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ABSTRACT

A field experiment was carried out at the Experimental Famm,
Agricultural Research Statior, Sakha, Kafr El-Sheikh, Egypt, during the two
successive seasons of 2006 and 2007 to study the response of soybean cv.
Crawford, Toano and Giza 22 to different sources of nitrogen fertilization,
Urea (46%) at the rate of 75 kg N/fed, Bio-fertilizer (Bradyrhizobium
japonicium), Compost (4.5 t/fed) and the combination among them. Different
sources of nitrogen treatment significantly increased soybean characters.
Combination of 2.25 ton compost + inoculation with Bradyrhizobium recorded
the highest values of plant height, leaf area, dry matter, number , fresh and *
dry weigh of nodules/plant, number of pods, number of branches, 100-seed
weight, biological yield, seeds and straw yield per feddan and harvest index.

in the light of the obtained results, it can be mentioned that cultivars
differed significantly in values of such traits. These differences were due to the
differences of maturity groups (MG) for tested cultivars and consequently the
length of vegetative growth period and reproductive stages. Toano cuitivar
(MG V) surpassed the others cultivars in such characters. Cultivar Crawford
(MG 1V) had the lowest values of such traits. Under Sakha condition, it is
recommended to sowing Toano cultivar inoculated preplanting with rhizobium
and with the addition of 2.25 tons compost.

Key words: Soybean, compost, biofertilization, nitrogen fertilizer, seed

yield.
INTRODUCTION

Soybean, Glycin max (L). Merr, is an annual plant belongs to
the botanical family leguminous. It is considered as one of the major
important crops grown in many different parts of the world as an oil
crop. About 90% of oil is processed for human consumption i.e.
cooking oil and margarine. Almost all world soybean meal production
is fed to livestock or poultry , animal feed, and materiais for many
industrial uses. Soybean is a short-days plant that originated from
latitudes of about 45 No.

Nitrogen is the most limiting nutrient for production in most
agricultural systems, due to the large amounts harvested with the
crops and because it can be lost easily through gaseous losses,
leaching, runoff or erosion (Smaling et al., 1999). In some African
farming systems, manure production is major reason indicated by
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smallholder farmers for keeping cattle. (Baijukya et al., 2005). Manure
stored alone or mixed with urine, feed refusals or other organic
“materials are called compost after they have undergone a process of
combined decomposition known as maturation or composting.

Applying different organic and bio N sources increased 1000-
seed weight and number of branches (Shaban et al .,2008). Also,
many investigators, indicated that combination of compost: and
inoculation with Bradyrhizobium significantly increased number of
nodules/plant, fresh weight and dry weight of nodules/ plant (Abd El-
Hafez and Abo El-Soud, 2007) and (Arshad and Mahmood,.2010).

Abdel Gawad and El-Batal (1995), El-Desoky and El-Far
(1996), Atta Allah (2001), and Kandil, (2007) concluded that higher
number of pods, 100-seed weight, seed yield and straw yield were
recorded as a result of using combination of compost and inoculation
with Bradyrhizobium. Significant increases in number of nodules/plant
and dry weight of nodules /plant were recorded for Toano cultivars
(Matsunami et al, 2004) and (Kandil, 2007).

The present investigation was designed to study the response
of growth analysis attributes, yield and its components for different
soybean cultivars to sources of nitrogen fertilization.

MATERIALS AND METHODS

During 2006 and 2007 summer seasons in Egypt, a field
experiment was carried out at the Farm of Agricultural Research
Station, Sakha, Kafr El-Sheikh, Egypt, to investigate the effect of
different sources of nitrogen fertilization on growth analysis attributes,
yield and its components of soybean ( Glycine max L. cv Crawford,
Toano and Giza 22). Soybean was-sown for the two experiments on
17" and 20™ of May in the first and second seasons, respectively. The
preceding crop was flax (Linum usitatissimum, L) in the two seasons.
A representative soil sample (0-30 cm) was taken before planting to
determine some physical, chemical and nutritional properties of the
experimental site ( Table 1). The chemical compositions of the
compost are shown in (Table 2).

The experimental design was split plot with four replications.
The main plots were designed for different nitrogen sources (I) Mineral
(75 kg N/fed) in the form of urea (46 % N). {ll}) Seed inoculation with
Bradyrhizobium at sowing. (lll) Compost (4.5 t/fed). (V) 2.25 t/fed
compost+ inoculation with Bradyrhizobium. (V) 2.25 t/fed compost +
37.5 kg Niffed. (V1) 37.5 kg N/fed + inoculation with Bradyrhizobium.,
while the three cultivars ( Crawford, Toano and Giza 22) were
randomly distributed in the sub piots. The experimental unit was 10.5
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m?, which included 5 ridges (3 m long and 70 cm apart). Calcium
super Phosphate (15.5% P,0:) at rate of 160 kg/fed was applied
during soil preparation.

Four vegetative samples were taken from the second and
fourth ridges of each sub plot during the growth period in, 15 days
interval beginning at 60 days till 105 days after sowungz {DAS) in the
two growth seasons to measure leaf area/plant (dm®), dry matter
accumulation and Nodulation/plant, fresh weight and dry weight ( at 60
days after sowing) in addition to flowering date, days to maturity. At
harvest time a random sample of ten plants from each sub plot were
taken in both seasons to determine the following characters: plant
height (cm), number of pods/plant, number of branches/plant, seed
yield/plant (g), 100-seed weight (g), biological yield (t/fed.), seed yield
(t/fed.), straw yield (¥/fed.) and harvest index %.

All the data collected were subjected to statistical analysis of
variance as described by Snedecor and Cochran (1967). The mean
values were compared according to Duncan’'s Multiple Range. Test
(Duncan, 1955).

RESULTS AND DISCUSSION

Growth analysis and attributes:

Data presented in Table 3 show that growth analysis and
attributes (i.e., flowering time, days to maturity and plant height were
significantly increased due to the addition of mineral, bio and organic
fertilizer individually or combined. Application of 2.25 tons compost +
inoculation with Bradyrhizobium recorded the earliest flowering,
earliest period to maturity and tallest plants in both seasons. These
results may be due to the fact that the decomposition of organic
matter and consequently increased nutrients in the soil which became
more available to.plant hence enhhance plant growth. The difference
among cultivars in flowering time and days to maturity was highly
significant in both seasons. Obviously, Toano cultivar was the earliest
in flowering and maturity, while Crawford and Giza 22 had taller plants
than the other cultivar, while Toano produced the shortest plants in
both seasons. Difference in days to maturity among cultivars may be

due to the difference in the pedigree among these cultivars.
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Table (1): Soil physical and chemical ahalysis of the experimental
field in 2006 and 2007 seasons.

Determination Season
2006 2007

Physical analysis

Sand % 13.74 16.53
Silt % 24.91 23.95
Clay % 61.35 60.52
Texture % Clay Clay
Chemical analysis
Available N ppm 37 41
Available P ppm 6.9 7.4
Available K ppm 231.2 269.7
pH 7.9 8.2
EC 217 1.04
CaCo3 % 3.7 2.9
Organic matter % 1.9 2.3
Table (2):Chemical analysis of the compost in the two growing
' seasons.

s Season
Determination 2006 2007
Weight/m® (kg) 530 510

Moisture content 30 28

PH 7.1 7.90

E.C 3.93 3.7
Organic matter % 42.15 40.23
Organic carbon % 21.35 » 23.12
C:N ratio 14.14:1 13.15:1

Total nitrogen % 1.6 1.6
Total soluble-N p.p.m 238.7 134.5

Total phosphorous % 1.11 1.00

Total potassium % 0.89 0.99

Fe p.p.m 940 929

Mn p.p.m 300 305

Zn p.p.m 260 255
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Table (3):Flowering date, days to maturity and plant height of
three soybean cultivars as affected by nitrogen fertilizer
source in 2006 and 2007 seasons. -

- . e b . Plant height
Treatment Flowering time pays to maturity cm)
2006 2007 2006 | 2007 2006 | 2007
Nitrogen source (A): '
1) 75kgN/fed 54.00 | 53.22a | 130.56a | 131.56a | 84.52d | 82.06 d
2) Rhizobium inoculation | 48.78 | 48.44de | '20%7 | 126564 | 81.28¢ | 7916
3)4.5 tifed compost ffed | 53.78 | 50.00cd | 1250% | 127.44¢ | 8B.32¢ | 88.07 ¢
4)2.25\fedcomposted+in | 4822 | 47.56e | 124.22¢ | 12554¢ | 94.66a | 92.85a
ocuiation . .
§)2.25tfedcomposted+37 | 5200 | 52.22ab | 1277% | 130.90a | 89.01c | 86.28 ¢
SkgN/fed be
6) 49.90 | 51.22bc | 129.00b | 128.67b | 92.23 b | 89.78 b
37.5kgN/fed+inoculation » | '
F test n‘s ok ki T . L 1] ok o
- Cultivar (B):
1) Crawford 4690c | 47.83c | 119.67c | 121.00c | 9811a | 96.24a
2) Toano 55.56a | 54.78a | 140.78a | 141.44a | 68.68b | 65.82b
3) Giza 22 50.89b | 48.72b | 121.50b | 122.39b | 98.22a | 96.04 a
F test e i 1] Li] LT ok Ll ]
Interaction :
AxB n.s > h.s ns * e

*:"" and NS indicate P< 0.05 , P< 0.01 and not significant, respectively. Means designated by
the same letter within columns are not significantly different at the 5% level according to
Duncan's multiple range test.

Data in Tables 4 and 5 also show that the highest values of leaf
area (dm2) and dry matter accumulation were obtained from
combination of 2.25 tons compost + inoculation with Bradyrhizobium
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and lowest one was obtained from inoculation with Bradyrhizobium
only in both seasons The obtained results indicated clearly to the
effect of compost on leaf area per plant at all sampling dates and
mainly its high contents of nutritive elements and better effects on soil
characteristics and application of organic fertilizer, enables the crop to
produce rapid leaf area and this is refiected in increasing LAI. These
resuits are similar to those reported by [Tahsin (2006) and Abd El-
Hafez and Abo El-Soud (2007)]. The results also, indicate highly
significant differences among soybean cultivars in leaf area and dry
matter accumulation in the two seasons. Toano cultivar gave the
highest values in both seasons at all growth stages. These resuits are
in agreement with those obtained by Kandil (2007) and Jason and
Pedersen (2009).

Table (4): Means of leaf area / plant (dm?) at four samples dates
of three soybean cultivar as affected by N- fertilizer source and
their interaction in 2006 and 2007 growing seasons,

1" sample 2™ sample 3" sample 4" sample
Troatment 2006 2007 2008 1 2006 2006 2007 B 20-06 2007 J
1 .
Nitrogen source (A): T
1) 75kgNifed 292180 | 20839e | 4026.2¢ | 40847 | 611240 | 532476 | 51122d | 483386
2JRhizoblum inocufation | 245691 | 2507.81 | 3M27f | 377071 | 563081 | 4777.01 | 461506 | 428621
3)4.5 thed compost Hes | 320%8¢ | 327304 | 481034 | 43583¢ | €380.49 | S5777c | S41asc | somesc
4) 225edvinocuiation | B8388a | 4767.8 | §T491a | 6036.0a | 75377a | 6B625a | 6593.8a | 6371.7a
§)2.250ecs 7 SkgNftea | 7223b | 3718c | $1228c | S208Tc | 7427.3b | 512680 | 513144 | 483604
8) 37.5kgNifed+ 31316d | 4450.7hb | $546.7b | S56983b | 685B.2c | 6279.3b | 6166.8b | 5788.5b
8ig. . - . T w . -
Cultivar (B):
1) Crawford 30866 ¢ 31214¢ 4468.9¢ 4537.6¢c 8209.3¢c 5347.2¢ 5243.7 ¢ 4856.4 ¢
2) Toano 3318.7a 4203.0 a §215.2 a 5419.8 7148.5a 5970.0a 5750.5a 5479.2a
3} Giza 22 385160 360330 4802.7Tb 436140 6620.5p 5756.8b 55248 b 5266.0b
o B : N " ; - :
interaction : 1
AxB ns n.s ns ns ns ns ns as |

*, ** and NS indicate P< 0.05 , P< 0.01 and not significant. respectively Means designated by
the same letter within columns are not significantly different at the 5% level according to

Duncan's multiple range test.
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Table (5): Means of dry matter accumulation (g/ plant) at four
samples dates of three soybean cultivar as affected by
nitrogen fertilizer source and their interaction in 2006 and 2007
growing seasons.

1% sample 2™ sample 3 sample 4" sampte
Treaiment 2006 2007 2006 2006 2008 2007 2005 | 2007
Nitrogen source (A). .
1) 75kgNied 3530e 4167d 4592e 5131e 11064d 11828¢ 14579 e 153.75¢
2)Rhizobium inaculation 32601 | 3797e | 3B721 | 44571 | 9008e 9753d 19751 | 132951
3) 4.5 tfed compost fed \i.&id 5054¢ §212¢ §7.48¢ 11174d 12018¢ 15909d 168 36 ¢
4) 2.25tfed+inoculation ‘ 5457a | 5760a | 6802a | 7340a | 15419a | 16015a | 20644a | 214068
5) 2.25t/fed37.5kgNifed [ 46.48c | 52.09b | 57454 | 6298d | 12526¢ tams b | 167.06c | 17964c
6) 37. SkgNfed~noculation [ 51.01b 5755a 65.93b 71.150b 133.94b 139.35b 186.15b 188431
Sig. ” - ”
Cultivar (B) [
1) Crawiord B.AS c 4540¢ 53.40¢ 5880¢c 117.46 ¢ 123.09b 15981 ¢ 169.45b
2) Toano 48.30a 54358 5882 a 6545a 12461 a 13269a 16791 a 180.04 a
3) Gize 22 4370b 48.82b 55.86 b 61.20b 120900 130.35a 167.33 b 169.11 0
sig - - - .- . - -
Interaction :
AxB - hd - - ns ns ns ns

* ** and NS indicate P< 0.05 , P< 0.01 and not significant, respectively Means designated by
the same letter within columns are not significantly different at the 5% level according to
Duncan's multiple range test.

The results in Table 6 showed that combination of 2.25 tons compost
+ inoculation with Bradyrhizobium gave high significant increases in
number of nodules/plant, fresh weight and dry weight of nodules per
plant in both seasons. Nodulation of the legumes were improved by
the compost. On the other hand, application of 75 kg N/fed caused
significant reduction in number of nodulation. Even so, the
uninoculated plants were nodulated indicating that nutural rhizobia
were presented in these soils, perhaps resulting from the cultivation of
legumes for long time , or from natural contamination of the soil via
water and wind movement. These results are in agreement with those
previously reported by Arshad and Mahmood (2010). Number of
nodulation per plant, fresh weight of nodules per plant and dry weight
of nodules per plant differed highly significant among cultivars under
this investigation in both seasons. Toano produced significantly




264 Omar, AM,. etal,

" greater number, fresh and dry weight of nodulation per ptant than the

other cultivars, while Crawford gave the lowest values in 2006 and
2007 seasons. '

Table (6): Number of nodules/plant, fresh and dry weight of
nodules/ plant of three soybean cultivar as affected by N-
fertilizer source in 2006 and 2007 seasons.

No. of nodulation Fresh weight (@) Dry weight (g)
Treatment I
2006 2007 2006 2007 2006 2007
Nitrogen source (A):
1) 75kgN/fed 4943 d 57.29d 0451d 0.578 ¢ 0.375d 0.508 ¢
:)_Rhizoblum inoculation 74.43 be 74985¢c 0.524¢c 0.682b 0.418 cd 0.580 ¢
3) 4.5 tifed compost ffed 7488b | 8214bc | 0.613b | 0.716b | 0.456bc | 0.589 bc
4)2.25compostedt/fed+ inoculation 129.72 a 133.06 a 0.773 a 0.862 a 0.577 a 0.714 a
§) 2.25 composted tifed+ 69.16c | 7897bc | 0522c | 0708b | 0.421cd | 0.580¢
37.5kgN/fed
6)37.5kgNifed +inoculation 79.86b | 8555b | 0.619b | 0.728b | 0509b | 0.683ab
F test - - - - - J -
Cultivar (B):
1) Crawford 6506c | 7208c | 0.397c | 0538c | 0300c | 0452c,
2) Toano %28a | 10033a | 0787a | 0893 | 06a7a | 0786a
3) Giza 22 77.39b | 83.57b | 0.566b | 0.705b | 0.432b | 0.589b
F test i R - e - .
Interaction :
AxB e . . - - -

*, "™ and NS indicate P< 0.05 , P< 0.01 and not significant, respectively. Means
designated by the same letter within columns are not significantly different at the 5%

level according to Duncan's multiple range test.
Yield and Yield components studies:

Data presented in Table 7 show that yield and its components
(i.e., number of pods/plant, number of branches and seed yield/plant)
significantly increased due to the addition of nitrogen from ali sources.
The combination of 2.25 tons compost + inoculation with
Bradyrhizobium recorded the highest number of pods/plant, number of
branches and seed yield/plant in the two seasons. This finding may be
due to the improvement in plant growth and could help in increasing
nutrient availability from applied and native sources and mineralization
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of macro and microelements particularly nitrogen, which led to
increase in the minerals availability to the plants. Similar results were
reported by Abd El-Hafez and Abo El-Soud (2007) and Arshad and
Mahmood (2010). The differences among cultivars in number of
pods/plant, number of branches and seed yield/plant were highly
significant in both seasons. Obviously, Toano have the highest
pods/plant, number of branches and seed yield/plant than the other
cultivars in both seasons.

Table (7): Pods number/plant, number of branches/plant and
seed yield/plant (g) of the three soybean cultivars as
affected by N-fertilizer source and their interactions in 2006
and 2007 seasons.

No. of pods/plant No. of branches/plant Seed yield/plant (g)
Treatments 2006 2007 2006 r 2007 2006 2007
Nitrogen source (A): .
1) 75kgNifed 79.37 e 8298 f 547f¢ 560 e 2946 d 29.61d
2) Rhizobium inoculation 83.08d 86.86 e 571e 5.64e 26.92 ¢ 2791e
3} 4.5 tied compost ffed 88.11 b 9351c| - 6.76¢c 6.82¢ 3169 ¢ 31.78¢
4) composted tfed+ 99.16 a 103.95a 766a 769a i541a 3674 a
inoculation : J
5) 2.25 composted Ufed+ 37.5 86.19c| 89.744d 6.16d 6.22d | 30.04d 30.29d
kgNifed
6) 37.5kgN/fed+inoculation 98.89 a 97.49 bJ 7.29b 7.26b 34.16 b 34.11b
F test - - - . - |
Cultivar (B): : |
1) Crawford 75.24 c 75.68 ¢ 6.12¢ 6.14¢c 24.22¢ 24.95¢
2) Toano 101.36 a 105.76 a 6.8%9a 6.95a 41.04 a 41.61a
3) Giza 22 90.80 b 95.83 b 6470 6.52b 28.58 b 28.67b
F test - bl - b * ol
interaction : : } J
AxB w I e e e - -

* * and NS indicate P< 0.05 , P< 0.01 and not significant, respectively Means
designated by the same letter within columns are not significantly different at the 5%
level according to Duncan's multiple range test.

Data in Tables 8 and 9 indicated that 100-seed weight,
biological yield, seed yield (t/fed), straw yield (t/fed) and harvest index
increased significantly due to addition of 2.25 ton compost plus
inoculation with Bradyrhizobium. The present results were also
reported by Tahsin (2006) and Abd El-Hafez and Abo EI-Soud (2007).
These results may be due to the increase in the growth characters
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and photo-synthetic pigments by the application of N fertilizer,
consequently they give more ability to convert light energy to chemical
energy which were expressed in more dry matter accumulation in the
seeds. In addition, the -positive effect of compost fertilizer on seed
yield was mainly due to the significant increase in LAl, C G R, NAR, -
DM, yield components and greater translocation of photo-synthats
from leaves to the sink. The present results were also reported by
Abdel Gawad and El-Batal (1995), Tahsm {(2006) and Abd El-Hafez

and Abo EI-Soud (2007).

Table (8): 100-seed weight (g), biological yield (t/fed), seed yield
(t/fed), straw yield (tfed) and harvest index % of three
soybean cultivars as affected by N-fertilizer source and
their interaction in 2006 season.

Treatments 100-seed B.iological Seed yield | Straw yield |Harvest index
weight (9) | yield (tHfed) |  (tfed) (ted) %
Nitrogen source (A):
L
1) 75kgN/fed 20.607 ab bAS de 191d L 3.58 a-c 3480 c
2) Rhizobium inoculation 20.210 ¢ 14.86 e 163e 323c¢ 33.65¢
3) 4.5 tifed compost /fed 20.69 a 6.30 bc 2620 3.68a-c 41.67 ab
4) 2.25 composted t/fed+ inoculation 20.79 a 7.32a 3.12a 4.20 a 43.07 a
5) 2.25 composted t/fed+ 37.5 kgNffed 20.72 be 579cd 227c¢ 3.52bc 39.14b
6) 37.5kgNifed+inoculation 20792 6.92 ab 292a| 4.00ab 4216 ab
F test - . I P .
Cultivar (B): {
1) Crawford 2041¢c 580 ¢ 219¢ { 361b 37.54b
2) Toano 2099 a 6642 2642 3992 39.47a
3) Giza 22 M © 590b 239b 351b | 40.23a
f test - L - L - " P
Interaction : - . ‘i - . [ -

nnn

and NS indicate P< 0.05, P< 0.01 and not significant, respectively. Means designated

by the same letter within columns are not significantly different at the 5% level accordmg

to Duncan's multiple range test.
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Table (9): 100-seed weight (g), biological yield (t/fed), seed yield
(t/fed), straw yield (t/fed) and harvest index % of three
soybean cultivars as affected by N-fertilizer source and their
interaction in 2007 season.

Treatments 100-seed Biological | Seed yleld | Straw yleld—r Harvest j
weight (g) yield (t/fed) (tfed) (tfed) index %
Nitrogen source (A):
1) 75kgN/fed 20.04 ab 5.72¢ 191¢ 381c 32.30 cd
2) Rhizobium inoculation 19.48 ¢ 557d 1.73d 384c 30.3%9 e
3) 4.5 tied compost /fed 19.76 be 6.58 b 2.30b 428 b 3465b
. |4) 2.25 composted tifed+ inoculation 20.11 ab 6.73a 2.56 a 4,16 b 37.99a
5) 2.25 composted tfed+ 37.5 kgN/fed 20.23 a 5.63 c¢d 1.80 cd 3.84c 31.40 de
6) 37.5kgN/fed+inoculation 20.07 ab 6.74a 2.28b 4.45a 33.84 bCJ
F test L d r -k - - ‘
Cuitivar (B):
1) Crawford 1851¢ 5.26¢ 183¢c 363c 043¢
2) Toano 20.39 a 714a 263a 446a 3754a
3) Giza 22 18.95b 6.09b 1.99b 4.10b 32.32 bJ
F test v - . - - j
[ Interaction : n.s w* we - " J

* **and NS indicate P< 0.05, P< 0.01 and not significant, respectively. Means designated
by the same letter  within columns are not significantly different at the 5% level according

to Duncan's multiple range test.

Conclusion

From the economic point of view, and from the obtained

results, it could be recommended to use combination of 2.25 tons
compost + Bradyrhizobium inoculation, with Toano cultivar for high
growth, seed yield, its components and for increasing the organic
matter % and available nitrogen . Thus, it will keep out environment
clean, decreasing the environment poliution and fertilizer cost from
applying low fertilizer rates.
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