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ABSTRACT

Two ficld experiments were conducted at Sakha Agricultural Research
Station, Kafr El-Sheikh Governorate, North Nile Delta region during the two
growing scasons of 2003/2004 and 2004/2005. The main objective of the study
was to assess dry cultivation of Egyptian clover (Berseem) as an effective way for
water saving instead of the common wet cultivation, The two cultivation methods
were compared using four different equations and methods for the amount of
irrigation water. They were (1) using soil moisture depletion method (SMD), (2)
waltering till 5.0 cm above soil surface, (3) using Ibrahim equation of ETp =
0.1642 + 0.6 Ep and the Evaporation Pan equation, Dry cultivation of Berseem
resulted in a saving water of 145.0 m*/fed and a yield which is rather similar to
the yield obtained by the wet cultivation method; and higher values of yield per
unit of applied water (WUE) as well as consumed water (WU + E) averaging
17.54 and 17.49 kg/m’ for each, respectively.

INTRODUCTION :

Shortage of irrigation water may occur in Egypt in the future. Irrigation
uses more than 85% of the total renewable water in Egypt. So, tremendous efforts
should be implemented in this sector to rationalize water at the national level.
One of the most effective ways for irrigation management at the farm level is to
determine precisely the actual irrigation water which should be applied to meet
the needs of growing plants. Water excessive as well as insufficient irrigation
results in decreasing crop yield. Egyptian clover (Berscem) is one of the main
forage crops in Egypt. The national cultivated area of Berscem is above 2.5
million feddan (1 feddan = 4200 m?) or one third of the principal green forage
crop. The traditional method of cultivating Berseem is a wet one which called
"El-Hamaa" is to apply ¢xcess water before sowing then broadcast the seeds over
the wet glistening surface of the soil, such a method allows .for a thin, nearly
uniform cover of soil over the seeds and ensures a high rate of germination.

The impact of irrigation on Berseem as seasonal crop as well as alfalfa
as perennial one was investigated by several researchers cither in Egypt or
worldwide. Ibrahim er ol (1988) in Kafr El-Sheikh Governorate, North Nile
Delta, Egypt found that the percentages of water shortage varies between 3.61 in
September to 39.51% in June. Mahrous ef al. (1984) stated that the average
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values of clover consumptive use at Sakha, Egypt were 66.62, 59,13, 51.49 and
39.78 cm for wet, moist, medium and dry soil moisture levels respectively. El-
Gibali and Badawi (1978) found that the seasonal water used by clover
(continuos) were 45.0, 46.1 and 49 cm for lower, middle, and upper Egypt
respectively. Abbas ef al. (1995) studied the effect of the planting method and the
irrigation scheduling (one, two and three irrigations between cuttings) on fresh
and dry vield of Berseem. Results revealed that the optimum yield was obtained
from the two methods of planting; i.e. the El-Lamaa method and the dry method
with three irrigations between cuttings. The effect of irrigation regime on alfalfa
was investigated by many rescarchers worldwide such as Karimi ef al. (1983);
Donovan and Meck (1983); Sharma ef af. (1983) and Sharratt ef al. (1983).

The main objective of this investigation was to find out assess the effect
of the dry cultivation method and irrigation amount on Berseem crop. Specific
goals were;

1. The impact of dry Berseem cultivation on water saving,

2. Determination of irrigation and water consumption for Berseem in North
Nile Delta.

3. The interaction effect of both cultivation methods and irrigation amount on
crop-water efficiencies.

4, To find out an extension procedure regarding the management of irrigation
Berseem at the farm level,

MATERIALS AND METHODS

Two field experiments were conducted during winter seasons 2003/2004
and 2004/2005 at Sakha Agricultural Research Station, Kafr El-Sheikh
Governorate, Egypt using Berseem (Egyptian clover). Table (1) shows physical
proprieties of the soil of the field where the experiments were carried out. Dates
of sowing (S) and cuttings (C) were as follow:

Season 1: S =26/10/2003
C, = 1/1/2004, C, = 15/2/2004, C; = 1/4/2004, C, = 1/5/2005
Season 2: S = 27/10/2004

C; = 4/1/2005, C, = 19/2/2005, C, = 4/4/2005, C, = 10/5/2005

Normal cultural practices followed by farmers of the region were carried
out except for the two factors under investigation of the agricultural methods of
sowing and amount of irrigation water (IW).

Experimental design and treatment:

The experimental design was a factorial, split plot design with three
replicates, involving two factors i.e. cultivation method and irrigation amount.
Main plots were assigned to the cultivation method. There were two methods (1)
dry cultivation and (2) wet cultivation. Dry cultivation involves the use dry sceds
broadcast over the dry soil. Wet cultivation (El-Lamaa) involves the use of
presoaked seeds broadcast over the wet soil. The subplots were assigned to the
irrigation amount, There were four water applications as follows:
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Table (1): Physical proprieties of soil of the location where Egyptian clover
Berseem) was performed.
_ Physical prope
Bultk
distribution, % |1 CXtUres sy
Sand | Silt | Clay | Class |Mgm

123 | 333 | 544 Clay 1.26

20.2 342 45.6 Clay 1.3¢
41.4 382 1.29
415 374 Ig:; 1.38
4392 [ [ 1.31
g point, AW: Available water, ** Mg

1. Seil moisture depletion method (S.M.D.), (direct method):
Irrigation water was equal to the water needed to raise the moisture
content before each irrigation to field capacity(F.C).

smpD.= E€9 b L axa

Where:
SMD = Soil moisture depletion in the effective root zone = 60 cm
8 = Soil moisture percentage (w/w), before irrigation.
D, = Soil bulk density Mg/m®
d = Soil wetting depth i.e. effective root zone of 60 cm
A = Irrigation area.
2. Irrigation till the water reaches 5.0 cm above the soil surface.
3. Ibrahim equation (1981)
ETp=0.1642+ 08 EP
Where:
ETp = Potential evapotranspiration, cm/day
EP = Pan evaporation, cm/day.

4. Pan evaporation as described by Eid et al. (1982):
ETo - Kpun X Epen
Where:

ETo= Reference evapotranspiration
= Pan coefficient which depends on type of pan, conditions of
humidity, wind speed and pan environmental conditions.

Epen = Pan evaporation in mm/day and represenis man daily valve of
considered period.

Thus the total number of experimental plots was 24 (2 “methods” x 4
"water amounts” x 3 "replicates")

Data collection:

1. Irrigation water (IW)
The feeder canal received the water from a branch where a measuring

weir was fixed upstream with a discharge rate of 0.1654 m%/sec. at 10 cm as
effective head over the fixed rectangular weir crest.
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2. Consumptive use:

To compute the actmal consumed water of the growing plants, soil moisture
percentage was determined gravimetrically, on weight basis before and after each
irrigation as well as at harvesting. Soil samples were taken from the successive layers
of the effective root zone, 0-15, 15-30, 30-45 and 45-60 cm. This method of
computation is considered as one of the direct methods of conswnptive use
determination which is based on soil moisture depletion (S.M.D.) or so called crop-
water consumed (ETc) as stated by Hansen ef of. (1979).

& -9
SMD=CU= =T DuxdxA (m*/fed.)

Where:

SMD =Soil moisture depletion in the effective root zone = 60 cm.

CU =Consumptive use of the growing plants.

0, =Mean soil moisture percentage (w/w) before irrigation for the 60 cm
soil depth,

3] 7=Mean soil moisture percentage (w/w) for the 60 cm soil depth, 48
hrs after the preceeding irrigation (field capacity).

D, =Mean soil bulk density , Mg/m’ for the 60 cm soil depth

D =Soil wetting depth i.e. effective root zone of 60 cm

A =Irrigation area, m%

3. Crop yield:
The obtained data of crop yield for each cut as well as the seasonal yield
was subjected to statistical analysis according to Snedecor and Cochran (1967).

4. Crop-Water efficiency:
Crop water efficiency was calculated as follows (Doorenbos and Pruitt,

1975).
WUE = Yield (kg/fed:‘:)
Water applied (m~ /fed.)
WUE Yield (kg/fed.) i
Water consumed by crop (m~ /fed.)
Where:

WULE = Water utilization efficiency (kg/m’) and WUE = water use
efficiency (kg/m’).

RESULTS AND DISCUSSION

Water applied (WA):

Water received by the Egyptian clover (Berseem) was from two sources (1)
irrigation water (TW) and (2) rainfall (RF) as shown in Table (2) and Figure (1).
Under dry cultivation, irrigation water of A, treatment was the lowest of 1705.4
m’/fed., while the highest of 2319.6 m*/fed. occurred with A;. Mean valucs of the
mmemsofappﬁedirﬁgaﬁonwateraW)duﬁngmeooumofmdgdﬂwm
seasons for the dry cultivation are 2040.1, 2319.6, 1779.9 and 1705.4 m'ffed. for A,,
Az, As and A, respectively. On the other hand, for the wet cultivation, the
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corresponding lowest and highest valucs are 1870.8 and 2469.1 m’/fed. for B, and B,,
respectively. Mean IW values are; 2140.7, 2469.1, 1945.3 and 1870.8 m’/ied. for By,
B;, B; and B,, respectively. Therefore, the dry cultivation is associated with lower
amounis of irrigation water. and vice versa for the wet cultivation.

Thus, the saving of water obtained by the dry method reaches, 100.6,
149.5, 165.4 and 165.4 m*/fed. for each of the irrigation treatments, respectively
with an overall average of 145.2 m’/fed. i.e. 3.5 cm (6.85%). This shows that the
dry cultivation of Berseem could achieve a saving of water of 360 million cubic
meter national level, considering a berscem area of 2.5 million feddan. such
saving of irrigation water is enough to cultivate a new area of more than a half
million feddan, on the basis of 7 000 m3/fed. as yearly water needs.

Therefore, dry cuitivation of Berseem could be an effective and a simple
way towards watcr saving.

Secasonal water applied consisis of LW plus rainfall (RF). Seasonal RF
was 7.00 cm and 13.00 cm during the first and the second seasons respectively.
Thus, the mean total water applied (Fig. 1) equals 2050.1, 1, 2329.6, 1789.9 and
1715.4 m’/fed. for the dry treatments of A, A,, A; and A, respectively and
2150.7, 2479.1, 1955.3 and 1880.8 m’/fed. for the wet treatments of B,, B, B,
and B,, respectively. This shows that under dry cultivation, irrigation water
represents 82.4% on average of the iotal scasonal water applied The
corresponding percentage under wet cultivation is 83.4%.

Table (2): Seasonal water applied (TW: irrigation water; RF: rainfall) for
dry and wet cultivation method and irrigation treatments for
ressed in m>/fed. and cm.

A LA A L B
Season 1 (2003-2004)
2333.1{1695.1 612177971 2547 |1853.9
55.6 . , 519 ) 606 | 441
«— 294 >
«— 71

2005)
2103.512391.1{2036.7
50.1 | 569 | 485
«— 546 —»
+— 13>

2 scasons

2140.7]2469.1 | 1945.3

510 {5875 463
«— 420 >

A, (or B,): Soil moisture depletion method.

A, (ot B;): irrigation till 5.0 cm water above soil surface
A; (or By): ETp = 0.1642 + 0.8 EP

A, (or B,): Pan evaporation equation.
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| EZDA: Dry method EEEB: Wet method ——Rainfall |

To

Ratnful + rrigation water {om )
&

Fig. (1): Amount of water applied using four different treatments of
caiculations under two methods of Berseem cultivation (treatments:
1: soil moisture depletion; 2: irrigation till 5.0 cm water above soil
surface; 3: ETp: 0.1642 + 0.8 Ep; 4: Pan evaporation equation).

Y
Therefore, the dry cultivation method of Berseem may allow the
following advantages:
1. Water saving of more than 360 million cubic meters at the national level,
considering the average annual berseem area.
2. Such water saving can be used in cultivation of new land of more than
500,000 fed. (on the basis that 1 fed needs 7000 m* water annually for two
successive Crops).

The methods used in this study in calculating irrigation water give values
nearly approach that of the standard method which takes in consideration the soil
moisture depletion from the root zone i.c. the so-called soil moisture depletion
(SMD) method with an accuracy percentage 1.13, -12.8 and ~16.4%, respectively
under dry cultivation. Under the wet cultivation, the corresponding percentages
are 1.12, -9.13 and -12.61% respectively. This difference under the two
cultivation methods could be attributed to that under the standard method of
SMD, an additional value of 10% from SMD was added as leaching requirement
(LR). in this direct the 5.0 cm depth of watering is resulted in high values in
irrigation water, so, it is useful to reduce such depth to a less value, say 3-4 cm
instead f the 5 cm. Regarding, the other methods, the variance is due to no LR
was added.
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Excess water was applied under the wet method which resulted in the
highest yield, although not to significant level compared with the dry methdo. In
this manner, under the conditions of water deficit facing Egypt at present, it is not
advisable to implement the dry cultivation of Berseem, as well as to decrease the
irrigation level from the traditonal of about 7-10 ¢m to less than 5 cm above soil
surface. These finding are in agreement with those obtained by Abbas et al.
(1995), who reported that seasonal water applied increased under the wet method
by 9.32 and 8.65% compared with the dry method.

Crop consumptive use (CU):

Seasonal crop consumption use (CU), which also my be referred as
"crop evapotranspiration, ETc” was computed on the basis of water depietion
from the effective root zone of the upper 60 cm soil depth. Values of seasonal CU
and their rates for the Berseem using the two cultivation methods and irrigation
treatments are presented in Table (3). It is obvious that the consumptive use
increased in the same line with increasing the applied water. Mean values of CU
in the two growing seasons for the dry cuitivation are 46.68, 49.22, 44.08 and
44,89 cm for A,, A;, A; and A, respectively. The corresponding values for the
wet cultivation are 50.30, 54.75, 49.15 and 43.43 cm for B, through B,
treatments, respectively. Under the dry cultivation method, seasonal CU was less
by an amount of 3.62, 5.53, 5.07 and 3.54 cm compared with the wet cultivation
method. The stated values were calculated under the different irrigation level of
B, through B., respectively. Therefore, the mean seasonal saving in CU is 4.44
cm which equals 186.5 m*/fed.

Table (3): Seasonal consumptive use (CU, cm) and its rates (cm/day) for
Egyptian clover (Berseem), as affected by agricultural methods
and irrigation treatments in the two growing seasons.

Dry cultivation

A lATATATBIBIB | B

' Season 1 (2003-2004)

5068 142.69]14230|49.34|559747.59{46.88
027 1022]0221026] 030} 025|025}
Season 2 (2004-2005)
4775145474748 { 51.26 | 53.52 50.70 1 49.97
024 1 023 1024 | 024 | 0.26 | 0.25 | 0.25
eans of 2 seasons
49.22 ; 44 89 . 54.75149.15|48.43
0.25 | 0.25 §

For the rate of CU, it is obvious from the same Table (3), that the
seasonal values of CU rate under the dry method received 2.4, 2.6, 2.3 and 2.3
mm/day for the four respective irrigation treatments. The corresponding values
under wet cultivation 2.6, 2.8, 2.5 and 2.5 mm/day, respectively.

Thus, it might be concluded that both CU and its rate are having the
same trend of applied irrigation water.
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Seasonal CU of Berseem under the dry cultivation is about 1941.13 m*/fed.
or 46.22 cm with a seasonal rate of 2.4 mm/day for a growing season of 193 days.

On the other hand, under the wet cultivation, the corresponding values
are 2127.62 m’/fed. or 50.66 cm with a seasonal rate of 2.6 mm/day for a growing
_season of 193 days.

Abbas et al. (1995) reported values of seasonal CU for Egyptian clover
(Berseem) which ranged between 42.25 to 81.42 cm at Giza (middle Egypt) for
two seasons and from 43.75 to 83.29 cm at Shandaweel (upper Egypt) for the
same respective seasons.

Fresh yield (ton/fed.):

Regarding the effect of dry cultivation on Berseem fresh yield, results
shown in Table (4) indicate that the highest yield was obtained from treatment A,
i.e. by applying irrigation water till 5.0 cm above soil surface under the dry
cultivation. In addition, data show a general trend for increasing the crop yield by
increasing the availability of soil moisture in the effective root zone. Statistical
analysis illustrated that the fresh vields were significant for the four cuts in the
two seasons of study. Also, data reveal a slight difference in yield obtained from
treatments A; and A,. The mean values of fresh yield in the two growing seasons
are 34,75, 36.9, 32.75 and 31.65 metric ton/fed for A, through A,, respectively.
On the other hand, for the wet cultivation in the two seasons,. B; gave the highest
yield and B, gave the least. The mean values of fresh yield for B, B, B; and B,
are 35.05, 37.6, 34.05 and 33.35 ton/fed., respectively.

I

The interaction effect of cultivation method and irrigation amount on
fresh yield of Berseem was not significant. The mean values of both cultivation
methods are presented in Fig. (2). It could be advisable to cultivate Berseem using
the dry cultivation method. This method is effective in management of Berseem
watering. These resuits are in agreement with those reported by Donovan and
Meck (1983) and Abbas ef al. (1995).

Crop-water efficiencies: _
Crop water efficiency is a parameter which indicates the crop waler

productivity and this function could be evaluated in the two terms of efficiencies
as water use efficiency (WUE) and water utilization efficiency (WUIE). These
evaluation paramcters assess the exerted cfficiency in producing crop yield from
water. The water use efficiency (WUE) indicates that amount of yield obtained
from a unit volume of water consumed by plants, while the water utilization
efficiency (WULE) represents the amount of yield given by a unit volume of water
applied to plants.

Regarding the effect of dry cultivation on water utilization efficiency
(WUIE), results show that A; have the highest overall of 17.89 kg/m’ (Table 5).
The values of WULE could be arranged in the descending order as; 17.89, 17.74,
17.7 and 16.83 kg Berseem/m’ for Az, A;, Ay and Ay
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Table (4): Fresh yield (ton/fed.) of Egyptian clover as affected by agricultural

Dry cultivation ‘Wet cultivation
Dateof | A; | A B,|B, [B | B

Jan 12004 |5.80) 6.1 | 5. 2161169]60]56
Feb. 152004 | 85 97 5]/89|97188]| 86
Apr. 12004 {10.7{11.1 71108[{11.01105{104
May 1272004 | 86 | 89 | 8! T187193(81{76

asonal yield |33.60 [ 3580 1 | 3450|3690 33.40] 3220

Jan 42005 | 67| 70 | 6. 9163]|71]61])63
Feb. 1972005 | 9.1 | 10.1 871100]| 96|97
Apr. 42005 {11.0}11.3 1L7]1L5110.7
May 102005 | 91 | 9, . 3195(197 8380

Seasonal yield

Aveg:

awr = Bl pwo-

Fresh yleld (tonifed)

Al A2 Al Ad B1 B2 B3 B4
Dry cultivation Wet cultlvation

Treatments

Fig. (2): Mean values of fresh yield (ton/fed) as affected by cultivation method
and irrigation treatments. see notes of Fig. 1 for treatment description.

Concerning the effect of wet cultivation, treatment B, has the highest
mean value of 17.21 kg/m®. The values of WULE could be arranged in the
descending order as, 17.21, 16.59, 16.40 and 16.37 kg Berseem/m’ for By, B, B,
and B;. Comparing the two cultivation methods, values of WU'E were higher
under the dry than the wet methed for the same level of walering, The parameter
of WUIE is a function of the yield as nominator and applied water s dominator.
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Table (5): Water utilization efficiency for Egyptian clover as affected by*
- agricultural methods and irrigation treatiments in the two growing

Dry cultivation Wet cultivation
A f A A B [B [B | B
Season 1 (2003-2004) :
1303 116821796 [ 17.51 716651570 ] 16.7} [ 16.35
Season 2 (2004-2005) ‘
17.45118.95]17.44 [ 16.15[ 16.53 [ 17.04 L77ﬂ1644 ‘
Means of 2 seasons

17.21[16.40 |

!

» Sec footnole of Table 2,

Thus, by decreasing both applied and consumed water which associated
with the dry cultivation, a higher value of WULE could be obtained. The highest
value 17.89 kg/m® resulted from A, which represents irrigation till water reaches
5.0 cm above soi} surface. Accordingly, one kg of Berseem needs about 56 L of
water under the dry cultivation, and 58 L of water under the wet cultivation,
Abbas et al. (1995) found that optimum irmigation efficiency (expressed as kg/cm
depth of water applied) increased under dry method than the wet method.

Water use efficiency (WUE, kg/m?):

Regarding the effect of dry cultivation, water use efficiency (WUE,
kg/m?) for A, has the highest overall of 18.57 kg/m’ (Table 6). The values of
WUE could be arranged in descending order as 18.57, 18.43, 17.04 and 15.91 kg
Berseem/m” for Ay, A;, A; and A,, respectively .

Concerning the effect of wet cultivation, treatment B, has the highest
mean value of 17.83 kg/m®. Values could be arranged in descending order of
17.83, 17.53, 16.38 and 15.26 kg/m’ for B,, Bs, B, and B,. Comparing the two
cultivation methods, it is clear that the values of WUE were higher under dry
than that of the wet method for the same level of watering. The parameter of
WUE is a functicn of the yield. The highest value 18.57 kg/m’ resuited from A4
of the dry method which representing watering with pan evaporation. Therefore,
one kg of Berscem needs about 54 L of water under the dry method, while. it
needs 56 L of water under the wet method.

Table (6): Water use efficiency for Egyptian clover as affected by *agricultural
methods and irvigation treatments in the two ing seasons.

Dry cultivation Wet cultivation
Treatment ™A " A, | A [ A | B [ B, | B, | B
Season 1 (2003-2004)

W.ULE, kg/m® | 16.39 ] 15.34 [ 1899 | 1891 [ 15.84 | 14.49 [18.02 | 17.85
Season 2 (2004-2005)

W.ULE, kg/m® [ 17.68 [ 16.48 ] 17.86 | 18.23 [ 16.92 11602 [17.04 | 17.80
Means of 2 seasons

W.ULE, kg/m® | 17.04 | 1591 [ 18.43 [ 1857 [16.38 ] 15.26 [ 17.53 | 17.83

* See fooilnole of Table 2
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SUMMARY AND CONCLUSION

Dry cultivation method for the Egyptian clover (Berseem), [which
occupies almost one third of the winter cultivated area] may have some
advantages as compared with the wet method. There were 4 treatments of the
amounts of watering;, they were (1} replenish the exhausted soil water by the
growing plants based on soil moisture depletion (S.M.D), (2) watering tili 5.0 cm
above soil surface; (3) using the equation of Ibrahim (1981) of north Nile Delta
and (4) the evaporation of Pan equation. These 4 irrigation treatments were
asscssed under the two methods of cultivation (dry and wet methods).

The main findings may be summarized as follows:

1. Almost the same yield was produced under the two methods. The average
values are 34.00, 35.00 ton/fed. ie. no difference in green or marketable
yield was obtained.

2. Saving irrigation water of an amount of about 145 m*/fed. {which would be
360 million m’ at the national level).

3. Maximization of crop yieid could be obtained either from one m’ water as
consumed (WUE) or applied (WULE) with values of 1.94, 1 and 1.94, 2.1
kg/m’ under dry and wet cultivation, respectively.

4. The seasonal applied irrigation water for dry method was 1961.25 m’/fed.
(46.69 cm), while it was 2106 47 m*/fed. (50.15 cm) for the wet method.

5. Seasonal CU of Berseem under the dry cultivation was 46,22 cm with rate of
2.4 mm/day. The corresponding values for wet were 50.66 cm with rate 2.6
mm/day.

It might be concluded that the dry method could replace the wet method
giving almost the same yield (34.5 ton/fed.). The national saving water expected
from the dry cultivation of 360 million m> could cultivate a new land of about
500,000 fed (based on 7.000 m*/fed. as annual water needs).
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