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ABSTRACT

Response of soybean to different irrigation patterns; i.e.: furrow,
drip and gun methods, planting distances, ie., 15 and 20 cm between
the hiils on ridges 60 cm apart, which produced 186 and 140 thousand
plant/fed, respectively and biological mineral nitrogen fertilization (20
kg N/fed, 40 kg N/fed, bacteria inoculation, bacterial inoculation + 20
kg N/fed. and bacterial inoculation + 40 kg N /fed.), was investigated at
Wady-Elnatron area, West Delta, El-Beheira Governorate, in
moderately saline sandy soil high in pH value (8.2) during 2002 and
2003 summer seasons.

The highest seed yield per unit area was obtained by using drip
irrigation system followed by gun method (1.44 and 1.24 ton/fed.
respectively) while the lowest seed yield was obtained by using
conventional furrow method (1.22 ton/fed.).

Maximum seed yield/fed was obtained with sowing distance of
15 cin between hills, (186000 plant/fed.), while most of the studied
traits were higher with the lowest plant density (140000 plant/fed.
produced from planting disiance at 20 cm between hills) compared to
the highest density.

Bacterial inoculation + 20 Kg N/fed gave the best results and the
highest values of seed yield/fed. and yield components, oil yicld/fed.
and protein yield/fed compared with the other treatments, while the
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lowest values were obtained from the 20 kg N/fed. treatment only.

The interaction between irrigation systems zand plant density had
significant effect on seed vield/fed ané most of its components. The
highest seed yicld/fed. was produced by drip irrigation and high plant
density (186000 plant/fed). Also the highest sced vield was obtained
from using drip irrigation and fertilizing pattern (inoculation + 20 kg
N/fed). On the other hand drip irrigation had the lowest costs and water
quantity compared to other systems. As for water use efficicncy, it is
also obvious that drip irrigation gave the best results.

Therefore, drip irngation, planting at 15 cm distance between
hills (186000 plant/fed), adding 20 kg N/fed and seed inoculation with
bacteria are recommended to improve soybean productivity in the
newly reclaimed sandy soit under West Delta conditions.

Key words: irrigation systems, plant density and biological mineral
nitrogen feriilization, soybeci

L. INTRODUCTION

Legume crops occupy an important position among tield crops.
Soybean is considered a relatively new crop in Egyptian rotation.
Soybean is one of the legume crops with high protein and oil content in
the secd which reach approximately 40% and 20%, respectiviiy.
improving soybean productivity can be achieved through optimizing
cultural practices, controlling irrigation waler using new irrigation
systems, planting density and seed inoculation with Rhizobia bacteria
specially in the newly cuitivated soils. Reducing soif and plant pollution
are among the most important agronomic practices ¢nhancing soybean
production. _

In Egypt, as weil as in other soybean countries, several workers
investigated the effect of irrigation systems and irrigation regime (o
maximize the productivity of field crops with reducing consumed water
for maintaing available imgation watcr. El-Wakeel (1979), stated that
the highest soybean seed vield was obtained when irrigation took place
at 40% depletion of the available soil moisture. Also, Bassuny (1982)
found that seed vield increased when irrigation took place at 40%
deplction of the available soil moisture. On the other hand he stated that
seed vield increased when irnigation was given at 7 day intervals
throughout the growing season and the lowesl seed yicld was obtained
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with frrigation at three week intervals.

Lir es al. (1986) indicated that plant height and leaf area/plant at
the seed-filling stage reached 38.9 cm and 790.5 cm’, respectively with
sprinkler irrigation, while they were 32.8 and 21.8 cm and 602.9 and
496.4 cm’, by furrow-irrigation and flood irrigation respectively. Seed
yield obtained with sprinkler irrigation, furrow irrigation and flood
irrigation were 88.05, 51.70 and 43.75 g /m”, respectively.

Seed yield and other argonomic characters of soybean were
sensitive to timing and amount of water throughout the growing season
(Kadhem ef af., 1985, Yousef, 1989. Bridge et al., 1996, and Haike!
and Bassal 1996).

Plant poputation density and distribution of plants play an
important role in the productivity of soybean. A marked increase in
plant height, the number of pods/plant, sced index and seed yield /plant
was found by increasing planting densities from 70000 to 175000
plant/fed (El-Attar, 1992) frém 105000 to 245000 plant/fed (Ali, 1993},
from 167000 to 333000 plant'ha (Prasad ef ¢/, 1993) and from 400000
to 800000 plant’ha (Abbas, 1993 and Abbas er af., 1995). Individual
plant characters were decreased, while seed oil and proteis yields per
unit area were increased with increasing plant density (El-Attar, 1992;
Ali, 1993; Prasad et al., 1993 Abbas ef al. 1995 and Haikel and Bassal,
1996). Iricreasing plani density was associated with the increase in seed
vield/fed (Abd El-Aal, 1979, Zaki, 1988 and Zey~da ¢/ /. 1988). In
addition. Sharief and El-Bially (1992), found that cach increase in plant
density from 70 to 140 thousand plant/fed was associated with the
increase in seed yield/fed. Prasad ef /., {1993) showed that seed yicld
was the highzst with 333 thousand plantsha and decreased with the
reduction in plant density below this level.

Using biological fertilizers became very important to reduce
the environmental pollution as a result of using mineral nitrogen.
Inoculation of seeds or soil with Ny-fixing bacteria could compensate
about 40 % of plant requirements of mineral nitrogen. On the other
hand, increasing soybean productivity by increasing chemical fertilizers
may increase production costs. and environmental pollution. Many
reports indicated that inoculation of seeds or seedlings of various Cs
and C, plants with N,-fixing bacteria led to enhancement of plant
growth and vield (Dobereiner and Day, 1975; Eid, 1982 and Pohiman
and McColl, 1982).
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Mineral nutrient deficiencies are major constraints limiting
legume nitrogen fixation and yield (O’Hara et al., 1988). Among the
necessary nutrients is a preliminary nitrogen dose to cnhance growth of
nitrogen fixing bacteria. If these requirements are not met, nodule
formation and function are both adversely affected (Van Schreven,
1958). Malik et af., (1993) found that N,-fixing bacteria produce plant
growth hormones such as indole acetic acid, indole-3-buteric acid,
indole-3-ethanole, indole-3- methanole, abcisic acid, several gibberellin
and cytokinins. Esaad ef af. {1997}, reported that biofertilization could
compensate for 30-40% of the recommended nitrogen, cspecially in
virgin lands.

2. MATERIALS AND METHODS

The preseni investigation was carried out at Wady-Elnairon
area during 2002 and 2003 summer seasons, El-Beheira Governorate to
study the effect of irrigation through estimating waler consumptive use
and water use efficiency, plant density and biological and mineral
nitrogen fertilization and their interaction on yield and its components
of “Clark™ soybean cuitivar under conditions of new reclaimed sandy
soil in West Delta. The purpose was to evaluate different irrigation
systems {furrow, gun and drip). Each one of these systems was evaluted
in a separate experiment which contained two plant densities (140000
and 186000 plant/fed.) resulting from sowing two plants per hill at 20
and 15 c¢m distance on both sides of the ridge, respectively. Five
combinations from biological and chemical fertilization, ie. 20 kg
nitrogen /fed 40 kg N/fed, bacterial inoculation, bacterial inoculation+
20 kg N /fed. and bacterial inoculationt 40 kg N /fed. were applied.
Soybean seeds were inoculated with an cffective strain of
Bradvrizobium japonicum immediately before sowing. A split plot
design in strip form with three replicates was adopted for this
investigation. The plot size was 21 m’ consisting of 7 ridges 5 m long
and 60 cm apart.

The soil texture of the experimental site was sandy, moderate in
salt with high pH value (Table 1).

Sowing took place during the third week of May on both sides
of the ridge in hills 15 and 20 cm. Thinning was done to secure two
plants/hill at 20 days after sowing. Calcium super phosphate 15% P,0s
at the rate of 30 kg P,Os/fed and potassium sulphate (50% K,O) at the
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rate of 50 kg/fed. were added during land preparation. Bacterial
inoculation and nitrogen fertilizer in the form of ammonium nitrate
(33.5% N) were distributed randomly in sub-sub plots. The other
agricultural practices of soybean growing were done as recommended.

Table (1); Mechanical and chemical analyses of soil averaged over seasons.

| Mechanical analysis Chemical analysis
Clay 5.2% Available N ppm 35
Silt 10.6% Available P ppm 6
Fine sand 47.2% Available K ppm 50
Coarse sand 30.8% pH 8.2
Organic matter 0.8% E.C. (ds/m) 0.73
Calcium carbonate 54%
Texture Sandy

N-according to Jackson (1967), P according to Olscn er al. (1934) and K according to
Jackson (1967).

At harvest, twenty guarded plants were labcled in each
experimental unit (plot) to estimate the following characters:

1- Plant height (cm).

2- Number of branches/plant.

3- Number of pods/plant.

4- 100-seed weight (g).

5- Seed yield /plant (g).

6- Number of plants at harvest

7- Seed yield /feddan (ton): Seed yield of the central five ridges in
each plot was estimated and converted to tons /feddan.

8- Seed oil percentage: For the determination of seed oil percentage
Soxhlet continuous extraction apparatus was used according to the
method described in A.O.A.C. (1980).

9- Total nitrogen was estimated by using micro Kjeldahl method, as
described by A.O. A.C. (1980). protein content in seeds was
calculated by muitiplying the total nitrogen % by a factor of 6.25.

Irrigation water requirement (m’) was estimated in the different
irrigation systems using:

a) Flow-meter

b) Discharge of dripper (4L/hour/drip), gun system (30 m'/hour/gun)
and furrow system (60 m/hour/pcv tube 47).
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The data obtained were subjected to the proper statistical analysis
as outlined by Gomez and Gomez (1984). The treatment means were
compared using the new least significant difference (IN-LSD) as the
procedures outlined by Waller and Duncan (1969).

3. RESULTS AND DISCUSSION

3.1. Effect of irrigation systems

The data in Tables (2 and 3) show the effect of irrigation systems
on growth, yield and its components of soybean during the two seasons.
The results revealed that all estimated characters were significantly
affected by irrigation systems, in both seasons except no. of
branches/plant, leaf arca/plant, 100-seed weight and seed yield /plant in
one season only. Drip irrigation surpasscd the other two irrigation
systems (gun and furrow} in producing the highest seed yield/fed.
which was reflecled from its yield componz ~s. It is one of the last
innovation for applying water and fertilizer through emitters fixed on
proper distance on the lateral iines of the system (Bucks and Nakayane,
1980). The highest averages of all the characters studied were obtained
with drip irrigation. Gun irrigation camc in the second rank in this
concern, while the values of aforeinentioned traits were lower when
soybean plants were irrigated by furrow irrigation. Over both seasons.
soybean seed vyields wore 1.22, 1.24 and .44 tons/fed when irrigation
systems were furrow, gun and drip, respectively. These results are in
agreement with those obtained by Bakr ¢t ¢/ (1979) and Haikel and
Bassal (1956) who mentioned that in sandy seil, trickle (drip} irrigation
increased vield of soybean crop by 30% over furrow or sprinkier
irrigation. Also, Abdel-Aziz et al. (1987) mantioned that the highest
yield of fresh root and sucrose content of sugarbeet was nbtained with
using the drip mrigation system compared to other svstems. The
increase in seed yield under both drip and gun irrigaiion systems is
mainly due 10 encugh existence soil moisture in the vGot zone and
continuous water supply at the diffcrent growth stages. In addition,
fertilizers are not lost through deep percolation of irrigation water and
maintatning high nutrient concentration i the root zone. Also, slow
discharge rate of the drippers causes better aeration in the root zone.
These results are in line with those obtained by Bridge et af. (1976), El-
Wakeel (1979), Bassuny (1982) and Lin e/ /. (1986).



Table (2): Effect of irrigation systems, piant density and biological-mineral
nitrogen fertilization on growth, vield and yield components of
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sovbean in the two seasons.

[ Characters | Plant height No. of No. of pods | Leaf areaiplanﬂ
Treatments {cm) branches plant (em?)
/plant

2002 2003 | 2062 | 2003 | 2002 | 2003 | 2002 | 2003
A-Trrigation systems: )
 Furrow 6180166721 3.71 | 428 | 17.51 1851 | 60.40 | 67.08
Drip 67.95]74.24| 4.28 | 4.23 | 19.9 |21.61 : 67.11 ] 67.61
Gun 67.0 | 71.36 | 4.00 | 4.02 19.6720.58 | 64.65. 67.55 |
F-Test EE| ek * I NS | o#¢ | #x | oex | NS
IN-LSD (0.05) | 1.23 | 1.18 | 0.39 | — | 6.51 | 0.68 | 1.61 -
(0.01) 187 | L78 | — | — Le.‘rf 1.64 | 2.44
B- Plant densities:
15cm(186000P [ 71.43 {76.09 | 3.58 { 3.70 {17.0017.39{57.97 | 62.55
I./fed.) 59.73 1 65.47 | 4.41 | 4.65 |21.04|23.18|70.13| 72.28
20cm(1400001’ * & W * % * % w*x * % Tk w®%
1./fed.) 1.10 | 1.20 | 0.40 | 0.31 | 0.55 | 0.71 | 0.04 1.28
F-Test 1.80 | 1.60 | 0.60 | 0.50 | 0.60 | 0.83 | 1.38 | 1.42
N-LSD (0.05)
(0.01)
C-Bivlogical-mineral fertilization: _
20kg N/ffed | 57.81[63.54] 3.20 | 3.37 [ 15.80 | 6. 2| 56.07| 58.86
40 kg N/fed | 63.78 | 68.45] 3.93 | 4.00 | 18.26] 1 .61 | 62.81] 67.48
Inoculation | 66.47 | 71.84 | 4.00 | 4.20 | 19.48 | 20.75 65.22 | 68.31
Inocul.+20 kg|70.38  75.69 | 4.44 | 4.71 | 21.00 | 22.70 | 68.28 .  71.43
N/fed {69.42 7437 439 | 4.61 |20.49 |21.68|67.96 | 70.98
lnﬂcul.+40 !\g F*Hx R B d dek ®¥ & & Ex %%
N/fed 1L°8 | 1.50 | 0.39 | 0.29 | 0.56 | 0.66 | 1.05 i.38
F-Tes. 2.62 | 207 | 0.54 | 0.40 | 0.77 | 091 | 1.45 150
N-LSE (0.05) | |
(0.01) ! L 1
Interaciion:
AxB NS | == | NS ] 5 [ NS * [ NS| NS
AxC NS | NS | NS | NS | NS ) NS | *# %
BKC ; * * * % * ¥k ® R 1 *x NS &
AxBxC | NS * | NS * NS l NS | ** | NS




~260-

Tabie (3): Effect of irrigation systems, plant density and biological-mineral
nitrogen fertilization on growth, yield and yield components of
soybean in the two seasouns.

Characters|  1D0-seed Seed vield | No. of plants Seed yiekd Ol yield Protein yield
weight (g) /plant (g) 2t harvest (toned) {kg/Fed) {kg/fed)
T t: (1900 plant

200z | 2003 | 2002 | 2003 | 2002 [ 2003 [ 2002 | 2003 | 2002 | 2003 | 2002 | 2003

A-lrrigation systems:

Furrow 14.80 ; 1532 | 9.03 | 2.39 | 144.06|151.06| L[.19 124 1225.03 214,81 |365.107 42118
Drip 15.7¢ ;) 1548 ) 9.37 | 11.04 [ 158.47)164.83) 1.26 | 1.61 |260.72|253.23)438.25| 5150
Gun 14,85 { 1547 | 931 | 977 |iS033[151,99) 120 | 1.27 |236.41|229.22; 401.2 { 442,35
F'Tﬂt L] Ns Ns xR Lad EL ] * ELd *A il aw L1
N-LSD (0.0%) 064 | — - 028 | 561 | 621 | 0.04 | 0.04 | 19.81 | 1672 | 32.13 | 38.11L

{0,01) — - - 030 | 7.31 | 838 -— .07 | 22.35 | 18.89 | 37.41 43.02
B- Plant d i

15cem{ 186000 PLfed.) | 13.74 | 1435} 8,13 | 857 [166.20(173.53 | .23 | L.41 |257.25{151.36¢|501.82| 5338
T0cm( 140000 PLAfed.) | 16.49 | 16.5¢ | 19.38 | £1.56 |135.71 13840 | 1.20 | 1.34 |224.20| 213,52 381.50| 38%. 20

F-Test an P xx . P e P ax " P ak an

N-LSD (0.05) 0.5 033 § 035 | 0.23 | 645 J 698 | 0.04 807 | 1860 [ i1 | 3500 40.00
{0.01) 1,66 0.4z d46 | 031 §.20 3.36 | 0.06 0.08 {2232 1 21.6 | 40.00 46.00

C-Biological-mineral fertilization:

20 kg Nifed 12.66 | 13.28 | 7.79 | 8.50 |130.53; 146,71 | 090 1.06 |223.26|220.01{290.12} 339.2%

40 kg N/led 1479 | 1526 | 891 | 979 [15443]157.87( 1.17 | 1.34 |228.23)1225.03{36322] 39200

Taocoiation 15.66 | 15.68 | 9.44 | 1003 {5347 |154.60| 1.26 | 1.36 |239.72(230.023i398.00] 45038

Toocul.+20 kg Nifed 16.33 | 16,50 | 1017 | 11.08 | 162,66 |84,35]| 140 | 1.58 |261.50|247.01[498.11] 565.62
Inocul +40 kg Nifed 16,44 § 1639 | 995 | 10.92 | 153,68 156,27 1.35 | 1.51 {250.91{240.03 |458.12] 550.22

F-Test an % A E " K a % o £ 3 an

N-LSD (9.85) 043 | 038 | 036 | 028 | 431 | 593 | 0.04 | 0.06 | 20.36 | 16,25 [ 160.28| 132.18
_(0.01) 0.60 | 053 | 0.50 | 0.39 | 561 | 641 | 0.06 | 0.08 | 24,10 | 18,34 [ 180.84] 20561

B- Interaction:

AxB NS | NS | NS | * NS * NS > NS s NS *

AsC NS . [ PN - . NS . N . * .

BxC oy x e sx | NS | NS | w4 *n - wt * e

AxBxC * = | NS L\'S NS | NS | NS = | NS s NS .

3.1.1. Water requirements and costs

it is quite clear from the data listed in Table (4) that water
quantity in the whole scason was less under drip irrigation (3160 m’)
compared to gun system (5400 m’) and furrow one (7200 m’). The
results in Table (5) show that drip irrigation gave the least costs
compared to the other methods. Cost per ton of seed yield was 240.9,
479.0 and 649.2 L.E. for drip, gun and furrow irrigation systems,
respectively. As for water use efficiency (WUE) among the studied
methods, it is obvious that the drip system gave the best results (Table
5). Compared to the basic values 100 of WUE for the furrow irrigation
system, relative values were 270.6 and 135.3 for drip and gun systems,
respectively.

3.2. Effect of plant density

Planting distances had significant effects on all estimated
characters in both seasons (Tables 2 and 3). Increasing plant density
from 140000 (20 cm among the hills) to 186000 plant/fed (15 cm
between hills ) decreased the number of branches/plant, the number of
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pods/plant, leaf area /plant, 100-seed weight and seed yield/plant except
plant height, the number of plants at harvest, oil and protein yield and
seed yield/fed. Increasing plant height with increasing plant density
may be due to increasing competition for light due to dense planting.
Similar observations were reported by Abd El-Aal (1979) and Sharief
and El-Bially (1992). Seed yield /fed reached its maximum with sowing
186000 plant/fed and this may be gained due to the great amount of
light energy intercepted by the canopy per unit area. It is important to
explain that for low density all the characters (except plant height, oil
and protein yields kg/fed and seed vield/fed) were in higher value
because the low number of the plants per unit area had a bigger chance
to get more light and different nutrients and elements, but the increase
in seed yield /fed in dense planting is mainly attributed to the increase
in the number of plants/unit area. These results are in line with those
obtained by Zeyada er al. (1988), Mohamed (1991), Abbas (1993),
Haikel and Bassal (1996) and Salem ez al. (2000).

Table (4): Irrigation water requirements and irrigation costs for soybean
over two seasons.

Irrigation systems

Water requirements and costs Drip Gun Furrow
f- Water gquantity/hours/fed (m®) 56.0 60.0 60.0
2- Time of irrigation/fed/day (hour) 0.50 1.50 2.0
3- Water requirements/irrig./day (m®) (1 x 2) 28.0 9.0 1200
4- Number of irrig./fed/season. 120.0% 60.0%* 60.0%*
5- Water quantity/seasons (m'/fed). (3 x 4) 3160.0 5400.0 7200.0
6-Cost of one m’ of water (L.E). .11 0.11 0.11
7- Cost of irrig. of whole season (L.E.) (5 6). 347.6 594.0 792.0

* Irrigation cvery day. *¥ irrigation day after day.

Table (5}: Comparative yield and water use efficiency among irrigation
systems (average of two seasons).

Irrigation systems
Waier requirements and costs Drip Gun Furrow
1- Seed yield (ton/fed)* 1.44 .24 1.22
2- Cost of irrig./seasons (L.E)* 347.6 594.0 79240
3- Cost of irrig./ton (L.E). 240.9 479.0 649.2
4 Water use efficiency (WUE)(kg/m®)** 0.46 0.23 0.17
5- Relative amount WUE. 270.6 1353 100.0
* El-Buhaira govemorate
Grain yield (kg)
** WUE = {Plaut et ai, 1988)

Amount of irrigation water (m’)
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3.3. Biological-mineral nitrogen fertiiization

Several investigators reported that nitrogen fertilization caused
additional increase in growth and yield ( Tiwari et al., 1991 ). To
reduce the environmental pollution resulting from using more of
mineral nitrogen, inoculation of the soil or the seeds with bacteria helps
to avoid the environmental contamination. The results obtained in this
study {Tables 2 and 3) showed that all the characters under study were
significantly affected with increasing doses of nitrogen + biofertilizer
up to seed inoculation + 20 kg N/fed which resulted in the maximum
seed vield. oil yield and protein yield/fed, ie., 1.49 ton/fed, 2543
kg/fed and 531.9 kg /fed. respectively over two seasons, while
inoculation + 40 kg N/fed inhibited activity of bacteria and gave lower
values comparing to seed inoculation + 20 kg N/fed. This means that
the low nitrogen dose of 20 kg N/fed enhanced bacteria to fix nitrogen.
These results agree with the results of Abd El-All ef ai., 1996; and
Esaad er af. (1997). Biof:iilizers saved about 40 kg N/fed where the
treatment 40 kg N/fed gave seed yield 1.23 ton/fed over two seasons
and the treatment of inoculation with bacteria only gave seed yield/fed
of 1.31 ton. These results confirm the findings of Ishak er ol (1993)
and El-Aggory er al. (1996). The newly reclaimed soils are poor in its
nitrogen content and requirement of soybean to nitrogen is more than
60.0 kg N/fed. in this type of soil. The addition of 20.0 kg N/fed. and
inoculate the soil with bacicria is enough dose to cover tie req:irement
of soybean from nitroges:. In case of successful bacterial inoculation,
also this help to reduce ti: - nitrogenous pollution.

3.4 Interaction effects

The intcraction between irrigation systems and plant density
significantly affected plant height, ao. of branches/plant, no. of
pods/plant, seed yield/plant, no. of plants at harvest, sced yield/fed, oil
yield/fed and protein yield/fed (Tables 2 and 3) ir onc season only. The
highest value of seed yield 1.51 ton/fed. was produced by drip irrigation
with plant population 186000 plants/fed.. ie. 15 cm between the hills
(Table 6).

The interaction between irrigation systems and biological-
mineral nitrogen fertilization had marked effects on leaf area /plant,
seed yield/plant. no. of plants at harvest. seed yield/fed, ol vield/fed
and protein yield/fed. (Tables Z and 3). The highest values of the
previous mentioned traits were produced from drip irrigation and
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biological fertilize + 20 kg N/fed. The highest value of seed yield (1.83
ton/fed.) was obtained through drip irrigation and 20 kg N/fed
inoculated seed with Bradyizobium Japonicium bacteria, trcatment
{Table 7).

Concemning plant density x biological-mineral nitrogen
fertilization interaction, the maximum seed vield (1.7 ton/fed) was
obtained when 15 cm between hills and 20 kg N/fed + inoculated sced
treatment were applicd (Table 8).

Table (6): Average soybean seed yield (ton/fed) as affected by
the interaction between irrigation systems and piant
density in the second season.

Piant density

Irrigation systems 15cm 20 cm
Furrow 1.44 1.10
Drip 175 | 1.3%
Gun 1.52 | 1.20
F-Test **
N-LSD {0.05) 0.06

! (8.01) 0.10

Tabie (7):Average sovbean seed yield (tu./fed) as affected by the
interaction between irrigation systems and biological-mineral
nitrogen fertilization in _the second season,

Biological-mineral nitrogei. fertilization
Irrigation systems 2 3 4 '3 o
Furrow 0.94 1.29 11.31 1.41 1.36
Drip .27  |1.50 159 1.83 179
Gun 0.8 (123 1127 143 140
F-Test *
N-LSD (0.05) 0.1

(0.01) |

o

The interaction between plant density and biological-mineral
nitrogen fertitization had significant effect on plant height, no. of
branches/plant, no. of pods/plant, 100-seed weight, seed yield/plant.
seed yield/fed, oil yield /fed and protein yield/fed (Tables 2 and 3).
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Table (8):Average soybean seed yield (ton/fed) as affected by the
interaction between plant densities and Dbiolegical-mineral
nitrogen fertilization in the two seasons.

Biological-mineral nitrogen fertilization

2002 2003
Plant densities 1 B3 4 s 1 2 3 a4 s

15 cm (186000 Pl./fed.) |1.35 1.45 /1.44 [1.55
20 cm (140000 Pl./fed.) [0.46 |0.78 '1.08 1.27

1.651.8511.66 |
1.19 [1.43 |1.06

1.3710.76 10.97

1.411.56 1.60

F-Test * —{ **

N-LSD {0.05) 0.06 0.06 !
(0.01) 0.09 0.09

1. 20 kg Nifed 2. 40 kg Nifed 3. Inoculation

4. Inecul, + 20 kg N/fed 5. Inocal. + 40 kg N/fed

Table (9): Average sgybean seed yield (ton/fed} as affected by the
interaction among irrigation systems, plant densities and
biological-mineral nitrogen fertilization in the second season.

| irrigation Ir Plant density B:ologlca] -mineral nitrogen fertilization |
systems | 12 3 | 4 | 5 |
) l]40 000 plants/fed. 0. 62 1.00 ] 1.20 136 1 141
Furrow :

.186.000 plants/fed. | 1.41 |

1.58 | 1.42 144 | 143

L.

;Drip 140.000 plants/fed. | 0.73 | 1.05 \ 108 | 123 ‘ 1.41
186.000 plants/fed. | 1.92 | 142 | 1.48 | 1.96 | 1.44

Cun 140.000 plants/fed. | 0.55 | 0.86 | 129 | 1.7t | 187
186,000 plants/fed. | 137 | 159 | 168 | 1.1 |

F-test [
N.LSD(0.05) ‘
(0.01
The interaction among irrigation method, plant popuiation and
biological-mineral nitrogen fertilization had marked effects on plant
height, no. of branches/plant, leaf area/plant, 100-seed weight. secd
yield/fed, oil yield/fed and protein yield/fed. The highest value of seed
yield (1.96 ton/fed.) was obtained from drip irrigation with plant
population 186000 plants/fed. and biological fertilizer + 20 kg N/fed.
(Table 9}.
From these results, the recommendation could be reached that the
highest seed yield/fed can obtained when using drip irrigation system,
186000 plants per feddan and fertilization with 20 kg nitrogen per
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feddan + seed inoculation with bacieria under reclaimed sandy soil
conditions in west Delta.
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