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Growth, Yield and Chemical Constituents of Soybean (Glycin max L.) Plants as Affect
by Plant Spacing under Different Irrigation Intervals 
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Abstract: Two field experiments were conducted during two successive seasons to evaluate the effect of

irrigation intervals (7, 14, 21 days) and plant spacing (10, 20 and 30 cm) on soybean plants grown in clay

loam soil. The obtained results can be summarized in the following. Irrigation intervals significantly

affected the growth, and yield parameter i.e. plant height, plant dry weight, No. of seeds/yields/fed. The

highest values of the previous parameters were obtained by irrigation interval of 14 days as compared with

those of 7 and 21 days. All the growth and yield components were significantly affected by plant spacing

treatments in both seasons, except No. of seeds/pod. Increasing plant spacing to 30 cm increased the plant

height, plant dry weight, No. of seeds/plant, weight of pods/plant and seed index. The highest values of

the previous parameter were reached by 30 cm spacing between hills. The grain and straw yields/fed. of

soybean significantly increased by increasing plant density, due to narrow spacing (10 cm) between hills.

The interaction between irrigation intervals and plant spacing between hills significantly affected all the

growth and yield parameters except No. of branches/plant and No. of seeds/pod. The highest values of

growth and yield components were attained under irrigation interval of 14 days and plant spacing of 30

cm between hills. While the lowest ones were found under irrigation intervals of 7 days and plant spacing

of 10 cm. Irrigation intervals of 14 days gave the highest values of the concentration of N, P, K, Mn and

Fe as well as seed protein%, when they compared with those obtained by the other two irrigation

intervals. The highest values of the concentration of N, P, K, Mn and Fe in the soybean seeds were

obtained  at  plant  spacing  of  30  cm between hills followed by 20 and 10 cm in decreasing order.

The interaction between irrigation intervals and plant spacing significantly affected the concentrations of

N, P, K, Mn and Fe in soybean seeds. The highest values were obtained under irrigation interval 14 day

and plant spacing of 30 cm, while the lowest ones were attained under irrigation interval of 7 days and

plant spacing of 10 cm between hills.
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INTRODUCTION

 

Expansion in the cultivation of nontraditional crops

such as soybean, sugar beat and sunflower is a new

dimension in the agricultural policy of Egypt. These

crops are introduced as a result of intensive economical

and feasibility studies. 

Soybean (Glycin max L. Merr) is considered one

of the most important legume crops in the world as

well as in Egypt. It can provide oils and vegetable

protein suitable for feeding humans as well as animals.

Increasing the productivity of this crop under Egyptian

condition is a subject of continuous investigation in the

last few years.

It is well known that adequate water supply and

plant spacing are considered very important factors

which affect the accumulation of dry matter in the

plant as well as the vegetative growth of most crops.

Irrigation is one of the important factors affecting

soybean growth, yield and its related components.

Exposing soybean plants to soil moisture stress at any

phase of its life cycle might lead to detrimental effect

on growth, yield and its components. The effect of

irrigation intervals as well as soil moisture stress was

studied by several investigators: Abdel-Gawad et al., ,[1]

Abdalla, Safia et al., ; Kassim and Shams El-Din ,[2] [3]

Mekki et al., and Ibrahim et al.,  concluded that[4] [5]

grain and Stover yield increased with irrigation applied

at 20 % available soil moisture depletion and showed

that water stress reduced panicle extension panicle

length, plant height, panicle number, 500 seed weight,

grain yield and total dry weight. They found no

significant differences among irrigation regimes in yield

and  yield  components  except  in  oil  yield/fed. of



Res. J. Agric. & Biol. Sci., 3(6): 657-663, 2007

658

soybean. They added that increasing soil moisture

depletion to 80 % showed a harmful effect on the yield

and yield components.

The effect of plant spacing on growth, yield and

chemical constituents of soybean has not bean

intensively investigated. In this concern David and

Joshua  found limited available information on early[6]

soybean production system (ESPS). Furthermore the

effect of intermittent drought stress on the response of

ESPS to plant population and row-spicing alteration has

not been fully explored. El-Hariri and Ahmed  and[7]

Norsworthy and Emerson  stated that increase plant[8]

density produced linear yield increases, although, the

yield components such as number of heads/plant and

seed index were decreased. They added that branching

was reduced at high plant population and recommended

populations are higher for narrow- row soybean

production than in wide– row production. 

The aim of the present work is to study the effect

of irrigation intervals, plant spacing and their

interaction on the growth, and yield as well as the

chemical constituents of soybean plants. 

MATERIALS AND METHODS

Two field experiments were conducted during two

successive seasons at the agricultural experimental farm

of the faculty of Agriculture, Ain-Shams Univ. at

shoubra El-Khema to evaluate the effect of irrigation

intervals and plant spacing between hills on growth,

yield and chemical constituent of soybean plants. The

mechanical analyses of the experimental soil are shown

in table (1). 

Each experiment included 9 treatments which were

combinations of 3 irrigation intervals (7, 14 and 21

days) and 3 plant spacing (10, 20 and 30 cm). The

experimental design was a split plot with four

replicates. The irrigation intervals were assigned to the

main plots, while the plant spacing was arranged into

the subplots (area of one plot is 3.5 * 3 m).

Soybean seeds variety Calland were sown at a rate

of 40 kg/fed. on May 15 and June 3 of the two

growing seasons respectively. Inoculation of seeds with

appropriate strain of Rhizobium Japonicum was carried

out at sowing.

Calcium superphosphate (15.5 %) was applied

before sowing in both seasons at a rate of 31 kg

2 5P O /fed. potassium sulphate were added to the soil at

2a rate of 48 kg K O/fed. ammonium sulphate with a

rate of 30 kg N/fed. was added just before the second

irrigation. Plants were thinned three weeks after sowing

at one plant/hill. The normal cultural practices of

growing soybean plant were followed till harvest. 

Table 1: Mechanical and chemical analysis of the used soil. 
Soil analysis
Mechanical analysis
Sand % 22.2
Silt % 52.6
Clay % 25.0
Texture Silty loam
Field capacity % 28.1
Wilting percentage % 13.2
Available water % 17.9
Chemical analysis
Organic matter % 1.93
pH 8.40

3CaCO  % 2.03
E.C dsm 0.50-1

Nitrogen % 0.20
Phosphorus % 0.26
Potassium % 0.38

The quantity of irrigation water in m  added to3

every treatment was calculated according to . The[9]

first and second irrigation were applied after 10 and 20

days from planting date.

The total amount of water applied in m /fed.3

including the first and second irrigations were 1983.2,

1396.7 and 919.9 m /fed. in the first season and3

2003.7, 1416.1 and 939.7 m /fed. in the second season3

for irrigation intervals of 7, 14 and 21 days

respectively.

Samples of ten soybean plants from each plot wee

taken, 90 days from sowing to determine the following

characters: plant height, plant dry weight and number

of branches per plant. 

At harvest time, the following data were recorded:

No. of seeds/pod, No. of seeds/plant, weight of

pods/plant, seed index and seed and straw yields

kg/fed.

Samples were taken from the seeds of each

treatment for the determination of macro and

micronutrients as well as seed oil and protein content

using standard methods described by Lindsay and

Norvell , Cottenie et al., , Jackson and[10] [11] [12] 

A.O.A.C. .[13]

All the collected data were subjected to standard

analysis of variance procedures and means were

compared by Duncans multiple range test . [14]

RESULTS AND DISCUSSIONS

Growth and Yield: The effects of irrigation intervals,

plant spacing and their interaction on growth and yield

parameters of soybean plants grown for two successive

seasons are shown in Tables 2 and 3.

Effect of Irrigation Intervals: Data indicate that

irrigation intervals significantly affected plant height,

plant   dry weight, No. of seeds per plant, weight of 
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Table 2: Effect of irrigation intervals, plant spacing and their interactions on growth and yield parameters of soybean plants (first season).
Plant Plant Dry No. of No.of No.of Wt. of Pods Seed Seed Straw
Height weight branches/ Seeds/ Seeds/ /plant Index  Yield Yield 
(Cm) (gm) plant pod plant (gm) (gm) Kg/fed. Kg/fed.

Irrigation interval
7 days 51.2 b 16.34 c 1.81 a 2.28 a 138.8 b 21.5 c 15.4 b 622.4 b 1456.8 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 days 63.9 a 26.74 a 1.82 a 2.32 a 143.7 a 25.3 a 16.9 a 675.6 a 1560.2 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 days 53.1 b 20.26 b 1.81 a 2.28 a 137.9 b 22.3 b 16.0 b 619.0 b 1457.5 b
Plant spacing
10 Cm 50.8 b 18.64 b 1.82 a 2.30 a 133.2 c 21.7 c 15.5 c 660.0 a 1548.3 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 Cm 56.4 ab 20.1 ab 1.81 a 2.34 a 140.1 b 22.8 b 16.0 b 649.8 b 1502.0 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 Cm 61.0 a 23.88 a 1.81 a 2.24 a 147.1 a 24.6 a 16.8 a 607.2 c 1424.2 c
Interaction
7 days  10 Cm 46.5 f 16.15 e 1.81 a 2.24 a 131.9 d 20.5  e 14.8 e 640.5 c 1504.1 c

------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 52.9 d 16.22 e 1.82 a 2.33 a 138.5 c 21.6 d 15.5 c 626.4 d 1460.6 e

------------------------------------------------------------------------------------------------------------------------------------------------------------
         30 Cm 54.2 d 16.64 e 1.80 a 2.26 a 145.9 b 22.5 c 15.8 c 600.2 e 1405.6 f
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 days 10 Cm 57.8 c 22.50 bc 1.83 a 2.28 a 135.0 d 22.6 c 16.1 c 708.4 a 1637.7 a

------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 62.3 b 26.15 b 1.80 a 2.44 a 143.7 b 24.9 b 16.7 b 696.4 b 1575.8 b

------------------------------------------------------------------------------------------------------------------------------------------------------------
         30 Cm 71.6 a 31.56 a 1.84 a 2.25 a 152.3 a 28.4 a 17.8 a 622.0 d 1467.2 de
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21days  10 Cm 48.0 e 17.26 d 1.81 a 2.37 a 132.6 d 21.9 d 15.6 c 631.1 cd 1503.0 c

------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 53.9 d 20.06 d 1.82 a 2.26 a 138.1 c 21.9 d 15.7 c 626.6 d 1469.6 de

------------------------------------------------------------------------------------------------------------------------------------------------------------
         30 Cm 57.3 c 23.45 bc 1.80 a 2.20 a 143.0 b 23.0 c 16.7 b 59.4 e 1399.8 f
Means designated by the same letter are not significantly different at the5 % level, according to Duncan s multiple range test.,

Table 3: Effect of irrigation intervals, plant spacing and their interactions on growth and yield parameters of soybean plants (second season).
Plant Plant Dry No. of No. of No. of Wt. of Seed Seed Straw
Height weight branches/ Seeds/ Seeds/ Pods/plant Index  Yield Yield 
(Cm) (gm) plant pod plant (gm) (gm) Kg/fed. Kg/fed.

Irrigation interval
7 days 53.0 b 17.53 c 1.90 a 2.30 a 153.7 b 23.6 b 15.5 b 620.8 b 1429.5 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 days 65.4 a 29.36 a 1.91 a 2.45 a 160.8 a 25.6 a 16.2 a 696.1 a 1525.0 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 days 55.5 b 22.15 1.89 a 2.33 a 154.8 b 23.9 b 15.2 b 622.4 b 1428.0 b
Plant spacing
10 Cm 52.3 b 20.63 b 1.90 a 2.41 a 142.1 c 23.3 c 14.8 c 663.5 a 1436.9 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 Cm 55.9 b 22.73 ab 1.90 a 2.32 a 152.6 b 24.6 b 15.6 b 656.6 b 1430.4 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 Cm 64.4 a 25.67 a 1.90 a 2.36 a 174.7 a 25.3 a 16.5 a 619.1 c 1421.8 c
Interaction
7 days  10 Cm 50.0 c 16.96 d 1.90 a 2.40 a 140.3 g 22.7 e 14.7 ef 630.6 d 1436.9 cd

------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 51.8 d 18.15 d 1.89 a 2.28 a 149.4 e 23.9 d 15.8 bc 630.1 d 1430.0 cd

------------------------------------------------------------------------------------------------------------------------------------------------------------
         30 Cm 56.5 c 17.48 d 1.91 a 2.21 a 171.4 b 24.2 c 15.9 bc 601.8 e 1421.2 de
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 day  10 Cm 56.1 c 23.62 c 1.92 a 2.49 a 145.6 f 23.8 d 15.3 cde 727.1 a 1609.1 a

------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 61.8 b 28.56 b 1.92 a 2.43 a 155.8 c 25.5 b 16.0 b 710.0 b 1486.5 b

------------------------------------------------------------------------------------------------------------------------------------------------------------
       30 Cm 74.3 a 35.89 a 1.88 a 2.44 a 181.2 b 27.5 a 17.4 a 651.1 c 1479.4 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21days  10 Cm 50.7 d 21.31 cd 1.89 a 2.33 a 140.4 g 23.3 d 14.3 e 632.9 d 1440.3 c

------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 54.1 cd 21.48 cd 1.89 a 2.25 a 152.5 d 24.3 c 15.1 de 629.6 d 1431.7 cd

------------------------------------------------------------------------------------------------------------------------------------------------------------
         30 Cm 62.3 b 23.65 c 1.90 a 2.42 a 171.5 b 24.2 c 16.3 b 604.6 e 1412.8 f
Means designated by the same letter are not significantly different at the5 % level, according to Duncan s multiple range test.,
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pods per plant, seed index and seed & straw yields per

feddan. The highest values of the previous parameters

were attained by irrigation interval of 14 days as

compared with those of 7 and 21 days. There was non

significant  differences  between  the irrigation

intervals of  7  and 21 days on the previous parameters

except  plant dry weight in the two growing seasons

and weight of pods per plant in the first growing

season, where the values of irrigation interval 21 day

was significantly higher than that of 7 days (Tables 2

and 3). These result are in good agreement with those

obtained by Abdel-Gawad et al., , Al-Kaisi and Yin[1]

and Ibrahime et al.,  who found that irrigation[15] [5]

interval of 14 days caused significantly increase in the

No. and weight of pods, seeds per plant as well as

seed index of soybean plants. Also, they reported that

irrigation at the rate of 0.80 of the estimated

evapotranspiration (ET) gave the best management

system for optimum water use efficiency (WUE) as

compared with those rates of 0.60 and 1.0 of the (ET).

Furthermore, they revealed that the integrated use of 50

% of the available soil moisture depletion status

(ASMD) had a greater beneficial effect as compared to

both of 30 and 70 % ASMD. Moreover, irrigating

maize plant at 50 % ASMD achieved a significant

increase for water use efficiency, where it tended to be

reduced at 30 and 70 % ASMD by 36.06 and 13.85 %

respectively. This may be due to the plant roots which

can extract more soil water from a greater depth under

moderate stress as compared to those irrigated at a

relatively wet or drought levels. 

In general, the aforementioned results of soil

moisture stress increasing by using irrigation interval of

21 days or decreasing by using irrigation interval of 7

days, soil moisture stress may be attributed to the

unbalanced soil water-air relations that lead to reducing

the photosynthesis activity and unbalanced relations

between plant hormones and biological processes in the

whole plant organs. These adverse conditions in the

treated soil are undoubtedly of great importance

throughout the vegetative growth and dry matter

accumulation in soybean plants. This hypothesis was

confirmed by Kerlous-Amany . [16]

On  the  other hand, data presented in Tables 2

and 3 show that irrigation intervals did not exert any

significant effect on No. of branches/plant and No. of

seeds per pod. These results were true for the two

growing  seasons.  Abdalla, Safia et al.,  and Mekki[2]

et al.,  found that there were non statistical differences[4]

among irrigation regimes and No. of branches per plant

and oil % of soybean plants grown for two seasons. 

Effect of Plant Spacing: All the growth and yield

components under study were significantly affected by

plant spacing treatments in both seasons, except No. of

branches/plant and No. of seeds /pod (Tables 2 and 3).

Increasing plant spacing up to 30 cm gradually

increased the plant height, plant dry weight, No. of

seeds/plant, weight of pod/plant and seed index. The

highest values of the previous parameters were reached

by 30 cm spacing between hills. This effect was

expected as a result of wider space for each plant and

consequently less competition between plants on

available water and nutrient in soil beside sun light.

Data also indicate that seed and straw yields per

feddan were significantly affected by plant spacing in

both seasons. There was an inverse relationship

between plant spacing and seed & straw yields per

feddan. While, the highest yields were obtained from

planting at 10 cm between hills, the lowest ones were

attained from 30 cm in both seasons. These results

revealed that increasing plant population per feddan

overcome the reduction in seed and straw yields per

plant that obtained from narrow spacing.

Generally, grain and straw yield of soybean

significantly increased by increasing plant density, due

to narrow spacing (10 cm) between hills. It is evident

that, the increase in number of plants per fed.,

compensated the decrease of grain and intensive

competition for light under such dense planting

conditions. This effect was rather expected, and the

dense planting was designed to create and enhance

intensive competition among soybean plants. These

results are in agreement with those reported by El-

Hariri et al., , Ogoshi et al., , El-Gazzar and Salwa[17] [18]

, Norsworthy and Emerson  and Shapiro and[19] [8]

Wortmann who reported that sowing oilseed rape[20] 

plant at distance 10 Cm between plants produced the

highest significant values from seeds weight/pod,

weight of pod, as well as the highest significant values

from seed yield/fed. as compered with the other two

distances 20 and 30 cm between plants. They added

that decreasing row spacing from 0.76 to 0.51 m

resulted in 4 % more in grain yield of soybean, and

found that increasing plant density significantly

increased soybean yield. Moreover, they illustrated

substantial differences in yield of soybean plants

planted at lower than recommended populations. 

Effect of the Interaction Between Irrigation

Intervals and Plant Spacing: The interaction between

irrigation intervals and plant spacing between hills

significantly affected all the growth and yield

parameters except No. of branches/plant and No. of

seeds/pod which were not greatly affected. The highest

values of growth and yield components were attained

under irrigation interval of 14 days and plant spacing

of  30  cm between hills, while the lowest ones were
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Table 4: Effect of irrigation intervals, plant spacing and their interactions on chemical constituents of soybean grains (average of the two
growing seasons).

Macronutrients mg/g seeds Micronutrients mg/g seeds
-------------------------------------------- -------------------------------------------------------- Oil seed % Seed protein %
N P K Mn Fe Cu Zn

Irrigation interval
7 days 51.57 c 15.47 b 18.93 b 123.73 b 77.47 b 15.56 a 3.47 a 19.29 a 27.33 c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 days 55.50 a 16.97 a 21.00 a 129.53 a 82.43 a 15.71 a 3.54 a 19.03 a 28.77 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21 days 53.47 b 15.60 b 19.53 b 124.70 b 78.50 b 15.67 a 3.51 a 19.00 a 28.13 b
Plant spacing
10 Cm 49.80 c 15.03 b 18.77 c 122.90 c 75.77 c 15.69 a 3.48 a 19.33 a 27.42 c
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
20 Cm 53.23 b 15.94 b 19.57 b 125.43 b 79.07 b 15.66 a 3.47 a 19.01 a 27.87 b
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
30 Cm 57.50 a 17.07 a 21.07 a 129.63 a 83.57 a 15.72 a 3.57 a 18.98 a 28.90 a
Interaction
7 days  10 Cm 48.30 f 14.80 e 17.90 f 120.60 e 73.60 e 15.45 a 3.47 a 19.97 a 26.70 a

-------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 50.20 e 15.32 d 18.80 d 123.80 d 78.00 c 15.60 a 3.44 a 18.93 a 27.20 a

-------------------------------------------------------------------------------------------------------------------------------------------------------------
         30 Cm 56.20 b 16.21 c 20.10 b 236.80 c 80.80 b 15.64 a 3.54 a 18.97 a 28.10 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
14 days 10 Cm 51.01 c 15.40 d 19.80 d 126.30 c 78.40 e 15.65 a 3.50 a 19.07 a 27.10 a

-------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 56.30 b 17.30 b 20.60 b 128.10 b 80.30 b 15.70 a 3.51 a 19.03 a 28.50 a

-------------------------------------------------------------------------------------------------------------------------------------------------------------
         30 Cm 59.20 a 18.20 a 22.40 a 134.20 a 88.60 a 15.80 a 3.60 a 19.00 a 29.70 a
----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
21days  10 Cm 50.10 e 14.90 e 18.60 e 121.80 e 75.30 d 15.60 a 3.48 a 18.97 a 27.60 a

-------------------------------------------------------------------------------------------------------------------------------------------------------------
         20 Cm 53.20 d 15.20 d 19.30 c 124.40 d 78.90 c 15.68 a 3.48 a 19.07 a 27.90 a

-------------------------------------------------------------------------------------------------------------------------------------------------------------
         30 Cm 57.10 cd 16.80 c 20.07 b 127.90 b 81.30 b 15.73 a 3.59 a 18.97 a 28.90 a
Means designated by the same letter are not significantly different at the5 % level, according to Duncan s multiple range test.,

obtained under irrigation interval of 7 days and plant

spacing of 10 cm between hills. The values of

irrigation interval of 7 days took the intermediate

between irrigation intervals of 21 and 14 days.

Moreover, the highest seed and straw yields per feddan

were obtained by applying the irrigation interval of 14

days and plant spacing of 10 cm between hills, while

the lowest values were obtained by using the irrigation

intervals of 7 and 21 days and planting spacing of 30

cm between hills. 

Chemical Constituents of Soybean: 

Effect of Irrigation Intervals: It is clear from the

presented data in Table (4) that the concentrations of

N, P, K, Mn and Fe as well as seed protein % were

significantly affected by irrigation intervals, while

concentrations of Cu and Zn as well as oil % did not

show any significant effect by irrigation intervals. 

The irrigation intervals of 14 days gave the highest

values of the previous parameters when compared with

those obtained by the other two irrigation intervals of

7 and 21 days. The obtained results may be due to the

beneficial effect of irrigation interval of 7 days; where,

the available moisture depletion could be explained by

enhancing plant growth and protecting soil fertility in

the long run, that can be achieved through maintaining

a good soil water-air relation for mechanism of

nutrients uptake by soybean roots. Thus, these

favorable soil conditions are more related to suitable

medium in which can germinate, roots can grow and

more necessary nutrients can be available. As

mentioned before, such effect being dependent on the

moisture content of concerned available soil moisture

depletion  along  with its applied rate or the initial

state in soil, especially its minimum and maximum

ratio. It may be attributed to the poor soil aeration, at

the excess moisture content (irrigation interval of 7

days) as well as the drought regimes (irrigation interval

of 21 days) are caused more immobile form for a

nutrient is the more its uptake, which depends on

proximity of the activity of absorption mechanism by

roots .[21]

The irrigation interval of 21 days significantly

increased the nitrogen content (mg/g seeds) and seed

protein % when compared with irrigation interval of 7

days (Table 4). In this connection Konno et al.,[22]
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reported that excess irrigation water decreased the

protein content of soybean seeds and raised its content

of fats and nitrogen free extract substances.

Furthermore, Kuo and Boersma  stated that soybean[23]

plants in the low surface soil moisture fixed less than

25 % of that fixed from N by those in the high surface

soil moisture. Data presented in Table (4) show that

seed oil content was not affected by irrigation intervals.

Data also show that the concentrations of P, K, Mn

and Fe in soybean grains were not affected by using

the irrigation interval of 21 days as compared with the

irrigation interval of 7 days. These obtained results are

consonance with the findings of .[24,25,5]

Effect of Plant Spacing: It is clear from the data

presented in Table (4) that increasing the plant spacing

from 10 to 30 cm significantly increased the

concentrations of N, P, K, Mn and Fe in the soybean

seeds. The highest values of the previous nutrients

were obtained when the plant spacing of 30 cm

between hills was used followed by plant spacing of 20

cm and 10 cm in decreasing order. These results

demonstrat that the content of the studied nutrients in

soybean plants increased remarked by and consistently

by widening distance between plants. The great soil

volume through which the roots are ramified in thin

planting and the high competition between plants for

height and minerals in dense planting might account

much for this finding. Generally the increasing of

nutrient concentration in the widening plant spacing

may be due to the reducing of competition among

plants for water, sunlight, and nutrients. The obtained

results were confirmed by those obtained by El-Zawily

et al., . [26]

Data presented in Table (4) show that the plant

spacing did not effect the concentration of Cu, Zn and

oil % in the soybean seeds. While it significantly

increased the seed protein %. The highest levels were

obtained by using the plant spacing of 30 cm followed

by 20 and 10 cm in decreasing order. In this

connection Salem  showed that the spacing between[27]

hills had no effect on oil percentage and protein

percentage.

Effect of the Interactions Between Irrigation

Intervals and Plant Spacing: The interaction between

irrigation intervals and plant spacing significantly

affected the concentration of N, P, K, Mn and Fe in

the  soybean  seeds.  The  highest values were

obtained  under  irrigation  interval  of 14 days and

the  plant  spacing  of  30  cm between hills. While

the  lowest  ones, were attained under irrigation

interval of 7 days and plant spacing of 10 cm between

hills. Data also show that the interaction between

irrigation and plant spacing did not exert any

significant effect on the concentration of Cu and Zn as

well as oil seed % and seed protein %. 
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