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ABSTRACT

A field trial was carried out at Sakha Agricultural
Research Station, Kafr El-Sheikh Governorate during the
two successive winter seasons 2010/2011 and 2011/2012.
The aim of the work was to assess the effect of irrigation
lengths on barseem yield and its water parameters. Five
irrigation lengths were examined; 100% of strip length
(S.L) as control (Trt. A), 95 %(Trt. B), 90% S.L(Trt. C),
85% S.L(Trt. D) and 80% S.L (Trt. E). Average of
seasonal water applied were, in adescending order as
follow: A(2615.0) > B (2507.7) > C(2409.0) > D(2330.5) >
E(2215.1) m® fed. Mean values of water saving in the two
growing seasons comparing with the control 107.4, 206.0,
284.5 and 400.0 m’ fed™ or 4.1, 7.9, 10.9, and 15.3% for the
cut off treatments B,C,D and E respectively. The highest
average of yield per unit of applied water (W Ut E) and
consumed water (W U E) averaging 16.58 and 24.80 kg m™
for each, respectively were obtained under 90% S.L (Trt
O).

INTRODUCTION

The water shortage problem in Egypt is
continuously increasing and prospected to reach less
than 500 m’/yr/ capita. In order to cope with the
shortage of water, tremendous efforts should be
implemented. One of the most effective ways of the
irrigation management on the farm is to select the
proper irrigation scheduling and crop rotation. Water
excessive as well as insufficient irrigation results in
decreasing crop yield. Egyptian clover (Trifolium
alexandrinum L.) is one of the most important forage
legume crops in some world countries particularly that
has long winter season with cold- moderate
temperature. Strip or border irrigation is a common type
of surface irrigation, most suitable for berseem
irrigation especially in clay soil. Under traditional
irrigation practiced by local farmers the wetting front is
allowed to reach the tail end of the border. Therefore, a
long time is allowed for water to stay in the upper
portion of the irrigated strip which results in more water
losses by deep percolation. So that cut off technique
procedure could be implemented i.e. irrigation front
should stop before the end of the cultivated border.
Such procedure considered as a direct simple effective
way in water saving. As, less water will percolate down
to the drainage system at the area. Irrigated parameters
of berseem were studied widely in Egypt and
worldwide. Kassab and Ibrahim (2007) revealed that
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cutoff wheat irrigation as an effective technique for
improving water management via saving an amount of
irrigation water. Also they stated that highest values of
crop-water functions i.e. W Ut E (1.61 kgm™) and W Us
E (1.73 kgm™) obtained from 90 % of strip length.
Mahrous et al (1984) concluded that to obtain high
yield of Egyptian clover, available moisture should be
maintained between 40 to 60 % depletion of the
available soil moisture. Thus, low yield of Egyptian
clover is correlated with low level of soil moisture
(Badawi, 1970). So, the objective of this study was to
identify the most suitable cut off related to berseem
irrigation under border watering i.e. when to stop the
irrigation front. The specific goals were to determine
the amount water saving under this technique and to
compute berseem water relations.

MATERIALS AND METHODS

The current study was conducted at Sakha
Agricultural Research  Station, Kafr El-Sheikh
Governorate during the two winter seasons 2010/2011
and 2011/2012, to study the effect of strip length on
berseem crop as well as some water relation. Soil of the
experimental field was clayey in texture table (1).

Berseem was sown on October 16, 2010 and
october22, 2011 with dry broadcasting method. Dates of
cutting (C) were as fallow

-Season 1: Ci= 4/1/2011, Cy= 18/2/2011,
C3=3/4/2011, C,=2/5/2011
- Season 2: Ci= 7/1/2012, C,= 20/2/2012,

C;=8/4/2012, C4=10/5/2012

All the used agronomic practices in the study area
were followed except the length of irrigation run
treatments which were as follows:

A- 100% strip length (control)

B- Cut off at 95 % of strip length
C- Cut off at 90 % of strip length
D- Cut off at 85 % of strip length
E- Cut off at 80 % of strip length

Length of each cultivated strip was 70 m and width
3 m, irrigation was stopped when water front reached
70.0 (control) treatment, 66.3, 63.0, 59.5 and 56.0 m for
A,B,C,D and E, respectively. The experimental design
was in a complete randomized block design with four
replicates. Each strip unit included 6 ridges, 60cm apart
redundant, the area of strip was 210 m? i.e. 1/20 fed.
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Table 1. Some physical and chemical characteristics of the studied soils before cultivating

the crop
Physical characteristics
Soil depth Particle size distribution % Bulk Total Field
(cm) Texture class density porosity capacity Pwe AW
. L) o,
Sand Silt Clay Mg/m’® % % Yo %o
0-15 12.3 33.3 54.4 Clay 1.26 52.45 47.50 25.69 21.81
15-30 20.2 34.2 45.6 Clay 1.30 50.94 39.87 21.66 18.21
30-45 20.4 414 38.2 Clay loam 1.29 51.32 38.40 20.86 17.54
45-60 21.1 41.5 37.4 Clay loam 1.38 47.92 36.39 19.78 16.61
Chemical characteristics
Depth - .
E.C Soluble cations, mmole/l Soluble anions mmole/l pH
cm ESP ++ ++ + + - = = -
dS/m Ca Mg Na K CO;, HCO; Cl S04
p0-15 6.61 4.8 23.90 16.9 25.6 041 0.00 3.60 15.0 48.21 8.17
15-30 8.44 5.2 15.90 19.8 30,0 042  0.00 3.50 25.0 37.62 8.05
30-45 10.19 5.2 21.20 9.8 43.0 047 0.00 3.10 20.0 51.37 8.30
45-60 8.41 5.1 20.30 15.4 32.8 043 0.00 3.30 20.0 45.63 8.17

PWP = Permanent wilting point, AW = Available water
Execution and data collected:

1- Irrigation control:-

Irrigation water was controlled and measured by a constructed
rectangular weir in the experimental field with a
discharge rate of 0.01654 m’/sec at 10 cm as effective
head over the crest. Distribution of irrigation water was
maintained by spills inserted beneath the strip bank.

2- Advance and recession curves:

Along each strip, different stations 10 m apart were put
all the way till the end of the proposed irrigation run.
Time of advanced water front at each station and at the
end was recorded from the beginning of watering event.
The corresponding elapsed time, for the disappear of
water at each station was also recorded. The vertical
distance between the two curves of advance and
recession indicated or expressed as the opportunity time
of irrigation water at each station.

2- Water-consumptive use:

Soil moisture percentage was determined (on weight
basis) before and after each irrigation as well as at
harvest to compute the actual consumed water of the
growing plants, as stated by Hansen et al. (1979).

¢2 '¢1

X Dbi X Di
100

i=4
CU=SMD.= Y

i=l1
Where:

CU = Water consumptive use (cm) in the effective root
zone of 60 cm depth = S.M.D. (soil moisture
depletion).

I =Number of soil layer (1-4)

D; =Soil layer thickness (15 cm),

Dy; = Bulk density (Mg/m®) of the concerned layer.
¢; = Soil moisture percentage before irrigation and
¢, =Soil moisture percentage, 48 hours after irrigation.

3- Crop yield:

The obtained data of crop yield for each cut, the
seasonal yield was subjected to states  analyses
according to Snedecor and Cochran (1967)

4- Crop-Water efficiency:

Crop water efficiency was calculated according to
Doorenbos and Pruitt (1975), as follows:

Y
WULE =——
Wa
Y
WusE = —
CU
Where:

WULE = Water utilization efficiency (kg/m’).
WUSE = Water use efficiency (kg/m’).

Y = Seasonal yield kg/fed.

Wa
CU

5- Consumptive use efficiency (Ecu):

= Seasonal water applied and
= Seasonal crop-water consumed.

Values of consumptive use efficiency (Ecu) was
calculated by Doorenbos and Pruitt (1975).

C
x 100
Wa

Ecu=
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Where:

Ecu = Consumptive use efficiency

ETc = Total cevapotranspiration ~ consumptive use
Wa = Water applied to the field.

RESULTS AND DISCUSSION
Water parameters:

a) Seasonal water applied (Wa):

Water applied to the Egyptian clover (Berseem)
consists of two components, irrigation water (I W) and
rainfall (RF) as shown in Table (2). Seasonal rainfall
was 172.1 and 122.56 mm during the two growing
seasons of 2010/2011 and 2011/2012 respectively.
Mean values of the treatments of applied irrigation
water during the course of study of the two seasons
showed that the control (Trt.A no cut off. 100% SL) has
the highest Wa (2615.01 m’ fed"). This amount of
water is the summation of 1996.14 m® fed' as irrigation
water and 618.87 m® as rainfall. Strip length of 80%
(Trt E) received the lowest average of water applied
(2215.05 m® fed"), which consists of 1596.18 m’ as
irrigation water and 618.87 m’ as rainfall. There for,
total water applied could be arranged in descending
order as; A(2615.01)> B (2507.66) > C(2409.4)>
D(2330.53) >E (2215.05) m® fed™

In comparison with the control (Trt.A no cut off. )
the mean water saving in the two growing seasons were
4.1,7.9,10.9, and 15.3%for the cut off treatments B, C,
D and E, respectively.

Meaningfully, 9-10 m was wetted under treatment E
of 80% SL cut off, while it was 3.5 m for the 95% SL
cut off (Trt. B). This is the main advantage of using
such technique of cut off watering to save same
irrigation water.

Therefore, by irrigating 95 % and 90% from the
border length instead of the traditional watering till the
end of the strip (Trt. A), the remaining dry area of 3.5
and 7.0 m could be wetted by the accumulated water of
the irrigated area of 95 % and 90% S.L. i.e. treatments
B and C, respectively. Moreover, saving water with
4.1% and 7.9% could be obtained along with less water
could be drained.These findings are agreeded with
those obtained with Emara and Ibrahim (2004), they
found that irrigated beet crop till 90% from the furrow
length almost 9.97% saving water could be resulted.

The advancement of water front still going on
towards the lower end of the border, after stop if
irrigation as shown in table (3).

b. Advance, recession curves and opportunity time:

Figl (A,B,C,D,E) the trend of the advance and
recession which are almost parallel for all treatments.
The opportunity time, is affected by the cut-off
treatments. The opportunity time has the adverse

direction with the level of cut-off. Meaningfully, by
increasing the length of irrigation run (traditional
without cut-off) the highest opportunity time is resulted
and vise versa.

So, it is obvious that by irrigating only 90% from
cultivated strip (Trt. C), the corresponding time is less
than that of Trt. A and this means less water could be
drained underneath the root zone.

Crop consumptive use (ETc):

Seasonal crop water consumptive use (CU) which
referred to crop evapotranspiration (ETc) has the same
trend as that of the applied water. Consumptive use is a
direct function of the soil moisture. Values of seasonal
consumptive use under different rates of berseem crop
are presented in Table 2. The overall average values of
seasonal consumptive use in the two growing seasons
are ; A(42.76)> B (40.33) > C(38.30)> D(37.27) >E
(35.00)cm. the highest mean vale of 42.76 cm with
100% S.L (Trt. A), resulted from irrigation till the end
of the cultivated border. This is due to the highest water
delivered to treatment A. On the other hand, the lowest
value 35.00 cm resulted from 80% S.L (Trt. E). in
addition from the same Table 2 the mean values of
seasonal rate of CU for the treatments have the same
trend. They were 2.14,2.02,1.92,1.86 and 1.75 mm/day,
respectively. The results are in the agrement with that
reported by Kassab and Ibrahim 2007 and Azevedo et
al 2003

Crop-water efficiencies:

Crop-water efficiency indicates the productivity of
unit water. This it can be evaluated in two terms of
water utilization efficiency (WUt.E) which related with
water applied and water use efficiency (WUSE) for
water consumed. The average values of water utilization
efficiency (WUL.E), of the two seasons for treatments
A, B, C, D and E were 15.40, 16.08, 17.22, 15.99 and
15.58 kg/m’, respectively (Table 2). Moreover,
treatment C (90% S.L) recorded the highest average of
W.ULE of 16.58 kg/m’. While the lowest value 15.40
kg/m’® was obtained from control (100% S.L.).

Concerning, water use efficiency (W.Us.E), mean
values of WUSE for treatments A, B, C, D and E were
22.38,23.77,24.80,24.21 and 23.65 kg/m’ (Table 2).
The highest 24.80 kg/m® was recorded with treatment C
(90% S.L), while the lowest 22.38 kg/m® was resulted
from control (100% S.L.). Therefore, one kg Berseem
needs about 42.1 L of consumed water.

This finding is in a good agreement with those
obtained by Abass et al.(1995) found that optimum
irrigation efficiency increased under stress conditions
than well watering condations.
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Table 2. Water parameters of Egyptian clover (berseem) as affected by length of irrigation run in the two growing season

Treatments
0 0 0, 0, 0,
Characters : A(100 _m\o SL) : B (95 ﬁm. ) : C(%0 \“ S1) : D (85 \“ S1) : E (80 \_“_ S.)
r 2 r 2" I’ I I 2 I 7
Average Average Average Average Average
season  season season  season season  season season  season season  season
Wa(m'/fed) 273397 249606 261503 26192 239611 250766 252494 209314 240904 254796 22131 233053 233401 2096.09 221505

IW(m'fed) 201115 198112 199614 189638 188119 1888.79 180212 177822 179017 17514 1698.18 171166 161119 158117 159618
RF (m'fed) 72282 51492 61887 72280 51492 61887 72282 S1492 61887 72282 51492 61887 728 51492 61887
(em) 4318 4233 427 4L 3955 4033 3841 3818 3830 3110 314 3127 3526 464 3500
(wday) 216 212 214 2.06 1.98 202 192 191 192 1.86 1.87 1.86 L7 173 175
WULE Awm\awv 1478 1601 1540 1550 1665 1608 1594 1722 1658 1558 1700 1599 1504 1643 1574
WUSE Awm\awv 29 N4 N3 B3 A0 BT 2495 2463 2480 2448 B39 WA B K67 2365
Ecu (%) 0033 7123 6868 6592 6932 6755 6389 6993 6677 6365 TLO3 6717  63.63 6941  66.30

S.L. = Strip length =70.0 m
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Fresh and dry yield of Egyptian clover

Length of irrigation run had a significant effect on
berseem yield in both seasons as shown in Tables(4,5).
Almost the same yield was obtained under treatments
100% of strip length (S.L) as control (Trt. A), 95 %(Trt.
B), 90% S.L(Trt. C). the mean corresponding values
were;40.19,40.27 and 39.88 ton / fed. This finding
could be attributed to that the un-irrigation area for the
cut off treatments B and C were irrigated from the
accumulative water after the stopping of watering
events. This is a remarkable finding that is not
necessary to irrigating the berseem crop till the trial end
of the cultivated strip. On the other hand, the lowest
yield of 34.76 ton / fed. Was recorded for 80 % of
SL.Similar results were obtained by Abo-warda (2002),

Consumptive use efficiency (Ecu):

Consumptive use efficiency (Ecu) is a parameter
which indicates the capability of plants to utilize the soil
moisture stored in the effective roots zone. Table (2)
show that the highest value of Ecu was showed that
68.68% (100% S.L., Trt. A.). while the lowest value of
of Ecu was 66.36% (80% S.L., Trt. E.).

Other treatments have values in between. These results
agree with those of Doorenbos et al (1979) who stated
that the consumptive use efficiency increased with the
increase of consumptive use and with the decrease in
water applied.

Table 3. Average of soil distance without irrigation and reach time to stop water front

(W.F.) irrigation cut off for different treatments

W.F. advancement after cut off

Time to stop (W.F)

Treatments Unirrigated distance
A =100% of S.L. (control) None
B=95% of SL 35m
C=90% of SL 7.0 m
D =85% of SL 10.5m
E =80% of SL 140 m

None None
=35m 12-14 min.
=7.0m 20-22 min.
~10.5m 30-32 min.

~10m 30-34 min.

Control (Atreatment)

v

Time of ponding 95 min

Elapsed time, mintes
3

0 10 20 30 40
Distance from upstream end of border, meters

50 60 70 80

—e&—Adirrg. 1

—m@—Reirrg. 1
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B treatment

v

Time of ponding 91 min

Elapsed time, minttes
3

S : ‘ ‘ ‘ ‘ ‘ ‘
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Table, Fresh yild (on fd.) of Egptian cover as affected by length of irvigation run i the twvo growing seasons

Treatments
o hedu A(I0%ST) BES%SL) CO0%SIL) D@E%SL) Ed0%S1 N
ALy BRShAL) COMSL) DAL EWNSL) = — —
Fiist season
1802 1L I e od 0% 0 0
9652 iMa %ola Wb &0 0 0% 0l
L S P |\ S S /S A
% 1452 140 0% 9%0b 029 030 01
e 463 A AN 510
Second seasmn
[ 145 15 1ha M 6 0N 046 0
oo 935 A 9402 Wb e 099 B 0
Fooomm 18 16 L2 006 00 08 0 0l
£ 10smn M4 00 UDa 0% 9%e 04 0 0D
Seasonal ield 309 19 130 3168 ua
Average 019 07 398 9 b
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Table 5. Dry yield (ton / frd.) of Egyptian clover as affected by length of irrigation run in the two growing seasons

Treatments
cut Date of cut i o . o, o, 0 LSD
A(100%SI) BOS%SL) CM%SIL) D@5%SI1) E(@®0%S.1) 0.08 0.01 SED
Frist season

1 4/12011 1.74 a 1.76 a 1.74 a 1.65b 142¢ 0.046 0.064 0.022
2 18/2/2011 1.82a 1.84a 1.81a 1.73b 1.55¢ 0.049 0.068 0.023
3 3/4/2011 2.39b 245a 242 ab 2.12¢ 1.85d 0.037 0.051 0.017
4 2/5/2011 1.92b 1.95a 1.88 b 1.76 ¢ 1.66d 0.056 0.077 0.026

Seasonal yield 7.87 8.00 7.85 7.26 6.48

Second season

1 7/1/2012 1.72a wmw M 1.64 b 1.59¢ 1.39a 0.048 0.066 0.022
2 20/2/2012 1.81a N_f a 1.78 a 1.69b 1.52¢ 0.56 0.077 0.026
3 8/4/2012 1.89 c. _.mw 8 240a 2.02b 1.81d 0.059 0.082 0.028
4 10/5/2012 1.76 ¢ ' 1.83 b 1.83 b l6le 0.038 0.052 0.018

Seasonal yield 7.16 7.82 7.65 7.02 6.33

Average 7.52 7.91 7.75 7.14 6.41
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CONCLUSION

It might be concluded that irrigation berseem crop in
North Nile Delta till 90 % of strip length (Trt. C) have
the same yield obtained that of Trt. A (irrigating till the
strip end and B (95% S.L), saving 7.9% of irrigation
water and highest values of crop-water functions e.g. W
Ut E (24.80 kg m*) and W U E (16.58 kg m”).
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