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ABSTRACT

Two field experiments were carried out in Agricultural Experiments and Re-
search Station, Faculty of Agriculture, Cairo University, Giza Egypt during 2005 and
2006 summer seasons to study the effect of two potassium levels (24 and 48 kg
K2Ol/fad) and three nitrogen fertilizer levels (15, 30 and 45 kg N/fad) on yield and yield
associated traits of four soybean varieties (Gizalll, Crawford, Giza 35 and Giza 22).
Results indicated that plant height in the first season more than that of the second
season, while chlorophyll content, number of pods/plant, weight of pods/plant, seed
weight/plant, seed index, harvest index and seed yield/fad in the first season were
less than that of the second season . Increasing potassium fertilization levels leads
to an increase in all the studied traits for the tested soybean varieties. While, increas-
ing nitrogen fertilization levels lead to increas in plant height, No. of pods/plant, weight
of pods/plant, seed weight/plant, seed index and seed yield/fad. Results obtained re-
vealed that there were highly significant differences among genotypes (Gizalll,
Crawford, Giza 35 and Giza 22) for all the studied characters. Giza 22 gave the high-
est seed yield/fad, while Crawford gave the lowest one.

INTRODUCTION

Soybean (Glycin max (L.) Merrill) is considered one of the important
food and industrial crops on the international level, owing to containing about
30% of cholesterol free oil, and about 40% of protein, which is similar in its
nourishing value to the animal protein. The Soy oil is one of the most vegeta-
ble oils spread, where is used directly in food, preventing from Blood pres-
sure and Arteriosclerosis, also seeds of Soybean contain the most vitamins
that are essential for the body, several countries of the world extract different
kinds of foods from Soybean as milk and cheese. The use of Soybean's oil in
Egypt had begun from the year 1976, the extraction ratio of oil is about
20.5%, also it is an essential source of protein in the Animal and Poultry feed.
Soybean can produce at least twice as much more protein per acre than any
other major vegetable or grain crop, 5 to 10 times more protein per acre than
land set aside for grazing animals to make milk, and up to 15 times more pro-
tein per acre than land set aside for meat production (El-Agroudy et al.,
2011).

Currently, Egyptian farmers grow about 23000 faddan with soybean
annually which produce about 30 000 ton of seeds (2011) with an average
productivity of 1.3 ton/fad. Among the obstacles facing its introduction are the
limited cultivated area in Egypt and the competition faces many from the oth-
er summer crops such as cotton, rice, and maize. Also, poor Rhizobia nodu-
lation due to unavailability of R. japanicum in the Egyptian soil which alters
the leguminous protein-rich plant to be depended completely on soil fertilizers
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for providing its height requirement of nitrogen. Special attention should be
paid to fertilization due to the contradictory investigation results.

Although it is not a common practice to apply nitrogen (N) fertilizer to soy-
beans, some researchers speculate that the ability of soybeans to fix atmos-
pheric N is not always adequate for maximum yield. Hence scientists have
investigated the effect of N fertilizer on soybean yield and quality. N applica-
tions have a positive effect on growth parameters of soybean yield Caliskan
et al. (2008). Potassium is one of the three major essential nutrient elements
required by plants. Unlike nitrogen and phosphorus, potassium does not form
bonds with carbon or oxygen, so it never becomes a part of protein and other
organic compounds (Hoeft et al., 2000). Although K is not a constituent of any
plant structures or compounds, it is involved in nearly all processes needed to
sustain the plant life. Potassium alone had no significant effect on soybean
yield across all rates applied. N., P. and K played an important role in in-
creasing soybean yield. Application of macro and micro nutrients can lead to
significantly increased soybean yield Malik et al. (2006) and Xiao-hui et al.
(2009) found differences among genotypes for plant height, chlorophyll con-
tent, no. of pods per plant, weight pods per plant, seed yield per plant, seed
index, harvest index and seed yield per faddan .

The main objective of this investigation was to study the effect of dif-
ferent levels of potassium and nitrogen fertilizers on growth and yield of some
soybean varieties

MATERIALS AND METHODS

Two field experiments were carried out at Agricultural Experiments
and Research Station, Faculty of Agriculture, Cairo University, Giza during
2005 and 2006 summer seasons. This investigation aimed to evaluate the
effect of different levels of nitrogen and potassium fertilizers on vegetative
characters of four soybean, Glycine max (L.) varieties (Gizalll “Crawford x
Celest”, Crawford “introduced from USA", Giza 35 “Crawford x Celest” and
Giza 22 “Forrest x Crawford”).

In the two experiments, the commonly known (Hratii) method of sow-
ing was followed, where the soil was pre-irrigated and the seeds were drilled
on one side of the ridge, few days later in the moderately moister soil. The
soybean seeds were inoculated before sowing with the recommended strain
of Rhizobia (Rhaizobium japanicum), which provided by the Ministry of Agri-
culture, Giza.

Each experiment included different treatments, which were compared
between three nitrogen levels (15, 30 and 45kg N/fad) and two potassium
levels (24 and 48kg K20/fad).

Mineral fertilizers were applied before first irrigation in the two suc-
cessive seasons. The other agricultural practices were applied as recom-
mended for the region.

The experimental design used was a split-split plot with four replicats,
in which potassium levels were randomly distributed in the main plots, nitro-
gen levels in sub-plots and soybean varieties in sub-sub plots. The experi-
mental plots consists of 5 ridges of 60 cm apart and 3.5 m long, then the plot
size in both experiments was 3x3.5 meters, which equals 1/400 fad. Soybean
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varieties were seeded on 26 May in the first season and 24 May in the
second seasons. In the first experiment; soybean was preceded by wheat,
while in the second one soybean preceded by alfalfa.
Data recorded:
Vegetation characteristics:

1) Plant height in cm.

2) Chlorophyll content.

3) Number of pods per plant.

4) Weight of pods per plant.

5) Seed weight per plant.

6) Seed index (weight of 100 seed)

7) Harvest index ( %)

8) Seed yield/fad.
Statistical analysis:

Data were carried out as randomized complete block designe and
analyzed to identify significant effects (P< 0.05) and the means were com-
pared by the Least Significant differences (LSD) by SAS program (SAS Insti-
tute 1988).

RESULTS AND DISCUSSION

Effects of different levels of potassium and nitrogen fertilizers on ve-
getative and yield characters of four soybean (Glycine max (L.)) varieties (Gi-
zall1l, Crawford, Giza 35 and Giza 22) are presented in Tables

(1, 2 and 3).
1) Effects of potassium:

Data in Table 1 showed the average of plant height, chlorophyll con-
tent, No. of pods/plant, weight of pods/plant, seed yield/plant, seed index,
harvest index and seed yield/fad of soybean varieties after treated with po-
tassium 24 and 48 kg K,O/fad during 2005 and 2006 successive seasons.

Generally, plant height in the first season (2005) was more than
those in the second season (2006), whil chlorophyll content, No. of
pods/plant, weight of pods/ plant, seed yield/plant, seed index, harvest index
and seed yield/ fad in the second season were more than those in the first
season.

Table(1): Effect of two levels of potassium on soybean yield and its
components in 2005 and 2006 seasons

Potas- plant chloro- no. of pods seed seed in- | Harvest | Yield/fad
sium height phyll pods/ weight/ yield/ dex index
levels |(cm) content plant | plant (g) [plant| () | SI (%) HI (%) (kg)

2005 [ 2006 | 2005 {2006 | 2005 [2006 | 2005 | 2006 | 2005 | 2006 | 2005 2006 | 2005 | 2006 [ 2005 | 2006
24 K20 |90.8(86.2 [42.76|45.39(72.20(92.23(32.16{38.56(20.55[24.09(16.89(17.60(30.58(32.47| 919 | 1008
48 K20 [92.9(89.7 [43.86(45.23(75.49(97.93(32.30(39.85(22.32(25.39(17.25(17.82(31.48(32.40[1000| 1124
Mean |91.8(88.0(43.3145.31(73.85(95.08(32.23(39.21(21.44(24.74(17.0617.71{31.03(32.43| 960 | 1066
LSD ns. | ns. | ns.|ns. [2.61]3.70| ns. |1.30| 0.9 |0.84| ns. | ns. | ns. | ns. [51.40|184.30
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Regarding to K fertilizer effect on soybean yield and its components,
the obtained results in Table 1 clarify that potassium application caused in-
creasing in all the studied characters in both seasons.

Results showed that there were no significant differences between
the two levels of potassium application for plant height, chlorophyll content,
seed index and harvest index in the two seasons (2005 and 2006). However,
increasing potassium level from 24 to 48 kg/fad had significant effect on
number of pods per plant, weight of pods per plant (2006), seed yield per
plant and clearly significant effect on yield per fad in both seasons.

Application of K fertilizer at the rate of 48 kg/fad increased number of
pods per plant from 72.2 to 75.49 in 2005 season and from 92.23 to 97.93 in
2006 season. In the other words number of pods/plant increased by 4.6% in
the first season corresponding t05.35% in the second season, respectively.

According to the obtained results in Table 1 weight of pods/plant val-
ues were showed no differences between two levels of potassium application
in the first season, while there were significantly differences between two le-
vels of potassium application in the second season. One of the reasons pos-
sibly due to more favorable environmental condition. These results are in the
same line with those obtained by Osborne and Riedelle (2006)

AS seen in Table 1 application of K fertilizer at the rate of 48 kg/fad
increased significantly seed yield per plant of soybean during the two sea-
sons. The increase in seed yield per plant was 8.6% in the first season cor-
responding to 5.4% in the second season, respectively.

Potassium level at 48 kg K,O/fad yielded significantly higher yield/fad
1000, 1123 kg/fad in 2005 and 2006 seasons compared with the level of 24
kg K,O/fad which gave 919 and 1008 in the two seasons, respectively. The
increase was 8.8% in the first season corresponding 11.4% in the second
season, as K rate increased from 24 to 48 kg/fad. These results were in
agreement with those reported by Hoeft et al.(2000), Igbal et al.(2008) and
Ying et al.(2011) . Furthermore , the obtained results agree with those ob-
tained by Andrews and Svec (1976) who evaluated seed yield and seed qual-
ity of soybean with potassium fertilization (0, 56 or 223 kg / ha). They record-
ed that seed yield was significantly increased in plants received the highest
rate of k fertilizer. In addition, William et al. (2008) mentioned that potassium
is one of the principal plant nutrients underpinning crop yield production and
quality determination. Potassium deficiency can lead to reduction in both the
number of leaves produced and the size of individual leaves, consequently in
yield and quality production.

On the other hand, Xiaohui et al. (2009) indicated that N, P and K
played an important role in increasing soybean yield of 5 years continuous
soybean cropping. Results indicated that the application of potassium alone
had no significant effect on soybean yield across all rates applied. However,
when combined with N and P soybean yields increased substantially. Potas-
sium induced yield increases may also result from an enhanced resistance of
soybean plants to pests, diseases and lodging. More- over, Xiang et al.
(2012) found that applying K from 0 to 112.5 kg/ha, pods per plant and harv-
est index remarkably increased.
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2)Effects of nitrogen levels on soybean yield and components of soy-
bean varieties:

The effect of three levels of nitrogen fertilizer (15, 30 and 45 kg
N/fad) on soybean yield and yield components (plant height, chlorophyll con-
tent, No. of pods/plant, weight of pods/plant, seed yield/plant, seed index,
harvest index and seed yield/fad) has been demonstrated in Table 2. during
the two successive seasons, 2005 and 2006.

In general, yield and yield components of all the tested soybean va-
rieties increased with increasing application of N fertilizer level from 15 to 30
kg N/fad, while increasing nitrogen fertilization levels from 30 to 45 kg N/fad
increased some of yield components (plant height, no. of pods per plant,
seed index and seed yield per fad) in both seasons.

Data in Table 2 indicated that application of N fertilizer increased sig-
nificantly plant height of soybean in the two seasons 2005 and 2006. In spite
of N fertilizer level 45 kg/fad had higher plant height (94.8 , 92.5cm) in two
seasons compared with the other levels, the results showed insignificant dif-
ferences between 45 and 30 kg/fad level of N application. These results are
confirmed with the findings of Bharati et al. (1986)Who found that N applica-
tion only increased plant height. In addition, Nawar and Abdel-Galil (2008)
revealed that increasing nitrogen levels (45, 60, and 75 kg / fad) increased
plant height of soybean.

Table(2): Effect of different levels of nitrogen on soybean yield and its
components in 2005 and 2006 seasons

. Plant no. of pods B B ) ]
Nitrogen height chlorophyll pods/ weight/ seed yield/| seed index |Harvest index Yield/fad
levels (cm) content plant plant (g) |plant| (9) Sl (%) HI (%) (kg)

2005[2006|2005 | 2006 | 2005|2006 | 2005|2006 | 2005|2006 | 2005 | 2006 [2005| 2006 | 2005|2006
N1(15kgN/F)|87.9|83.4 |41.28(44.72|67.04{91.34|29.61(38.44|19.18|23.81|16.63|17.47|32.01| 33.03 | 825 | 951
IN2(30kgN/F)|92.8 | 88.0 |44.86(46.37|76.02(94.66|34.03(39.57|22.33|25.16|17.09|17.81(30.53| 31.87 | 958 |1032
IN3(45kgN/F)|94.8 | 92.5 |43.79|44.84|78.49|99.24(33.05(39.62|22.79|25.25|17.47|17.85(30.55| 32.40 [1097|1214
Mean 91.8|88.0]43.31/45.31|73.85/95.08|32.23(39.21|21.44(24.74|17.06(17.71|31.03| 32.43 | 960 |1066
LSD(0.5) 4.1014.50|2.10{1.44]2.19/5.10|2.70({0.70|1.80[0.80]0.20 | 0.20 | ns. ns. [63.00/62.40

Chlorophyll content was affected by increasing nitrogen levels appli-
cation from 15 to 30 kg N/fad. Chlorophyll content value reached to 44.86-
46.37 in the two seasons with applied of 30 kg N/fad. While increasing nitro-
gen fertilizer level up to 45 kg/fad caused decreasing in chlorophyll content in
2005 and 2006 seasons. These results are in the same line with the findings
of Fayed et al.(1986) , Abdel Gawad et al. (1989) and Eman (2002) They
proved that chlorophyll increased with N application increase.

Results in Table 2 revealed that the application of nitrogen fertilizer at
the rates of 15, 30 and 45 kg N/fad increased significantly number of pods
per plant during the two seasons. The increase in number of pods/plant was
13.68 and 3.38% in the first season corresponding to 3.64 and 4.84% in the
second season, respectively, as N rate increased from 15 kg N/fad up to 30
and 45 kg N/fad . Mandal and Sikder (1999) noticed that soybean pods in-
creased with increasing N rate (0,50 or 100 kg N/ha), while number of pods
/plant were greater with N application. In addition, Abd Alla and Omran
(2002)compared four soybean gynotypes H15L5, Gizall, Crawford, and Giza
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22, for response to nitrogen fertilization 50, 50, and 70 Kg N/ha. They noticed
that Giza 22 recorded the highest number of pods per plant. Jain-xin et
al(2011) stated that application of N increased pods and seeds at any rate.

Data in Table 2 indicated that nitrogen rate had a significant effect on
pods weight per plant at 30 kg N/fad in both season, where pods weight per
plant increased from 29.61 to 34 03 in the first season and from 38.44 to
39.57 in the second season. While increasing of N rate to 45 kg/fad had in-
significant effect on weight of pods per plant in the two seasons. In this re-
gard El -Wahab et al. (1984) found that pod weight of soybean increased with
increasing of N application. Moreover, Agha et al.(2004) recorded that the
application of N and inoculation of R. japonicum significantly enhanced grain
yield and yield components.

A perusal of Table 2 nitrogen fertilizer significantly affected seed
yield/plant. Seed yield/plant was significantly increased with liner increas by N
fertilizer application, maximum seed yield per plant were 22.79, 25.25 in 2005
and 2006, respectively, was recorded in 45 kg N/fad does of applied fertilizer.
In spite of N fertilizer level 45 kg/fad had higher seed yield/ plant value in two
the seasons compared with the other levels, the results indicated insignificant
differences between 45 and 30 kg/fad level of N application. Sable and
Khuspe (1977) found that application of 30 and 60 kg N/ha to soybeans and /
or seed inoculation increased seed yield.

Regarding 100- seed weight (seed index) results showed that nitro-
gen fertilizer significantly affected 100-seed weight (Table 2). In spite of the
results showed maximum seed index 17.47 , 17.85 in the two seasons was
recorded in N3 (45 kg N/fad) does applied fertilizer, but there was no signifi-
cant differences whether applied N2 level (30 kg/fad) or N3 level (45kg/fad )
fertilizer. Sable and Khuspe (1977), Tayler et al.(2005) revealed that applica-
tion of N to soybean increased seed index . However, Barker and Sawyer
(2005) reported that 100-seed weight is not affected by nitrogen application.

Regarding to nitrogen fertilizer effect on harvest index, data in Table
2 indicated that there were no significant effect among nitrogen levels appli-
cation for harvest index in the two seasons. In this respect some researches
reported that nitrogen applied was not effective on harvest index (Malik et al.
2006 and Mehmet OZ 2008). Harvest index values ranged from 30.55% to
33.03% over two years for all treatment combinations.

Data pertaining to seed yield/fad in Table 2 depicted that N fertilizer
significantly influenced it, seed yield per fad showed significantly positive re-
sponse by receiving maximum does of fertilizer. Seed yield/fad was signifi-
cantly increased with liner increase in applied N fertilizer, numerically maxi-
mum seed vyield/fad 1097 kg ,1214 kg in 2005 and 2006, respectively, was
recorded for treatment receiving N3 (45 kg N/fad) fertilizer.The positive effect
of N-fertilizer applications to soybean has been observed in some field inves-
tigations, Ogburia et al. (1999),Tayler et al.(2005),0sborne and Ridell (2006)
and Boroomandan et al.(2009) They indicated that the growth parameters of
cultivars responded positively to N fertilizer application, but not in others OlI-
sen et al. (1975), Herridge and Brockwell (1988) and Ying et al. (1992).
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3) Yield and components of soybean genotypes:

Mean values of 2005 and 2006 seasons for plant height, chlorophyll
content, No. of pods/plant, pods weight /plant, seed yield/plant, seed index,
harvest index and seed yield/fad obtained from some soybean genotypes
(Gizalll , Crawford, Giza 35 and Giza 22) are presented in Table 3. Gener-
ally, according to the two years results statistically significant differences for
all traits were found.

Data in Table 3 showed differences in plant height among the soy-
bean genotypes and years, and it was lower in 2006. Some of reasons were
due to the climatic and soil conditions changing year by year. The obtained
plant height values showed that the maximum plant height (101.5) in season
2005 and (92.8) in season 2006 was observed in genotype Crawford, while
minimum value (82.4) in 2005 and (83.3) in 2006 was recorded in genotype
G111. These results are confirmed with the findings of Lee et al (1999), Da-
nee et al. (2001), Malik et al (2006), and Igbal et al (2008) who found highly
significant differences among genotypes for all studied characters.

Table(3): Yiela and its components of different soybean genotypes in
2005 and 2006 seasons

SOYBEAN h%l?nr:t chlorophyll|no. of pods/ w%(i)gr?tj seed yield/|seed index '_:isgst Yield/fad

IGENOTYPES| (cm) content plant plant (g) |plant| (g) Sl (%) HI (%) | (kg)

2005 2006|2005 | 2006|2005 | 2006 [2005|2006|2005|2006|2005 [2006 [2005|2006|2005 |2006
G111 82.4 183.3[39.88(40.37|73.06| 92.44 [30.34|37.4520.37[24.51(17.94|18.52|30.55|32.76| 934 [1014
Crawford 101.5|92.8143.52/43.12(59.97| 80.58 [26.15|35.49|17.86|21.48| 16.5 [17.02[25.48|29.57| 824 | 889
G35 92.3 |88.9145.39( 49.5 [80.37|100.62/33.52|39.9821.91(24.74[16.81|17.59|32.30{32.41| 992 1145
G22 91.1 |86.9144.44[48.26| 82 |106.69/38.91|43.91| 25.6 [28.23[17.01|17.71|35.78| 35 1089|1216
Mean 91.8 |88.0143.31[45.31(73.85| 95.08 [32.23|39.2121.44[24.74[17.06|17.71|31.03|32.43| 960 |1066
LSD 3.43(3.31|1.73|1.44|2.21| 3.70 |1.40]|0.90|0.73|0.72|0.30|0.20|1.86 | 1.12 |62.40(48.40

Chlorophyll content values(Table 3) ranged between 39.88 - 45.39,
40.37- 49.5 in 2005 and 2006 seasons respectively. It was showed that there
were significant differences among genotypes in both seasons (Table 3). The
highest chlorophyll content was obtained from G35 genotype in both sea-
sons. Similar observations were noted by Malik et al.(2007) who revealed
highly significant difference among genotypes for chlorophyll content, they
added that chlorophyll content ranged from 37.30 to 48.47.

Regarding number of pods per plant. Data in Table 3 showed the
highest values 82.0, 106.69 in G22 in 2005 and 2006 followed by G35. While
G22 had more pods number per plant than G35 cultivar, the obtained results
showed no significant differences for number of pods/plant between the two
cultivars. The results are contradictory to the findings of Malik et al. (2006)
who evaluated different cultivars of soybean and found that there were highly
significant differences among genotypes for all characters and recorded that
increase in number of pods per plant will ultimately increase the grain yield.

Maximum weight of pods per plant (38.91), (43.91) were observed in
genotype G22 in 2005 and 2006, while minimum values (26.2), (35.49) were
recorded in genotype Crawford (Table 3). These results are confirmed with
the findings of Mehasen and Saeed(2005) who found that Giza 22 recorded
significantly higher values for pods weight per plant.
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The range of 17.86 — 25.6 g was recorded for seed yield per plant in
season 2005, while in 2006 the range of seed yield per plant was 21.48 —
28.23 g. According to the results in Table 3 G22 have higher seed yield per
plant than the other genotypes. The results are supported by the findings of
Zayed (2007)

As seen in Table 3 100-seed weight (seed index) values ranged
from16.5-17.94 ,17.02-18.52 in 2005 and 2006 seasons respectively.100-
seed weight showed that there were differences among the genotypes in the
two seasons. The highest 100-seed weight values were obtained from G111
followed by G22 in 2005 and 2006. Differences observed for 100-seed weight
among the soybean varieties were probably related to genetic variation and
ambient conditions. The obtained 100-seed weight values were similar to
those reported by Malik et al. (2006)

As shown in Table 3 harvest index values showed highly significant
differences among genotypes. Harvest index ranged between 25.48- 35.78
among different genotypes in the first season and between 29.57- 35.0 in the
second one. According to the results the highest harvest index value was ob-
tained by, G22 followed by G35 in two seasons. While the lowest value was
obtained by Crawford genotype. The obtained results corroborates with the
findings of Pedersen and Lauer (2004) who reported that the harvest index
varied among soybean genotypes.

According to Table 3, yield per fad (Y/F) values were ranged be-
tween 824-1089 kg/fad, and between 889 -1216 kg/fed in 2005 and 2006 re-
spectively. Yield per fad showed differences among soybean genotypes and
year, it was lower in 2005. Some of the reasons were climatic and soil condi-
tion changing year by year. According to results, G22 and G35 have higher
seed yield than other genotypes. These two soybean genotypes can be rec-
ommended for Egyptian farmers. Ruhul Amin et al. (2009) Found that seed
yield varied significantly among varieties of soybean. The obtained results
agree with those obtained by Danee et al.(2001), Malik et al (2006), and Igbal
et al (2008)who found highly significant differences among genotypes for all
the studied characters(chlorophyll content,plant height, number of pods per
plant,100-seed weight and grain vyield).Furthermore, Mehasen and
Saeed(2005) found that Giza 22 recorded significantly higher values for
weight pods per plant, seed weight per plant,100-seed weight, and seed yield
per faddan compared with G111.
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