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ABSTRACT

The current experiment was carried out in a clay soil Sids Agricultural Research Station, Beni-Suief
Governorate, Egypt, during two successive seasons of ( 2017/2018 and 2018/2019). This investigation aimed to
study the influence of planting methods and seeding rates on productivity of Egyptian clover forage and some
water relations. The studied treatments were : four planting methods ( flat, ridges, raised beds and ridges without
tillage) as well as three seeding rates, 15, 20 and 25 kg seeds/fed,. The results could be summarized as follows:-
The treatment of flat or ridges method with 20 kg/fed seeding rate gave the highest values of plant height,
leaves/stem ratio, fresh and dry forage yield as well as water use efficiency and water productivity.- The highest
values of plant height, leaves/stem ratio as well as fresh and dry forage yields were obtained under flat or ridges
planting method, while the highest values of these parameters were obtained under 20 kg/fed seeding rates.-
Applied and seasonal consumptive use water were reduced under raised bed method followed by ridges( without
tillage), while increasing seeding rates up to 25 kg/fed was significantly increased.- The raised bed method
exhibited the highest values of water use efficiency and water productivity as fresh or dry basis. Also, the highest
values of these water incidences were obtained under 20 kg/fed seeding rate.- The treatment of raised bed method
with 15 or 20 kg/fed seeding rate recorded the lowest applied and seasonal consumptive water, consequently

highest amount of saving water.
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INTERODUCTION

Egyptian clover (Trifolium alexandrinum L.) is the
most annual forage crop over the world, especially
Mediterranean Sea conditions. In Egypt, the cultivated area
was about 1.5 million feddans in 2017/2018 season
(Ministry of Agriculture, Economic publication, Bulletin of
the Agriculture Statistics. (2018). Egyptian clover has high
rate of growth, greatest quality forage and its bloating
potential is very low. In winter, it considers the most
important crop for feeding life stock during about 6 months
in Egypt. El-Nahrawy (2005) mentioned that Egyptian
clover has high nutritive value because of its high protein
content. Also, it is enhanced physical and chemical soil
properties, where it has highest nitrogen fixation potentiality.
Both sowing methods and seeding rate are factors as
affecting of legumes and non-legumes production Anees. et
al., (2020).

Shihata (1982) reported that fresh and dry forage
yield of berseem were affected similarly by different sowing
methods. Also sown berseem in rows of 40 cm apart
produced the highest forage yield of each cut as well as total
fresh yield compared with other methods.

The wide- spaced furrow as in case of bed planting
method water losses by evapotranspiration minimize water
requirements, this may be due to the applying water directly
to root zone, while dry soil surface still relatively dry (Stone
et al., 1982). The maximizing of the effective of rational
uses of limited water; need to adapt the irrigation
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technologies and irrigation scheduling. For these purposes, it
is necessary to develop the optimal crops water requirement
as well as its good use of allocated water (Fouad and
Aboueneinm (2012). In this connection, Ghani et al. (2010)
stated that narrow beds (65 cm), medium beds (130 cm) and
wide beds (180 cm) saved about 3-7, 16-17 and 18-22%
water compared with flat basin one. However, Fahong et al.
(2011) found that bed planting resulted increasing of wheat
yield by about 6.6 to 12 % over the traditional basin practice.
Abdul Majeed et al. (2015) and ICARDA (2016)
recommended that using raised bed comparing with
traditional flat basing owing to it has many advantages, such
as a good irrigation control and drainage decreasing weed
growing, facilitate fertilizers application and caused a good
plant stand and tillering, consequently increased crop yield
but reducing applied water.

Seeding rates is an important agronomic process
which affect the microclimate of the field, hence crop
productivity. In general, the seeding rates for Egyptian
clover ranged between 15 to 30 kg/fed, depending on time
and method of planting (Salem et al., 2019). Pea and Bin
(2001) found that increasing seeding rate of Egyptian clover
up to 25 kg/fed led to highest values of crude protein as well
as fiber and ash (%) in plant. Recently, increasing seeding
rate up to 30 kg /fed of Egyptian clover exhibited the highest
value of plant height and leaves/stem ratio in addition to
forage production. In Egypt, Kandil et al. (2004) indicated
that the highest forage yield of clover plant was recorded
under seeding rate of 30 kg/fed. However, Oushy (2008)
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reported that 20-25 kg/fed is recommended as seeding rate
for maximize green forge and seed production. Seyyed et al.
(2012) reported that seeding density improve plant stand as
well as quality and quantity of clover plant. Salem et al.,
(2019) showed that 30 kg /fed seeding rate of Egyptian
clover exhibited the highest values of clover plant height,
leaves/stem ratio number of stem, as well fresh and dry
forage yield. The maximizing of the effective of rational for
good forage production, it is important to apply appropriate
planting method as well as adequate seeding rate.

The objective of this study to investigate the effect of
planting methods and seeding rates on forage vyield
production of Egyptian clover as well as some water
relations.

MATERIALS AND METHODS

The present research trial was conducted in
2017/2018 and 2018/2019 winter seasons at the
Experimental Farm of Sids Agricultural Research Station,
Beni-Suief Governorate (Middle Egypt, Lat. 29° 04' N,
Long. 31° 06' E and 30.40 m above the mean sea level) to
investigate the effect of four planting method and seeding
rates on productivity of Egyptian clover forage as well as
some water relations. The soil moisture constants and some
physical properties were determined according to Klute
(1986) as well as some chemical properties of the
experimental soil site according to Ryan et al. (1996) listed
in Tables 1 and 2.

Table 1. Some soil water constants for the experimental site (2017/2018 and 2018/2019 seasons).

Season Soil depth (cm) Field Capacity (%)  Wilting Point (%)  Bulk density (g cm?) Available Water (%)
00-15 4508 158 1131 23.50
15-30 37.95 18.04 1244 19.91
2017/2018 30-45 3505 17.32 1285 18,63
4560 3314 16.04 1328 17.10
Mean 38.03 18.05 1247 19.79
0-15 4656 2217 1170 24.39
15-30 37.09 17.66 1299 1943
2018/2019 3045 3555 16.92 1357 18,63
4560 3319 15,80 1379 17.39
Mean 38.10 18.14 1301 19.96

Table 2. Some soil and chemical properties of the experimental site

Particle size distribution

Textural

Chemical properties

Season Clay Silt Sand Class OM. E.C.(dS/mat Available (ppm) H
% % % % 25°C) N P kK __P

2017/2018 49.90 33.75 16.35 Cla 2.25 0.65 2205 159 208.5 7.8

2018/2019 50.35 32.32 17.33 y 2.10 0.70 2252 162 210.8 79

The experiment was laid out in strip plot design with
four replicates. The four planting method were arranged in the
lengthwise strips and three seeding rates were arranged in the
crosswise strips as following.

1- Lengthwise strips (Planting methods):

P, = Flat sowing (traditional farmer practice)

P, = Ridges sowing (60 cm)

P3 = Raised beds sowing (120 cm)

P4 = Ridges sowing without tillage 60 cm.

2- Crosswise strips (Seeding rates):
Sy = 15 kg seeds/fed.

Ss = 25 kg seeds/fed.

The experimental plot area was 42 m? (1/100
feddan). Seeds of berseem variety (Giza 6) were sown on
25" October and 5™ November in the first and second years,
respectively.

The preceding crop was cowpea in the two seasons.
Calcium phosphate (15.5 % P, Os) was added at the rate of
200 kg fed?, during soil preparation and before the first
irrigation 15 kg N fed™ (33.5 % N) as an initial dose were
carried out normally for all plots. Five cuts were taken in
both seasons.

Investigated parameters:

1- Fresh forage yield, 14 m?for each plot were hand clipped
and weighed in kg plot*then adjusted to ton fed™

2- Dry forage yield (ton fed™) subsamples of 100 g were
dried at 105 C until constant weight to determine dry
matter percentage was estimated. The dry forage yield ton
fed™ was calculated by multiplying fresh forage weight
ton fed with dry matter percentage (DM %).

S; = 20 kg seeds/fed.

3- Plant height (cm): It was measured from ground to the
top of the plant (calculated as average of 10 randomly
taken plants).

4- Leaves / stem ratio: by dividing the fresh 9 weight of
leaves on fresh ™ weight of stem.

Statistical analysis:

The data of each cut and total yield in every season
were statistically analyzed according to Snedecor and
Cochran (1980).

The difference between treatments means were
compared by least significant differences test at probability
level of 5% Gomes and Gomes (1984).

Amount of irrigation water applied:

The amount of water applied for each irrigation was
determined based on of raising the soil moisture content to its
field capacity plus 10% as leaching requirements. Irrigation
water applied was calculated according to the following
equation Michael; (1978).

I:C_MC

d=D xBqg x
100

Where:

d=amount of water to be applied during an irrigation event, cm.
D = soil depth within the root zone, 60 cm.

Bd-= soil bulk density, g cm?®

Fc=field capacity moisture content (% by weight).

Mc= moisture content before irrigation (% by weight).

Applied water was controlled throughout the pipe
irrigation net of Water Requirement and Field Irrigation
Research Department at Sids by using a value at each plot and
water was measured by a measuring meter.

Water saving was calculated according to Molden (1997).
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Total irrigation of raised beds ridges m/fed
Water saving (%6) =100- [ x100]
Total irrigation water of traditional method m3/fed
Water consumptive use (CU):

Water consumptive use was determined via soil
samples taken from the experimental plots just before each
irrigation and 48 hrs later besides at harvest, in 15 cm
increment system to 60 cm depth of the soil profile. The CU
was calculated according to Doorenbos et al. (1979) as
follows:

(Q2-Qy)
(o U = ——
100

Where:

CU = Water consumptive use, cm

Q. = Soil layer moisture content, wt/wt %, 48 hrs post irrigation.
Q1 = Sail layer moisture content, wt/wt %o, Just before irrigation.
D =Soil layer depth, cm

Bd = Bulk density of soil layer, glcm®

Water use efficiency (kg/m?):

The water use efficiency in the present work means
the total fresh or dry yield of Egyptian clover in kilograms
produced per cubic meter of water consumption, estimated
according to Ali et al. (2007) as follows :-

WUE (kg/m?®) = Total fresh or dry yield (kg/fed) / consumptive
use (m/fed)
Productivity of irrigation water (kg/m?®):

Water productivity is an efficiency term calculated as
a ratio of product output over water input. The output could
be biological goods such as crop grain, fodder, bulbs ....etc.
So, water productivity in the present study is expressed as
kilogram of fresh or dry forage obtained per the unit of
applied irrigation water.

The water productivity values were calculated for
different treatments according to FAO (2003) as follows:

WP (kg/md) = Total fresh or dry yield (kg/fed) / water applied
(mP/fed).
Statistical analysis:

The data of each cut and total yield in every season
were statistically analyzed according to Snedecor and
Cochran (1980). The difference between treatments means
were compared by least significant differences test at
probability level of 5% according to Gomes and Gomes
(1984).

RESULTS AND DISCUSSION

Fresh and dry forage yields:

Data in Table 3 represent fresh and dry forage yields
for five successive cuts as well as total cuts of two season as
affected by sowing methods ., seeding rates and their
interaction.

In general, fresh and dry forage yields were
positively increased as the number of cutting increased up to
the fourth.

Planting methods had significant effect on fresh and
dry forage yields at each cut as well as total cuts in the first
season also Results revealed that, sowing between in ridges
(60 cm) and flat sowing methods produced the highest total
fresh (56.62 and 56.32 t fed®) and dry (7.38 and 7.20
t fed™) forage yields with compared to raised bed and ridges
with (no till) (54.07 and 48.52 t fed) and (6.94 and 6.21 t
fed?) for total fresh and dry forage yield., respectively.

The second season, data over seeding rate reveled
that, the highest total fresh (57.50 t fed-1) and dry (7.45
t fed-1) forage yields by flat method wherever the lowest
data was achieved by ridges sowing (without till) (49.30 and
6.42 t fed-1) for total fresh and dry forage yield, respectively.
The previous results were in the same direct obtained by
Shihata (1982) in Egypt, they reported of that, there were
significant effects of planting methods on forage yield of
Egyptian clovers. Radwan et al., (2015) also studied the
effect of sowing methods on ten alfalfa Genotypes, they
found that sowing method had highly significant effect on
fresh and dry forage yields at each cut and total cuts.

Taking seeding rates into consideration, data in table
(3) investigated that, there were positive and significant
effect of seeding rate on fresh and dry forage yield at each
cut and total yield in two seasons. Increasing seeding rate
from 15 to 20 kg fed-1 had positively significantly increases
of total fresh and dry forage yields by (8.59 and 8.10 %) and
(6.62 and 5.39 %)in both season., respectively. These
increases in forage yield due to increases of plant height
(table 4) may be attributed to the efficient utilization of rat-
Limiting resources required for plant growth and
development, such as nutrient, space and light Pasumaty et
al,. (1996). Similar results were obtained by Ross et al
(2003) and EL-Karamany et al,. (2014), where reported that
decline in green forage yield when seeding rate was recorded
from 60 to 44 kg h-1.

Results in the same table also revealed that
increasing seeding rate up to 25 kg fed-1 negatively, effected
on berseem yield production in the two successive seasons,
and Without significant differences between 20 kg fed-1
seed rate, this results are in the same direction with EL-
Karamany et al,. (2014), they reported decreased forage
production at higher seeding rate of 24 kg h-1 compared
with 18 kg h-1.

The interaction between sowing methods and
seeding rate, in the first season where results indicated
significant differences on total fresh and dry forage yields in
the first season, the highest on the other hand significant of
total fresh 58.25 t fed™ and dry 7.59 t fed? forage yields
were obtained from sowing with ridges (60 cm) and received
20 kg fed followed by the sowing by flat and sowing rate
(25 kg fed ™). On the other hand the lowest fresh 45.83 t fed™
and dry 5.98 t fed* forage yield were resulted from treatment
sowing by ridges (without tillage) with15 Kg fed? as
seeding rate.

At the second season also investigate that, there were
difference between the values of fresh and dry forage yield
due to the interaction between sowing methods and seeding
rate but did not reach significant level the higher values of
forage production were belonged to treatment of sowing by
flat or ridges methods and planting with 20 or 25 Kg seed
fed-1. While the treatment sowing by ridges without till
methods and cultivated with 15 Kg fed-1 exhibited the
lowest values. These results may be due to the decrease of
plant height (table 4) where seeding density is critical to the
establishment of healthy and productive stand of Egyptian
clover Wichman et al. (1991) and Ball et al. (2002).

307



Magda N. Rajab and E. S. Kasem

Table 3. Fresh and dry forage yields (ton/fed) for Egyptian clover across five cuts yield as influenced by planting
method , seeding rates and their interaction of two seasons(2017 /2018 and 2018/2019 )

Planting Seeding Fresh yield (ton/fed.) Dry yield (ton/fed.)
method rates Cutting number
P) (S) | 1 1] [\ V Total | 1 11 [\ Vv Total
First season
S1 11.00 1110 1153 1217 837 5417 126 123 15 172 118 6.94
P1 S 1137 1120 1257 1237 973 5723 125 118 166 174 147 7.30
Ss 1240 1073 1287 1280 877 5757 147 117 169 178 127 7.36
Mean 1159 1101 1232 1244 89 5632 132 119 164 175 131 7.20
St 1083 1190 1250 1103 900 5527 136 130 165 158 1.36 7.25
P2 S 1152 1157 1343 1197 977 5825 141 129 169 172 148 7.59
Ss 1055 1040 1297 1243 998 5633 131 110 165 177 147 7.29
Mean 1097 1129 1297 1180 958 5662 136 123 167 169 144 7.38
St 1072 943 1053 990 940 4998 130 104 138 138 136 6.46
P3 S 1257 1107 1167 1123 972 5625 153 123 148 155 142 7.21
Ss 1257 937 1197 1223 983 5597 153 09 151 167 149 7.16
Mean 1195 996 1139 1112 965 5407 146 108 146 153 142 6.94
S1 1023 927 1013 877 743 4583 124 098 134 128 115 5.98
P4 S 1153 1037 1063 970 890 5113 136 113 135 142 142 6.67
Ss 1053 953 1057 1023 972 4858 124 099 135 145 119 6.21
Mean 10.77 972 1044 957 802 4852 128 103 135 138 125 6.29
Mean of S 10.70 1043 1118 1047 855 5131 129 114 148 149 126 6.66
Seeding rates S 11.75 1105 1208 1132 953 5572 139 121 155 161 144 7.20
Ss 1151 1001 1209 1193 9.08 5461 138 110 155 167 135 7.05
C 045 033 038 048 044 108 009 007 009 009 008 0.15
LSD.05 S 039 019 023 012 046 033 008 009 NS 004 005 0.13
' Interaction 095 088 052 050 052 077 016 011 NS. NS 014 0.20
Second season
St 1063 920 1433 1305 943 5665 100 121 163 166 158 7.08
P1 S 1117 903 1477 1368 1013 5878 112 118 178 184 181 7.74
Ss 1150 907 1390 1333 927 5707 117 124 173 181 159 7.53
Mean 1110 910 1433 1336 961 5750 110 121 171 177 166 7.45
S1 913 857 1380 1140 977 5267 090 112 177 161 182 7.22
P2 S 990 973 1447 1198 1027 5635 098 131 178 154 177 7.38
Ss 1093 947 1437 1202 953 5632 112 131 166 165 159 7.32
Mean 999 926 1421 1180 986 5511 100 125 174 160 173 7.31
S1 983 777 1220 1182 870 5032 098 108 158 164 167 6.95
P3 S 10.77 873 1320 1213 910 5393 108 116 170 168 143 7.05
Ss 11.03 853 1303 1168 817 5245 113 117 170 156 147 7.01
Mean 1054 834 1281 1188 866 5223 106 114 166 163 152 7.00
S1 863 803 1290 987 813 4757 082 109 15 135 136 6.18
P4 S2 943 903 1380 1087 873 5187 089 118 179 150 139 6.75
Ss 1050 897 1140 977 783 4847 099 122 143 137 133 6.34
Mean 952 868 1270 1017 823 4930 090 117 159 141 136 6.42
Mean of S1 956 839 1331 1153 901 5180 093 113 163 156 161 6.86
seeding rates S 1032 913 1406 1217 956 5523 102 121 176 164 160 7.23
Ss 1099 901 1318 1170 870 5358 110 123 163 160 149 7.05
C 048 053 NS. 048 052 2.61 NS. 008 NS. 006 020 041
LSD,05 S 030 032 NS. 042 055 251 004 006 NS. NS NS N.S.
Interaction NS. NS. NS. NS NS N.S. 015 NS. NS NS.  0.17 N.S

(P1,P,,Ps and P,) Planting method: Flat, ridges, raised beds and ridges (without tillage) sowing; (S1, S;and Ss) Seeding rates: 15, 20 and 25 kg seeds/fed,

respectively.

Plant height and leaves / stem ratio

The effect of sowing methods and seeding rate and
their interaction on plant height and leaves / stem ratio in two
seasons are summarized in table (4). Regarding to sowing
methods, results revealed that there were significant effects
of sowing methods on plant height in all cuts in two
successive seasons expect the second cut in the first season.
In general the highest values of plant height as an averages
of five cuts were belonged to (78.22 cm) raised bed method.
The lowest plant height on averages was related to sowing
by ridge (no tillage) (72.78 cm) in the first season. On the
other side at the second season, the traditional farmer flat
method significantly surpassed other there different methods
of plant height as an averages all cuts which recorded (76.80
cm) followed by ridges (74.84 cm), but the lowest average
of plant height (71.62 cm) was obtained from sowing with
raised bed.

Our result are in the same direction with lbrahim et
al (2014) and Hamdalla et al (2013) they reported that a
significant effect of sowing method on plant height of
alfalfa. Radwan et al. (2015) also found that sowing method
had highly significant effect on plant height in some cuts of
alfalfa.

Data in table (4) investigate that there were
significant effect of seeding rate on plant height in all cuts
and their means in the two seasons except the fourth and
fifth cut in the first and fourth in the second season on
average. On average increasing seeding rate from 15 to 20
kg fed led to positive and significant increase of an average
of plant height from 77.28 to 79.72 cm in the first season and
from 73.3 to 75.5 cm in the second season. These results
may be due to the more completion for light or nutrients,
which led to elongation of plant Imam and Ranjbar (2002),
also Bakheit et al. (2012) indicated that under the reduction
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in light penetration through middle and lower layes of
shoots, the auxins decimation led to increase of plant height.

Similar results were obtained by Kandil et al. (2004)
and Salem et al. (2019). The interaction between sowing
methods and seeding rate had insignificant effect on plant

height this mean that each factor affect separate. But
generally sowing berseem by ridges with 20 kg seed fed™
gave the highest value of plant height compared to sowing
by ridges (without till) with 15 kg seed fed! which recorded
the shortest plants.

Table 4. Berseem clover plant height and leaves/stem ratio (wt/wt) for five cut as influenced by planting method ,
seeding rates and their interaction of two seasons (2017 /2018 and 2018/2019).

Planting Seeding plant height (cm) Leaves/stem ratio
method rates Cutting number
P) (S) | 1] 11 v \V Mean | 1] 11 v V_  Mean
First season
St 65.33 7867 8567 8367 7567 7780 040 045 047 040 0.39 042
P1 S 67.67 8033 8800 8533 7767 7980 044 049 046 042 043 0.45
S3 73.00 7700 9167 7733 79.00 79.60 047 042 047 047 041 0.45
Mean 68.67 7867 8844 8211 7744 7744 044 045 047 043 041 0.44
S 68.00 79.00 89.00 7800 7667 7813 047 046 043 049 040 0.45
P2 S 7267 8333 9467 7600 7700 8073 050 050 051 048 044 0.48
Ss 67.00 7933 92,67 8167 7867 7987 044 041 047 046 046 0.45
Mean 69.22 8056 9211 7856 7744 7744 047 046 047 048 043 0.46
S 6133 7833 9500 7533 7633 7727 043 043 044 047 042 0.44
P3 S 6700 8167 9700 7633 7133 7867 048 047 049 045 051 0.48
Ss 66.67 7600 9833 8033 7233 7873 047 041 051 046 037 0.45
Mean 65.00 7867 96.78 7733 7333 7822 046 043 048 046 044 0.46
St 63.67 7767 9500 7367 69.67 7593 045 042 040 050 042 0.44
P4 S 68.67 8100 98.00 7833 7233 7967 049 048 046 046 046 0.47
S3 66.67 79.67 96.67 7500 7633 7887 048 043 043 045 0.39 0.44
Mean 66.33 7944 9656 7567 7278 7278 047 044 043 047 042 0.45
Mean of St 6458 7842 9117 7767 7458 7728 044 044 043 047 041 0.44
Seeding rates S 69.00 8158 9442 79.00 7458 7972 048 049 048 045 046 0.47
Ss 68.33 7800 9483 7858 7658 79.27 047 042 047 046 041 0.45
C 273 NS. 177 215 247 NS. 002 NS. NS NS NS 0.01
LSD,05 S 160 146 313 NS. NS 087 002 002 002 NS 002 0.01
Interaction 310 NS. NS. 575 NS NS. 003 NS. 004 004 003 N.S.
Second season
S 67.67 7067 83.00 8033 8067 7647 060 060 038 042 050 0.46
P1 S 69.00 6833 8367 8467 8167 7747 050 050 039 046 053 0.48
Ss 7033 6933 8200 8033 8033 7647 049 049 036 048 047 0.46
Mean 69.00 6944 8289 8178 8089 7680 053 053 038 049 050 0.47
S 60.33 6567 80.00 79.00 8267 7353 048 048 038 042 0.46 0.44
P2 S 62.67 6933 8200 8200 8333 7587 057 057 042 048 050 0.49
Ss 64.67 6833 7833 8400 8033 7513 060 060 041 044 045 0.48
Mean 6256 6778 8011 8167 8211 7484 055 055 040 045 047 0.47
S 61.67 6400 76.67 7600 7400 7047 043 043 042 048 0.46 0.45
Ps3 S 63.33 66.00 80.00 8100 7567 7320 046 047 047 042 053 0.49
Ss 64.67 6533 7833 7433 7333 7120 045 045 042 047 045 0.46
Mean 6322 6511 7833 7711 7433 7162 045 045 044 049 048 0.46
S 66.33 6467 7733 7767 7776 7273 048 046 047 045 049 0.47
P4 S 68.67 67.00 80.00 80.67 8100 7547 055 055 049 049 051 0.50
Ss 7167 6533 7733 7467 7633 7307 048 048 045 046 0.46 0.47
Mean 68.80 6567 7822 7767 7833 7375 050 050 047 047 049 0.48
Mean of S 6400 6625 7925 7825 7875 7330 050 050 041 044 048 0.45
seeding rates S 65.92 6767 8142 8208 8042 7550 052 052 044 051 052 0.49
S3 6783 6708 79.00 7833 7758 7397 051 051 041 046 0.46 0.47
C 088 259 280 363 113 143 NS. 003 002 NS. NS N.S.
LSD,05 S 157 095 155 NS 172 0.95 002 NS. 002 002 0.01 0.01
Interaction N.S N.S. NS. 249 NS N.S NS. 006 002 004 NS N.S

(P1,P2,Ps and P,) Planting method: Flat, ridges, raised beds and ridges (without tillage) sowing; (Si1, S;and Ss) Seeding rates: 15, 20 and 25 kg seeds/fed,

respectively.

Leaves / stem ratio

Results in table (4) indicated that there was
significant effect of sowing methods at first cut only and on
average of five cuts at the first season. However at the
second season, it was significant effect at second and third
cuts.

Sowing methods show in constant effect during
growing seasons. At first season, sowing with ridges and
raised beds gave similar values of leaves / stem ratio (0.46)
over the five cuts. Followed by ridges (no till) (0.45) and
flat (0.44).

On the other hand, at the second season no
significant effect was noticed among means values of
leaves / stem ratio this due to sowing methods.

Also data in table (4) indicated that there was
positive and significant effect of seeding rate on leaves /
stem ratio treatment in all cuts as well as on average of five
cuts in both seasons. increasing seeding rate from 15 to 20
kg fed! revealed significantly increase on average of
leaves / stem ratio from 0.44 to 0.47 at the first season and
from 0.45 to 0.49 at the second season on the other hand
the future more rise of seeding rate to 25 kg fed? led to
negative and significant effect on leaves / stem ratio.
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Data showed that decrease of the average values
reached from 0.47 to 0.45 and from 0.49 to 0.47 at first and
second season. Respectively. This reduction may be due to
both soil fertility and moisture was not enough to higher
plant population. Similar results were obtained by Kandil
et al. (2004) and Salem et al. (2019) regarding to the
interaction between sowing methods and seeding rate
results from table (4) investigate clearly that, there was no
significant effect on leaves / stem ratio in the second cut
and on average total five cuts in the first season and in the
first and fifth cuts as well as the average total cuts in the
second season. But still sowing between by 20 kg fed*
under any method of sowing understudy gave the highest
values of leaves / stem ratio.

In this connection, Imam and Rangbar (2000)
reported that plant height and leave / stem ratio affected by
the environment factors.

Applied irrigation water:

Data in Table (5) represent the effect of planting
method, seeding rates on applied water in cm and m®\fed as
well as saving water in the two growing seasons and the
mean of the two seasons. Concerning the effect of planting
method, the results obtained reveal that the highest applied
water of 3665 m3\fed (87.26 cm) in the first season, 3590
mi\fed (85.48 cm) in the second one, and 3628 m3\fed
(86.38 cm) for the mean of the two seasons were achieved
under the traditional flat planting method (P1). Whereas,
the raised bed method recorded the lowest applied water
(3148 mi\fed (74.95 cm), 3020 mi\fed (71.90 cm) and
3084 mA\fed (73.43 cm) in the abovementioned order. It is
obvious to observe that raised bed can saving about 15.0%
water in comparison to the traditional method.

Table 5. Amount of applied irrigation water under different planting method and seeding rates in 2017/2018 and

2018/2019 seasons.
Planting Seeding First season Second season Mean Mean saving
method rates cm m3/fed cm m3/fed cm m3/fed water (%)
S1 85.86 3606 85.12 3575 85.49 3591 0.00
P1 S 87.74 3685 85.48 3590 86.62 3638 0.00
Ss 88.19 3704 85.83 3605 87.02 3655 0.00
Mean 87.26 3665 85.48 3590 86.38 3628 0.00
S1 80.98 3401 78.33 3290 79.66 3346 6.82
P2 S 82.71 3474 81.79 3435 82.25 3455 5.03
Ss 83.43 3504 82.38 3460 82.91 3482 4.73
Mean 82.37 3459 80.83 3395 81.60 3427 5.53
S1 73.38 3082 69.05 2900 71.22 2991 16.71
P3 S 75.02 3151 7321 3075 74.12 3113 14.43
S3 76.43 3210 7345 3085 74.94 3148 13.87
Mean 74.95 3148 71.90 3020 7343 3084 15.00
S1 76.19 3200 74.64 3135 75.42 3168 11.78
P4 S 78.29 3288 76.79 3225 7754 3257 10.47
Ss 81.10 3406 77.74 3265 79.42 3336 8.73
Mean 78.52 3298 76.39 3208 77.46 3253 10.33
. S1 79.10 3322 76.79 3225 77.95 3274 11.77
r'\;'t‘;i” of seeding S 80.94 3400 79.32 3331 80.13 3366 998
Ss 82.29 3456 79.86 3354 81.07 3405 9.11

(P1,P2,P; and P) Planting method: Flat, ridges, raised beds and ridges (without tillage) sowing; (S, S;and S;) Seeding rates: 15, 20 and 25 kg seeds/fed,

respectively.

The superiority of raised bed method in saving
water can explained by the water was added in furrow as in
raised bed, the area of furrow in raised bed is lower than
other planting methods, consequently, received less
irrigation water Mollah et al. ( 2009). In this concern,
Swelem et al. (2013) indicated that raised bed regulate the
water distribution through lowering water losses by
reducing water evapotranspiration, deep infiltration and
surface water run off and seepage. These results are in line
with those obtained by Zhang et al. (2007) for wheat plant
and Karima and Hassan (2019) for barley plant.

As for seeding rates, the data clearly show that as
the seeding rate increased, the amount of applied water
increased, while the saving water decreased in the both
growing seasons. The applied water under 15 kg seeds/fed
decreased by about 3.9 and 3.8% over the treatment of 25
kg seeds/fed in both seasons, respectively. Whereas the
increment in the mean saving applied water due to the
lowest seeding rates reached to 29.2% when compared
with the treatment of higher seeding rate. In this
convection, Sayyed et al. (2012) reported that increasing
seeding rates resulted in significant increases in plant

population and yield of clover, hence need more of water.
In general, the data in Table (5) indicate that the clover
plant cultivated with 15 kg seed/fed under raised bed
method recorded the lowest applied water which resulted
in more saving water than other treatment.

Seasonal Consumptive Use (m®/fed.):

The data of the effect of both planting method and
seeding rates on seasonal consumptive use are given Table
(6). With respect to planting method, the data indicated that
the total consumptive uses of Egyptian clover during the
two growing seasons were significantly affected by
planting method. It could be arranged the effect of planting
method on seasonal consumptive use as the descending
order as follow: flat > ridges > ridges without tillage >
raised bed. The highest seasonal consumptive use of
27854 and 2728.4 mdfed were recorded due to the
traditional flat method (P1), while the lowest ones of
2203.4 and 2114.0 m®/fed were obtained under the raised
bed method in both seasons, respectively. It can be
observed that the effect of planting method on seasonal
consumptive use follows the same trend of applied water
as discussed before (Table 6). These results are in line with
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those obtained by Hossain et al. (2004) and Abou El enein
etal. (2009).

Table 6. Water consumptive use (m®/fed.) as affected by
planting method and seeding rates in 2017/2018

and 2018/2019 growing seasons.
Planting Seeding C.U. (m¥fed.)

method  rates Firstseason  Second season  Mean
S1 2740.6 27170 2728.8
Py S 2800.6 27284 2764.5
S3 2815.0 2739.8 27774
Mean 2785.4 27284 2756.9
S1 2516.9 2434.6 2475.3
P2 S 2570.9 2541.9 2556.4
Ss 2593.0 2560.4 2576.7
Mean 2560.3 2512.3 2536.1
S1 21574 2030.0 2093.7
P3 S 2205.7 21525 2179.1
Ss 2247.0 2159.5 2203.3
Mean 2203.4 2114.0 2158.7
S1 2240.0 21945 22173
P4 S 2301.6 22575 2279.6
Ss 2384.2 2285.5 2334.9
Mean 2308.6 2245.8 2271.3
Mean of St 2413.7 2344.0 2378.9
seeding S> 2469.7 2420.1 24449
rates Ss 2509.8 2436.3 2473.1

(P1,P,,P; and P,) Planting method: Flat, ridges, raised beds and ridges
(without tillage) sowing; (S1, S; and Sg) Seeding rates: 15, 20 and 25 kg
seeds/fed, respectively.

Considering the effect of seeding rates, the data show

that increasing seeding rates from 15 to 25 kg/fed seeds

resulted in markedly increasing in seasonal consumptive use.
The relative decreasing in this water incidence caused by
using 15 kg/fed seeds reached to 3.8 % over using 25 kg /fed
seeds in both seasons. Again, the effect of seeding rates on
seasonal consumptive use is parallel to its effect on applied
water, where highest seeding rates resulted in more plant
population as well as fresh forage yield which absorbed
greatest amount of water then other seeding rate treatments
Oushy (2008).

The data of the effect of combined planting method
and seeding rates reveal that the treatment of raised bed + 15
kg/fed seeding rate recorded the lowest seasonal consumptive
(2157.4 and 2030.0 m¥/fed) in both growing seasons,
respectively. While, the plants cultivated by using 25 kg/fed
seeds and planted in the traditional flat method consumed
highest amount of water (2815.0 and 2739.8 m®/fed) in the
two seasons, respectively.

Water use efficiency and water productivity:

The water efficiency or water productivity in this
study, mean kg fresh or dry yield of clover forage produced
due to one cubic meter of total consumed water or total
applied water, respectively. The data in Table (7) represent
the effect of planting method and seeding rates on this water
incidence.

Table 7. Water use efficiency and water productivity (kg/m°) as affected by planting method and seeding rate s in

2017/2018 and 2018/2019 growing seasons.

W.U.E. (kg /m* Water consumption)

mg{‘ﬁg@g S?_Z?égg First season Second season Mean
Fresh Dry Fresh Dry Fresh Dry
S1 19.77 253 20.85 261 20.31 257
Py Sz 2043 261 2154 2.84 20.99 2.73
Sz 20.45 2.61 20.83 2.75 20.64 2.68
Mean 20.22 2.58 21.07 2.73 20.65 2.66
St 21.96 2.88 21.63 297 21.80 293
P> S 22.66 2.95 22.17 2.90 2242 2.93
Ss 21.72 2.81 22.07 2.86 21.90 2.84
Mean 2211 2.88 21.95 291 22.04 2.90
S1 23.17 2.99 24.79 342 23.98 321
P3 S 25.50 3.27 25.05 3.27 25.28 3.27
Ss 2491 3.19 24.29 3.25 24.60 3.22
Mean 2453 3.15 24.71 331 24.62 3.23
S1 20.46 2.67 21.68 2.82 21.07 2.75
P4 S 22.22 2.90 22.98 2.99 22.60 2.95
Ss 20.38 2.60 21.211 2,77 20.80 2.69
Mean 21.02 2.72 21.95 2.86 21.16 2.80
. S1 21.34 277 22.24 2.96 21.79 2.87
Mean of seeding S, 2270 2,93 2294 300 282 297
Ss 21.87 2.80 22.10 291 21.99 2.87

W.P. (kg /m* Water applied)

S1 15.02 1.92 15.85 1.98 15.44 1.95
Py S 15.53 1.98 16.37 2.16 15.95 2.07
Ss 1554 1.99 15.83 2.09 15.69 2.04
Mean 15.36 1.96 16.02 2.08 15.69 2.02
S1 16.25 213 16.01 2.19 16.13 2.16
P> S 16.77 2.18 16.40 215 16.59 217
Ss 16.08 2.08 16.28 212 16.18 2.10
Mean 16.37 213 16.23 2.15 16.30 214
St 16.22 2.10 17.35 2.40 16.79 2.25
Ps S 17.85 2.29 1754 2.29 17.70 2.29
Ss 17.44 2.23 17.00 2.27 17.22 2.25
Mean 17.17 2.20 17.29 2.32 17.24 2.26
S1 14.32 1.87 16.05 197 15.19 1.92
Pa S 15.55 2.03 17.72 2.09 16.64 2.06
Ss 14.26 1.82 16.06 1.94 15.16 1.88
Mean 14.71 1.91 16.28 2.00 15.66 1.95
. St 15.45 201 16.32 214 15.89 2.08
Mean of seeding S 1643 212 17.01 217 16.72 215
Ss 15.83 2.03 16.29 211 16.06 2.07

(P1,P2,P; and P,) Planting method: Flat, ridges, raised beds and ridges (without tillage) sowing; (S;, S;and Sz) Seeding rates: 15, 20 and 25 kg seeds/fed,

respectively.

Considering the planting method, the obtained results
indicate that the best water use efficiency and productivity,

whether as fresh or dry weight basis were obtained under
raised bed method fallowed by ridges method, while the
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traditional farmer flat method recorded the lowest ones in
both seasons. The superiority of raised bed method on these
traits than other planting method is mainly du to its positive
effect on reducing consumptive and applied water as
discussed earlier in Tables (5 and 6). These results are in line
with those obtained by Aboulenien et al. (2010) and Ouda et
al. (2010).

With regard to seeding rates, the data show that both
water consumptive use and water productivity were
significantly affected by seeding rates, where 20 kg seeds
/fed exhibited the highest values of these traits. On the other
hand, 15 and 25 kg/fed seeds had nearly the same effect on
these traits, whether on fresh or dry weight basis. The
increment of water use efficiency or water productivity
caused by 20 kg seeds/fed can explained by its positive
effect on fresh or dry yield of forage clover (Table 3).

The data of the combined effect of both planting
method and seeding rates indicate that the treatment of
cultivated clover plant with 20 kg/fed seeds on raised bed
resulted in highest values of water use efficiency and wand
water productivity, while the treatment of flat method when
cultivated with 15 or 25 kg/fed seeds recorded in the lowest
ones.

Recommendation

It could be recommended to use raised bed (120 cm)
with 15 or 20 kg seeds/fed, while in case of present sufficient
water it could be recommended to cultivate Egyptian clover
on flat or ridges with 20 kg seeds/fed seeding rate.

CONCLUSION

In respect to the results of this study under deficit
water resources, recommended to use raised bed (120 cm)
with 15 or 20 kg seeds/fed to reducing applied water,
consequently saving water during growing clover, while in
case of present sufficient water it could be recommended to
cultivated Egyptian clover on flat or ridges with 20 kg
seeds/fed to maximum fresh and dry yield of clover.
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