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FEFECT OF GROUND WATER LEVEL ON LEGUME CROPS IN
FAYOUM GOVERNORATE:
> - GONTRIBUTION OF GROUND WATER TOD
CVAPOTRANSPIRATION ASSOCIATED WITH BIOLOGICAL
NITROGEN FIXATION BY SOYBEAN

£El-Shakweer, M.H.A. and [.M_El-Samanoudy
Department of Soil & Water Science,
Fi-Fayoum Faculty of Agriculture, Fayoum, Eqypt.
ABSTRACT

Soybean (Glyecine max (L) Mer.) variety columbus was pla=-
nted in 4 plots of different ground water depths in the farm
of El-Fayoum Feculty of Agriculture. The weighted averages
of the ground water levels were 51.9, 70.6, B7.5 and 115.6
em. So0il moisture depletion by the crap throughout the gro-
wth season was found 57.6, 66.2, 74.5 and 89.2_cm, respec-
tively. The econtribution from graund water was estimated to
be 33.6, 25.0, 16.7 and 2.0 cm, respectively and was found
to he negatively correlated to the ground water depth (r =
-0.9995). The linear regression equation was:contribution
to evapotransiration, cm = 59.78 -(0.4973 x depth of ground
water, om), At the ground water depth of 70.6 cm, optimum num-
ber and dry weight of nodules, nitrogenase activity, nitro-
gen canfent, straw dry weight and yield of soybean plants
were obtained. Crain yield of the 70.5 cm ground water depth
plot was 118, 116 and 136% of that of the 51.9, 87.5 and 115.6
cm - ground water depth plots, respectively. At the 70.6 cm
around water depth plot, the contribution from ground water
to evapatranspirstion by soybean plants was 37.8% of the soil
moisture depletion and was 27.4% of the consumptive use.

INTRODUCTIODN

Suybean crop proved potential for improving grain legume
production (Hamdi, 1982). Its acreage in Egyptian agriculture
was about 4000 ascre during 1973 and increased to 150,000 ac-
re during 1984.

shallow ground water levels dominate thr&ughout the arab-
le land in Egypt affecting the yield of field crops (Balba
et 81 1975). The upward movement of ground water level is
expected to affect soil moisture (Varallyay, 1981) and co-
nsequently the needs of crops for irrigation (Barakat et al
1971 and E1-Gibali and Badawi 1978),
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Assesment @f the econtribution of groind water to evepotran-
spiration has been studied on field crops (Barakat et al 1972,
Wallender et al 1979 and Hassan 1980) while with legumes on-
Iy little attention was devoted to faba bean (El-Shakweer el
al 1982 b). '

The present work aimed to stucdy the contribution of the
ground water to evapolranspivation by soybean and 1ts relat-
jon with its biolegical nitragen fixation at different gr-
ound water depths under field conditions.

MATERIALS AND METHODS

Four sites of the farm of El-Fayoum Faculty of Agriclture
characterized by different ground water depths were chosen
for this study. Soil characteristics af these sites ag dete-
emined according to:Black et al (1965) were :' sand, from 24.4
to 24.9%:; silt, from 33.7 to 34.0%; clay, from 41.2 to 41.7%;
textural class, clay; field capecity, from 47.5 to 47.8%;
wilting point; from 21.4 to 21.6%; organic mattexr, from 1.52
to 1.57%; totel carbonates, from 2.04 to 2.16%; E €, from
1.48 ta 1.50 mmhos/cm at 25°C and pH of saturated soi l-water
paste, from 7.9 to 8.Z. The electrical conductivity of ground
water in khe sites was found from 2.76 to 0 .82 mmhos/cm a £25°C.

At each site, 4 random replicates were prepared for the ex-
periment. For each replicate, 3 observation wells af 10 em
diameter were dug and an area of I8 m? i.e. 7.9 x 2.4 m con-

tained & rows, 60 cm apart was sown to soybean (Glycine max
(L) Merr.) variety Columbus at B/5/1783.

In each site, superphosphate and potassium sulphate fert-
ilizers were added before sowing at the rate of 300 and 100
kg./acre, respectively. At sowing, the seeds were treated wi-
th effective local rhizobial inoculum (Okadin).

Irrigation took place on R/5/1983, 1/6/1983, 10/6/1983,
21/6/1983, 1/7/1983, 11/7/1983, 23/7/1983 and 1/8/1983.

Ground water depth was measured in the pbservation wel-
1s by means of a graduated tape 15 times during the growth
season.

fo find out the contribution of the ground water to the
evapotranspiration by saoybean crop, the moisture depleted
from the soil by the crop throughout the growth season was
determined and subtracted from a theoretically caleulated
gvapotranspiration under soybean cropped from 8/5/1983 to
26/8/1983. Calculations of the evapatranspiration was based
on the modified Penman equation (FAD, 1579) :
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nt (1 = W), F (u). (ea - ed)
Potential evapotranspiration, mm/day .
Temperature and ﬂltitude-depending weighted
factor.
Total net radiation. U
Wind - related Fuxction = 0,27 (14=2), where
Uz is the wind speed in Km/day measured akoﬁnight of
- 2 m,
(e —ed): Vapour pressure deficet i.e. the difference between
" saturation vapour pressure (e ) in mbar at mean air

temperature and actual vapour pressure (e ) in mbar,

The actual evapotranspiration (E T ) was calculated by
multiplying the potential evapotranspf%gtion (E 7)) by the
crop coefficient (K ) recommended by F A 0 (1979)P

For the determination of moisture depletion by the soyb-
ean crop, sSo0il moisture content was determined in the seil
layers shove the ground water level every 30 cm-depth Just
before irrigstion and subtracted from the normal Field ca-

pacity on a volume basis. Sgil sampling was carried gut by
means of a soil tube (Black et al 1965) .

After 56 days of sowing, 20 plants were sampled from each
replicate. The plant sample was carefully uprooted and the
rant wes rinsed in tap water, then, in distilled water, exci-
sed and subjected to nitrogenase activity measuuement by the
aretylene reduction technique (Hardy et al, 1973). The effec
tive nedules of the root wepe counted and their dry weight
(68-70°C) was determined. Ory weights of shoots and raots we-
re recorder and their nitrogen contents were determined ace-
ording to Cattenie (1980).

At marvest (108 days after sowing), 20 plants were sampled
from each replicate and the number and dry weight of their
pods ‘and grains were recorded. The harvested grains of the
whole plants of the replicate were weighed.

Statistical analysis of the obtained data were conducted
according to Steel and Torrie (1960).

RESULTS AND DISCUSSIONS

fable (1) shows the ground water level measurements during
the growing season of soybean in the tested sites. Tt vari-
ed from 47.8 teo 55.6, from 67.4 to 72.3, from 84.9 to B9.5
and from 113.6 to 116.7 em below soil surface in the sites
No's 4, 7, 8 and 9, respectively, The earresponding weighted
‘averages of the seasan were 21.9, 70,6, B7.5 and 115.6 cm,
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respectively.

Table (2) shows the soil moisture depletion of the tested
sites throughout the growth season of soybean. figure 1 shows
that cumulative soil moisture depletien of the sSpason was
57.9, 66.2, 74.5 and B9.2 cm in the sites No's 4, 7, 8 and 9
respectively.

The data of the theoretical consumptive use of moisture
by soybean crop during its growth season from B/5/1983 to
26/8/1983, as calculated by the General Directorate of irri-
gation in Fayoum according to the modified Penman Farmula
using Fayoum meteorological data and the recommrnded coeffi-
cient For soybean, were found :

May Jupe July August

W 0.72 0.77 0.78 0.81
Rn’ mm/day 5.5 5.6 5.8 6.0

F(u) 0.90 0.88 0.86 0.85
(ea—ed), mbar 17.4 17.6 19.8 20.2
K 1.0 1.02 1.04 1.0a
Dgya of growth season 22 30 31 26

£ Iu"t mm/monkh 185.4 240.9 266.5 219.6

Thus, the total actual evapotranspiration ( ET. ). of
the growth season of soybean was 91.2 cm i.e. 3830 m &fedd_

ar .

Table (3) shows that the contribukion of ground water to
evapotranspiration by soybean plants as defined before was
33.6, 25.0, 16.7 and 2.0 cm in the sites, respectively. The-
se values corresponded to 36.8, 27.4, 18.3 and 2.2% of the
theoretical consumptive use, respectively. The contribution
of ground water to evapotranspiration by soybean plants was
found negatively correlated to the depth of ground water (r=
-0.995). figure 2 shows the simple linear regression relation
between ground water depth and contribution from ground water
to evatranspiration by soybean. The linear regression equation
was Found '+ comtribution to evapotranspiration, cm = $9.78
-(0.4973 x depth of ground water, cm), provided the ground
water depth ranges between 47.8 and 116.7 cm. under the ex-
perimeatal conditions.These results confirm previous wWorTks
by Bouyoucus (1953), Eagleman and Decker (1965), Vincent
(1965), El-Gibali and Badawi(1978), Wallender et al (1979)
and Hassan (1980).

Table (4) shows the mesan values of biclogical nitrogen
fixation parameters of soybean plant 56 days old and the

-93.




vield components at harvest as aflfected by ground water depth.
felative values of the tested characteristics, as seen in
[iqure 3, were increased with the depth of ground water up
e 7006 em then decreased with further depth. With the 70.6
co=-ground water depth, the increases aof the tested characlte-
ristics varied and ranged from 13 to 58% higher than thet of
[he 51.7 em-ground water depth. 1t could be concluded that
the ground water depth of 70.6 cm was optimum for all of the
tested binlogical nitroge (ixation and yield parameters of
the soybean plant. Under this optimumground water depth, so-
il moisture depleted by soybean plants was 66.2 em (72.6%

of the consumptive use) and contribution from ground water
to evapotranspiration was 25.0 em (27.4% of the consumptive
use). However, optimum ground water depth for biclogical ni-
trogen fixationand yield of Berseem clover in clay loam,
sandy loam and calcareous soils in lysimeters were found 130,
70 and 40 cm,; respectively (El-Shakweer et sl 1982a). That
nf faba bean legume under Fayaum field conditions was found
76.7 em (El-Shakweer, 1982).
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Table 1 : Ground water level measurements of the tested sites

during the growth season of soybean

Depth of ground water level , c&m

Site 4 Site 7 Site 8 Site 9

8/5/1983 51.2 70.4 115.1
17/5/1983% 50.9 7.3 116.2
26/5/1983 53.1 70.2 115.4

3/6/1983 51.1 69.5 114.53
10/6/1983 50.3 71.5 116.5
21/6/1983 . 54.1 - 71.0 116.2
24/6/1983 52.8 70.1 114.7

1/7/1983 55.6 72.3 116.3

5/7/1983 51.8 71.8 115.5
11/7/1983 50.6 72.2 116.2
23/7/1983 53.4 1.4 116.7

5/8/1983 52.2 69.9 115.8
16/8/1983 51.6 68.5 114.2
19/8/1983 50.7 68.0 113.5
26/8/1983 47.8 67.4 113.6

of the season

Weighted averagj




Table 2 : Soil moisture depletion during the growth =eason
of soybean as affected by ground water deooi
tested sites

Soil moisture deplet
under the depth of ground water of

|
51l.9 em | 70.6 cm | 87.5 em | 118 A& ~

8/5/1983 to 19/5/1983 64.2 73.5 82.7 96.4
19/5/1983 to 1/6/1983 69.2 75.3 72.8 97.6
1/6/1983 to 10/6/1983 55.1 66.7 70.4 91.2
10/6/1983 to 21/6/1983 62.0 T1.4 81.5 87.6

21/6/198% to 1/7/1983 54,2 T2.1 75.3 88.5

1/7/1983 to 11/7/1983 65.4 82,2 95.7
11/7/1983 to 23/7/1983 65,7 86.3 | 103,3
23/1/1983 to 1/8/1983 73.3 | 68.1

1/8/1983 to 26/8/198% 120,5 163.2




fable 3 : Soil moisture psrameters under soybean cropping
system (cumulative of the whole season) as affe-

cted by ground water depth.

Depth of ground water, cm
Snil moisture — - s

parameter 51. 70.6 87.5 11

Calculated consumptive

use, cm 91.

Actuai depletion:

cm . 57.

% of consumptive use 63,

Mntribution from

nround water :
om 33.

% of consuptive use 36.




Effect of ground water depth on nodulation , root nitrogenas

agtivity , dry matter , nitrogen contents and yield componen
of soybean Plants .
J-

Depth of ground water , cm
characteristics

51.9 70,6 B7.5

Nodules / root :

Number
Dry weight , mg.
Nitrogenase activity , M mole
C.?H4 / root / hr.
Dry weight of shoot + root
g. / plant
Nitrogen content of shoot +

root , mg. / plant

At _the harvest (108 days aggl:

Pods / plant :

Number 42.5 54.8 43.2 39.2
Dry weight 27.4 32.5 28.5 23.6
Crains yield
&. / plant 13.3 15.1 14.0 11.5
kg. / plot 3.46 4.10 3.54 3.02

Each value within the table is the mean of 80 plante i. e, 20
per replicate x 4 replicates .




Theoretical consumption
Depth of C.W.= 115.6 cm

Depth of G.W.= 87.5 cm

Depth of GC.W.= 70.6 cm

Depth of G.W.= 51.9 cm

Harvest

L

Cumulative water consumption "hroughout the growth

June July August
Date

necason

of soybean plants as affected by ground water depth

-

-100-




cm

Contribution to evapotranspiration by soybean , cn
= 59.78 - 0.4973 ( depth of ground water , cm }

evapotranspiration

to

water

ground

B
o]
{5
G
=
(o]
ol
e
-
el
.-
|
&
| <
C
[ &)

O

i [ . 2

70.6 87.5 115.6
Depth of E rounid water , c¢nm

2 : Relationship between contribution from ground wat{
to evapotranspiration by soybean plants and depth

of ground water .




“ Nitrogenase activity

p Nodules dry weight

\ 0 Pods number

0 Nodules number

Grains dry weight
\wDNitrogen contents

10 1 1 i
ttsy .9 70.6 87.5 115.6
n

Depth o f Eround water, cm

Effect of ground water depth on relative values of the
parameters of biological nitrogen fixation and yield
of soybean plant .
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