.s n.s 0.11 0.12 0.05

Table 8: Effect of the interaction between faba bean cultivars x nitrogen fertilization rats, and nitrogen x
potassium fertilization rates on yield and its components of faba bean plants (Average of 2014/2015

and 2015/2016 seasons).
Plant height No. of No. of Seed Seed yield | Straw yield | Seed yield
branches/ .
cm plant pods/ plant | index gm g/ plant g/ plant Ton/ feed
Interaction of cultivars x nitrogen fertilization rates
ISN 125.15 3.84 30.24 81.27 59.33 67.88 1.58
30N 126.02 4.28 31.5 82.39 62.62 70.22 1.61
Sakha — 3 45N 128.92 46.2 35.33 84.11 66.27 74.90 1.64
Cultivar 60 N 132.17 4.94 37.67 85.72 68.3 77.33 1.68
ISN 130.44 3.28 27.07 84.21 57.45 72.16 1.49
30N 133.52 3.72 28.83 90.88 60.78 74.26 1.53
Nubaria-1 45N 145.33 4.33 325 93.84 64.93 80.96 1.55
Cultivar 60N 147.67 4.44 35.08 96.66 67.07 84.08 1.62
L.S.D at 5% level 0.34 0.14 2.06 1.89 0.63 1.82 0.06
Interaction of cultivars x potassium fertilization rates
0.0 125.9 4.04 31.52 79.85 60.77 70.18 1.59
Sakha — 3 26 127.73 4.46 33.69 82.99 64.93 72.33 1.64
Cultivar 52 130.56 4.75 35.85 87.27 66.69 75.25 1.67
0.0 136.08 3.75 28.83 88.75 59.05 75.55 1.51
Nubaria-1 26 139.69 3.96 30.92 91.04 63.16 77.88 1.54
Cultivar 52 141.95 4.13 32.88 94.41 65.47 80.22 1.58
L.S.D at 5% level 1.01 0.26 1.79 1.81 0.72 1.87 0.04
Interaction of Nitrogen x potassium fertilization rates
0.0 125.47 3.17 26.57 80.31 56.48 67.98 1.48
15kgN 26 28.0 3.59 28.84 82.25 58.39 69.57 1.55
52 129.93 4.07 30.58 85.65 60.3 72.52 1.58
0 127 3.75 28.25 83.79 58.1 69.88 1.54
30 kgN 26 129.95 4.00 30.5 86.46 62.25 72.35 1.58
52 132.35 4.25 31.75 89.66 64.76 74.5 1.60
0 135 4.25 31.88 85.8 61.4 75.09 1.56
45 kgN 26 137.38 4.50 33.88 88.66 66.65 77.84 1.59
52 139.0 4.68 36.00 92.47 68.75 80.95 1.63
0 136.5 4.42 34.0 87.31 63.65 78.5 1.62
60 kgN 26 139.5 4.75 36.0 90.69 68.8 80.66 1.65
52 143.75 4.92 39.13 95.98 70.35 82.95 1.70
L.S.D at 5% level 0.86 0.23 1.53 1.54 0.61 1.59 0.04

1183



Middle East J. Agric. Res., 6(4): 1171-1188, 2017

ISSN: 2077-4605

Table 8: Cont.

yieslfir%l"“(l)n / }]?it)ll(;)%“isz/l Crop Harvest RPP sced g/ | RPP vio RPP veg
feed feed index index LAT g/ LAT | g/LAT
Interaction of cultivars x nitrogen fertilization rates
I5N 1.82 3.4 0.46 0.87 32.41 69.32 36.91
Sakha — 3 30N 1.97 3.58 0.45 0.82 33.60 71.28 37.68
Cultivar 45N 2.05 3.69 0.44 0.80 3438 7324 | 3886
60 N 2.13 3.81 0.44 0.77 34.42 73.41 38.99
15.N 1.91 3.40 0.44 0.78 29.82 67.28 37.46
Nubaria-1 30N 2.11 3.64 0.42 0.73 31.00 68.86 | 38.86
Cultivar 45N 2.24 3.79 0.41 0.69 32.72 73.58 40.86
60N 2.34 3.96 0.41 0.69 32.88 74.13 41.25
L.S.D at 5% level 0.10 0.08 n.s 0.04 0.13 0.18 0.22
Interaction of cultivars x potassium fertilization rates
0.0 1.94 3.53 0.45 0.82 32.66 70.37 37.71
(8311;23;3 26 1.99 3.63 0.45 0.82 34.02 7190 | 37.88
52 2.05 3.72 0.45 0.81 34.44 73.18 38.73
0.0 2.09 3.60 0.42 0.72 31.11 70.87 39.73
gﬁﬁlai;arl 26 2.16 3.70 0.42 0.71 31.87 7117 | 3930
52 2.19 3.77 0.42 0.72 31.83 70.83 30.0
L.S.D at 5% level 0.06 0.03 n.s 0.01 0.16 0.18 0.07
Interaction of Nitrogen x potassium fertilization rates
0.0 1.79 3.27 0.45 0.82 30.89 68.03 37.13
15kgN 26 1.85 3.40 0.46 0.84 31.26 68.44 37.18
52 1.96 3.54 0.45 0.81 31.22 68.45 37.23
0 1.98 3.52 0.44 0.78 31.34 69.01 37.67
30 kgN 26 2.07 3.65 0.43 0.76 32.30 69.78 37.48
52 2.09 3.69 0.43 0.77 33.26 71.43 38.17
0 2.10 3.66 0.43 0.74 32.41 72.02 39.61
45 kgN 26 2.15 3.74 0.43 0.74 34.02 74.51 40.49
52 2.20 3.83 0.43 0.74 34.23 74.51 40.28
0 2.19 3.81 0.43 0.74 32.90 73.47 40.57
60 kgN 26 2.23 3.88 0.43 0.74 34.21 74.21 40.00
52 2.24 3.94 0.43 0.76 33.86 73.60 39.74
L.S.D at 5% level 0.05 0.03 n.s 0.01 0.14 0.15 0.06
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Table 9: Effect of the three way interactions between cultivars * N, * K fertilization rates on yield and its
components of faba bean plants (Average of 2014/2015 and 2015/2016 seasons).

Nitrogen | Potassium Plant No. of No. of Seed Seed Straw S'e ed
Cultivars rates kg/ rates kg/ height | branches/ | pods/ index yield g/ | yield g/ };:Ilj
feed feed cm plant plant gm plant plant feed
0.0 123.66 3.33 27.33 78.50 57.16 65.71 1.52
15 26 125.0 3.85 30.50 80.00 59.43 67.13 1.60
52 126.85 4.33 32.90 85.30 61.40 70.80 1.63
0.0 124.0 4.00 29.00 79.23 59.0 68.47 1.58
30 26 126.15 4.33 32.0 81.85 63.50 70.39 1.62
52 127.90 4.50 33.50 86.10 65.37 71.80 1.64
Sakha3

0.0 127.0 4.33 33.75 80.24 62.80 71.53 1.60
45 26 128.75 4.67 35.25 84.15 67.00 74.18 1.63
52 131.0 4.85 37.00 87.93 69.00 79.00 1.69
0.0 129 4.50 36.00 81.44 64.1 75.00 1.64
60 26 131 5.00 37.00 85.97 69.8 77.60 1.69
52 136.5 5.33 40.00 89.76 71.00 79.38 1.72
0.0 127.33 3.00 25.80 82.12 55.8 70.24 1.44
15 26 131.00 3.33 27.17 84.50 57.35 72.00 1.50
52 133.0 3.50 28.25 86.00 59.0 74.25 1.52
0.0 130.0 3.5 27.50 88.35 57.2 71.29 1.49
30 26 133.75 3.67 29.00 91.07 61.00 74.30 1.54
52 136.80 4.00 30.00 93.22 64.15 77.2 1.55

Nubaria-1
0.0 143.0 4.17 30.0 91.36 60.0 78.65 1.52
45 26 146.0 4.33 32.50 93.17 66.3 81.5 1.55
52 147 4.50 35.00 97.00 68.5 82.92 1.57
0.0 144.0 4.33 32.00 93.18 63.2 82.00 1.59
60 26 148.0 4.5 35.0 95.41 68.0 83.72 1.61
52 151.0 4.5 38.25 101.40 70.0 86.51 1.67
L.S.D at 5% level 1.08 0.28 1.90 1.92 0.76 1.98 0.05
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Table 9: Cont.

Nitrogen Potassium St.raw Bio-
Cultivars rates ke/ rates ke/ yield yield prop Hawest RPP sced | RPP bio | RPP veg
foed foed Ton/ Ton/ index index g/ LAI g/ LAI | g/LAI
feed feed

0.0 1.75 3.27 0.46 0.87 31.93 68.65 36.72

15 26 1.8 3.40 0.47 0.89 32.48 69.16 36.68

52 1.91 3.54 0.46 0.85 32.83 70.16 37.33

0.0 1.94 3.52 0.45 0.81 32.42 70.04 37.62

30 26 1.98 3.6 0.45 0.82 33.78 71.22 37.44

Sakha3 52 2.00 3.64 0.45 0.82 34.59 72.58 37.99
0.0 2.00 3.6 0.44 0.80 33.23 71.07 37.84

45 26 2.05 3.88 0.44 0.80 34.72 73.15 38.43

52 2.11 3.80 0.44 0.80 35.20 75.51 40.31

0.0 2.08 3.72 0.44 0.79 33.04 71.70 38.66

60 26 2.14 3.83 0.44 0.79 35.08 74.07 38.99

52 2.17 3.89 0.44 0.79 35.15 74.45 39.30

0.0 1.83 3.27 0.44 0.79 29.84 67.40 37.56

15 26 1.90 3.40 0.44 0.79 30.03 67.72 37.69

52 2.0 3.52 0.43 0.76 29.6 66.73 37.53

0.0 2.01 3.59 0.42 0.71 30.26 67.98 37.72

30 26 2.15 3.69 0.42 0.72 30.81 68.00 37.52

Nubaria.1 52 2.17 3.72 0.42 0.71 31.92 70.27 38.35
0.0 2.20 3.72 0.41 0.69 31.58 72.97 41.39

45 26 2.25 3.8 0.41 0.69 33.32 74.27 40.95

52 2.28 3.85 0.41 0.69 33.25 73.50 40.25

0.0 2.30 3.89 0.41 0.69 32.75 75.23 42.48

60 26 2.32 3.93 0.41 0.60 33.33 74.37 41.04

52 2.39 4.06 0.41 0.70 32.56 72.80 40.24

L.S.D at 5% level 0.06 0.03 n.s n.s 0.17 0.19 0.08
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