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Influence of Irrigation Intervals under Different Sowing Dates on
Water Relations, Yield and Quality Nutrition of Guar Forage Crop
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‘WO FIELD experiments were conducted at Giza Agriculture Research Station during the

two growing seasons of 2015 and 2016. The investigation was carried out to study the effect
of different irrigation intervals, i.e., two weeks and three weeks in combination with different
sowing dates, i.e., 1** April ,15" April, 1% May and 15™ May on Guar forage crop (Cyamopsis
tetragonoloba L.,var. Shandaweel 1 ) crop - water relations, yield and yield components under
middle Egypt conditions. The main results could be summarized as follows:-

The number of applied irrigations and seasonal water consumptive use (CU) were increased
with decreasing irrigation interval days which the shortage irrigation interval (irrigation every
15 days) recorded the maximum CU under all sowing date with an overall average being 442
and 453 mm for first and second season, respectively. The same trend was found with sowing
date, with plant sown in 1** April consumed more water than the other sowing dates. The lowest
water use efficiency (WUE) was recorded under longer irrigation interval (irrigation every
21days) comparable to (irrigation every 15 days) and values of WUE differed due to sowing
date, which the S4 (sowing at 15" May) gave the lowest WUE while, S1( sowing at 1* April)
obtained the highest value. The crop coefficient (Kc) values started small and increased to reach
their maximum values in mid season under all sowing dates, then decline again until the crop
maturity under all sowing dates.

All yield and yield component traits were markedly affected by sowing date and irrigation
interval. Most of the studied traits except leaves/stem ratio as well as fiber %, decreased by
delaying sowing date from 1* April to 15" May. Decreasing irrigation interval days from 21 to
15 days significantly increased plant height, number of branches/plant, fresh and dry yield ton
fad!, while leaves/stem ratio and crud fiber% which increased by increasing irrigation intervals
from 15 to 21 days.

Keywords: Guar forage crop, Irrigation intervals, Water utilization efficiency, Plant and crop

coefficient (Kc).

Introduction

Guar or cluster bean ( Cyamopsis tetragonoloba,
L.) is a drought tolerant annual legume grown
principally in India and Pakistan. Also, guar is
cultivated in small areas in USA, Australia and
Africa. It can be eaten green like snap bean, feed
to cattle or used as green manure (Gomaa et al.,
2007). in Egypt , guar is a promising summer
forage crop that could be used to reduce the
gap between the available and required summer
forage crops for livestock feeding especially in
grass — legume mixtures to increase dry matter
yield, protein percent and gave forage of better
quality than pure crops (Farrag et al., 1997).

Water is considered an economical scare
resource in many areas of the world especially
in arid and semiarid regions as Arabic countries
in especially in Egypt ; also, it is considered a
limiting factor in agricultural expansion in all
countries over the world. In Egypt, however,
irrigation water is not sufficient for both irrigation
and reclamation purposes due to limitation water
resource coming from the stabilize share of the
Nile water and the slight acquit of other renewable
sources, which affects the sustainability of
agricultural development and food security. The
effective irrigation water management practices
and maximization water productivity is the
desired target in this situation. One of the most
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important methods of water conservation are saving
irrigation water by increasing irrigation intervals or
decreasing irrigation depths. In this respect, Anton
et al. (1995) stated that, the ecological importance
of water is the result of its physiological importance.
Every plant process is affected directly or indirectly
by water supply Seyed et al. (2011). Noticed
that the increases on irrigation intervals decrease
forage yield in sorghum. Alian & Mokhtar (2014)
reported that the number of applied irrigations,
seasonal water consumptive use and fresh yield of
Jerusalem artichoke forging crop were increased
with decreasing irrigation interval days .

Managing planting date influences crop growth
and development as well as interaction between
growth and development and stressful periods (Abd
El Lattief, 2011). Selection of proper sowing date
is vital to obtain high yield due to variation among
the weather conditions (Murungu et al., 2010). The
ability of guar to thrive under semi-arid conditions
(Abidi et al., 2015) makes it highly suitable for the
Egyptian condition. Planting date studies performed
in areas with wide climate variation, such as NW
India and Pakistan, Losavio et al. (2002) noticed
higher guar seed yield in planting period of May to
August. Similarly, mid-May planting of guar has
been reported to produce the highest seed yield in
Mediterranean environment of Italy (Gresta et al.,
2013). Primarily, guar was used for fodder is grown
from May to July under Egyptian condition. There
are many climate changes in later years affects on
growth crop yields. Additional to, no information
is available on optimum planting date for guar in
regions inside country. In view of these facts, the
present work aimed to comparatively evaluating
four planting dates under different irrigation
intervals on yield and water use efficiency of guar
forage crop under middle Egypt condition (Giza
region) .

Materials and Methods

The present work was carried out at Giza
Agricultural  Research ~ Station, Agricultural
Research Center, Egypt in 2015 and 2016
summer growing seasons. The objectives of these
experiments were aimed to study the effect of
irrigation intervals (14 and 21 days) with four
sowing dates, 1% April, 15% April , 1 May and 15%
May on yield, yield components and some water-
relations of Guar forage crop grown in middle
Egypt. The adopted treatments were arranged in
a split plot design with three replicates. The main
plots represented the irrigation intervals, while the
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sowing dates were set in the sub ones. The sub plot
area equals 24 m? (4x6 m).

The adopted experimental treatments assigned as
Sfollowed:
1. Main plot (Irrigation intervals)
1.1. Two weeks (14 days I ).
1.2. Three weeks (21 days L).

1. Sub main plot (sowing dates )
2.1. 1 April (S).

22,15 April (S).

2.3.1May (S)).

2.4.15May (S,).

During seed bed preparation, calcium
superphosphate (15.5% P,0,) was incorporated into
topsoil a rate of 15.5 kg P O fad". Furthermore, 24
kg KO, fad" as potassium sulfate, 48% KO, added
just before sowing. Nitrogen fertilizer was added in
the form of ammonium sulfate, 20.5 % N at the rate
of 75 kgfad! before the second irrigation. Irrigation
was practiced as traditional furrow irrigation , and the
crop was kept weed free by hand weeding at 21 and
33 DAS in the two seasons and no pests or diseases
were observed in both seasons.

Weather data used in calculating potential
water consumptive use were collected from Agro-
meteorological Giza Station (Latitude: 30°,03-,
Longitude: 31°:13- Elevation: 18.6 ) during the
growing seasons and listed in Table 1. Particle size
distribution according to Gee & Bauder (1986)
and the chemical analyses of soil, i.e., total N was
determined according to Bremner & Mulvaney
(1982), available P (Olsen et al., 1954), total K (Hesse,
1972), EC (Richards, 1959) and pH (McLean, 1982).
Field capacity was determined according to Cassel
& Nielsen (1986). Wilting point was determined
according to Stakman & Vanderhas (1962). Available
water was calculated from the values of field capacity
and wilting point. Bulk density was determined
according to Blake & Hartge (1986) were listed in
Table 2 and Table 3.

Soil samples were taken from depths were 15-
cm successive layers down 60-cm depth of the soil
profile just before each growing season to determined
soil moisture constants for the experiment site, and
summarized as average in Table (2)

The Giza soil is a montmorillonitic, thermic,
deep (Abdel - Wahed, 1983). Properties of the soil
are shown in Tables 3.
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TABLE 1. Some meteorological data at Giza Agriculture Research Station in 2015 and 2016 seasons

Season 2015 2016

Month Tmax T min WS RH SR Tmax T min WS RH SR
April 27.20 13.90 4.30 64.0 19.60 29.10 14.40 4.10 62.0 23.80
May 32.70 19.20 4.00 60.0 25.20 34.40 17.30 4.40 59.0 26.50
June 32.60 21.30 4.20 61.0 26.80 35.60 21.40 4.20 60.0 28.90
July 34.50 23.20 3.70 66.0 29.40 36.80 21.70 3.90 64.0 28.60
August 37.60 26.00 4.00 70.0 31.20 36.70 21.80 3.80 68.0 26.40
September 36.10 24.50 3.60 71.0 24.70 32.40 19.20 3.90 70.0 22.80
October 29.90 18.20 4.30 71.0 19.60 31.90 17.80 3.80 71.0 18.30
Average 32.94 20.90 4.01 64.0 25.21 33.84 19.09 4.01 64.0 25.04

T max and T min = maximum and minimum temperatures, °C ; WS= wind speed cm/sec ; RH = relative humidity % ; SR = solar

,radiation, cal/cm?/day

TABLE 2. Soil moisture constants (% by weight) and bulk density (g cm™) of soil site of Giza Agricultural Research

Station.
Depth, cm Field capacity Wilting point Available water Bulk density
00-15 41.9 18.6 23.24 1.15
15-30 33.7 17.5 16.18 1.20
30-45 28.4 16.9 11.46 1.22
45-60 28.1 16.5 11.51 1.28

TABLE 3. Some physical and chemical properties of the soil at the experimental stie.

Particle-size distribution

Soil fraction

Content %

Coarse sand

Fine sand

Silt

Clay

Textural class

Soil chemical analyses

Organic matter

Available N (KCl-extract)

Available P (Na - bicarbonate extract)
Available K (NH4 - a acetate extract)

pH (1:2.5, soil: water suspension)

291
13.40
30.51
53.18
Clay
Content
1.80%
40.0 mgkg!
19.0 mg kg
304 mgkg!

7.4
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Data recorded

Growth traits

1.  Plant height (cm).

2. Leaves /stem ratio.

3. Number of branches plant™.

4. Fresh and dry yields (ton fad! ) (faddan
=0.42 Hectar)

Chemical composition

The plant samples were collected from each
sub plot, weighed and oven dried at 70°C for 48
h up to the constant weight, ground and prepared
for digestion as described by Page et al .(1982).
Chemical analysis of forage was done following
the conventional methods recommended by the
Association of the Official Agricultural Chemists
(A.0.S.C. 1991) on the dried forage sample at
70°C of each cut to determine crude protein
percentage (CP) % and crude fiber percentage
(CF) %.

Water relations

Actual water consumptive use ‘CU’ (Actual
evapotranspiration)

Water consumptive use was determined via
soil samples from the sub plots just before each
irrigation and 48 h later besides at harvest, in 15
cm segments along the 60 cm depth of the soil.
The seasonal water use values were obtained
from the sum of water consumptive use for
all irrigations, from sowing until harvesting
under different treatments. The CU was for etch
irrigation was calculated according to Israelsen &
Hansen (1962) as follows:

CU=(Q,-Q, ) x ERZD x Bd (1)

where: CU = Actual consumptive use (mm)
ERZD= effective root zoon depth. (mm)
Bd = bulk density of soil (g cm™)
Q, = the soil moisture two days after
irrigation (% w/w).
Q, = the soil moisture before next irrigation
(% w/w).

Water use efficiency (WUE)

Water use efficiency (WUE) values were
calculated in kg of Guar fresh yield produced per
m? of water consumed per faddan according to the
following equation (Vites, 1965):

fresh yield (kg/fad)
WUE. = 2
Seasonal ET (m?/fad)
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Potential evapotranspiration determined by
estimated ET formula

Reference evapotranspiration (mmd') values
were determined via the metrological data of
Giza region illustrated in Table 1. Penman
Monteith method was used to calculate ETp using
CROPWAT 8 model (Smith, 1991) as follows:

ETo=ETrad +ETaero (3

where: ETo= Reference evapotranspiration of
standard crop canopy (mm/d)

ET rad = Radiation term (mm/d)

ET aero = Aerodynamic term (mm/d)

d(Rn-G) 1/ A
ET rad =

d+y

where: ET rad = Radiation term (mm/d)
Rn= Net radiation (MJ/m?d)
G= Soil heat flux (MJ/m?%d)
A= Latent heat of evaporation (MJ /kg)

y 900

ET aero = U2 (ea - ed)

d+y*  (T+275)

where : ETaero = Aerodynamic term of ETo
(mm/d).

y= Psychrometric constant (kpa/°C).

U2= Wind speed (m/s).

ea-ed= Vapour pressure deficit (kpa).

T = Air temperature (°C).

y* = Modified psychrometric constant
(kpa/ °C)

Crop coefficient (Kc crop)
The Kc crop values were estimated from the
general formula

ET crop=ETO0 * Kc @)

where: ET crop = Crop evapotranspiration (mm/
month).

ETO= Reference evapotranspiration (mm/
month).

Kc = Crop coefficient.

Statistical analysis
Data were statistically analyzed according to
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Snedecor & Cochran (1980) and treatment means
were compared by least significant difference test
(LSD) at 0.05 level of significance. Bartlett’s test
was done to test the homogeneity of error variance.
The test was not significant for all assessed traits,
so, the two season’s data were combined.

Results and Discussion

Growth traits

Data in Table 4 showed the effect of irrigation
intervals, sowing dates and their interaction on
growth traits namely; plant height, number of
branches /plant and leaf/stem ratio.

Effect of irrigation intervals

Results indicated that irrigation intervals
had significant effect on plant height, number of
branches /plant and leaves/stem ratio. The means
comparison of these traits indicated that increase
of water deficit stress significantly decreased
plant height and number of branches /plant. Also,
increase of irrigation intervals from 15 to 21 days
decreased these traits. In this concern, El-Ryad
(2013) reported that increase water stress levels
decreased plant height and number of shoots per
plant of cowpea and sorghum forage crops, the
same results found by Qasem et al. (2010) on
cowpea. On the other hand, leaf/stem ratio trait
significantly increased with increase of water
deficit stress increase. Also, increase of irrigation
intervals from 15 to 21 days increased the mean
ratio of leaf to stem weight by 12 % (Table 4).
Seyed et al. (2011) stated that the effect of water
deficit stress on leaf/stem ratio of sorghum was
significant and with the increase in the intensity
of drought stress increased, Also, Afsharmanesh
(2009) on alfalfa fond the same result.

Effect of sowing date

There were significant differences for plant
height among different sowing dates (Table 4).
Early planting date 1** April exhibited taller plants,
increase in number of branches and leaf/stem ratio
over all cuts, the mean values were 79.13, 6.16
and 1.28, respectively. These results in harmony
with the observations of Ramzan et al. (1992) who
reported that plant height was generally reduced
in delayed sowing in case of mungbean and in
cowpea (Ichi et al., 2013). However 15" April
and 1** May did not differ significantly in number
of branches /plant and leaf /stem ratio. Later date
15" May produced significant lowest values. This
might be due to different climatic regimes with
later date (Patel et al., 2002).

Effect of interaction

Interaction between irrigation intervals and
sowing dates significantly influenced growth
traits as shown in Table 4. Results indicated that
the highest values of all studied growth traits were
obtained from the treatment irrigation atl5 days
interval as interacted with 1% April planting date
except, leaves/stem ratio where the maximum
value recorded with 21 days intervals interacted
with 1% April planting date.

Fresh and dry yield

Effect of irrigation intervals

Effect of different irrigation intervals on
fresh and dry forage yield of guar and total cuts
are shown in Table 5. The highest fresh and dry
forage yield of all cuts were obtained when gaur
plants irrigated at 15 days intervals treatment.
Similar trend was observed in total fresh and dry
yield, it increased by 25.64% and 33.74 % for total
fresh and dry yield, respectively. In this concern,
El-Ryad (2013) revealed that the superiorities
of cowpea and sorghum forage yield with 100%
FC irrigation. Seyed et al. (2011) found that the
maximum total fresh and dry yield were obtained
with 5 days interval compared with 20 days interval
in sorghum forage crop and Dadson et al. (2005)
have also reported significant effects of water
stress on cowpea.

Effect of sowing date

All sowing dates differed significantly on
fresh and dry yields over all cuts and total yield
(Table 5). Early sowing date 1** April produced the
highest values of 21.66 and 7.14 ton/fad for the
total fresh and dry yield, respectively followed by
second date 15 April, while, sowing in 15% May
produced lower fresh and dry yield. These results
are in harmony with those obtained by Gallagher &
Biscoe (1978), sowing at optimum time enables the
crop to best use the available growth factors such as
temperature and solar radiation at different stages of
growth for high productivity. Akinola et al. (1979)
found that early sowing gave higher dry matter
yield in cowpea than late sowing, the same results
observed by Ichi et al. (2013) on cowpea, Modawi
et at. (1995) obtained higher forage production of
cluster bean in early sowing.

Interaction
The effect of irrigation intervals and sowing dates
interaction on fresh and dry yield were significant
(Table 5). The highest values were pronounced by
combination of irrigation intervals 15 days and 1*
April sowing date.

Egypt. J. Agron. 39, No. 3 (2017)
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TABLE 5. Effect of irrigation intervals and sowing dates on fresh and dry forage yield ton fad™!
(combined of two seasons).

Fresh forage yield ton fad™! Dry forage yield ton fad!
freatments o1 cut2 cut3 cuts P8 gy Cut Cut Cut Total
cuts 2 3 4 cuts
Irrigation intervals
I1 5.70 6.79 4.34 3.16 19.99 1.26 1.56 090 0.60 4.32
12 4.55 5.55 3.29 2.46 1591 0.95 1.24  0.62 0.39 3.23
L.S.D 0.12 0.15 0.37 0.38 0.51 0.03 0.04 0.08 0.09 0.12
Planting dates
S1 6.01 7.57 4.92 3.13 21.66 2.14  2.50 1.90 0.55 7.14
S2 5.68 6.97 422 2.49 19.39 205 235 173 040 6.55
S3 4.99 5.66 3.66 -—-- 14.31 1.89  2.05 1.60 - 5.54
S4 3.83 4.49 2.45 - 10.77 1.62 1.77 1.32 - 4.71
L.S.D 0.21 0.32 0.21 0.12 0.49 0.05 0.07 0.05 0.03 0.11
Interactions
I1S1 6.55 8.44 5.32 3.46 23.77 1.26 1.70  0.99 0.61 4.56
1182 6.31 7.84 4.82 2.86 21.83 .19 154 087 050 4.10
I1S3 5.98 5.98 431 -—-- 16.23 L1 112 075 - 2.98
1184 3.97 4.90 2.89 - 11.76 0.65 0.86 042  -——-- 1.93
1281 5.46 6.70 4.52 2.80 19.54 .02 131 081 - 3.14
1282 5.05 6.10 3.61 2.12 16.94 091 1.15 059 049 3.17
1283 4.00 5.34 3.01 -—-- 12.35 0.67 0.97 045 0.29 2.41
1284 3.69 4.08 2.02 - 9.79 059 0.68 023 - 1.50
L.S.D 0.29 0.45 0.29 0.17 0.69 0.07 0.10 0.07 0.04 0.15

I,:15 days interval,L: 15 days intervals;S ,S,.S and S, are sowing at 1 April ,15"April, 1* May and 15" May

Chemical composition

Effect of irrigation intervals

The analysis of variance showed that irrigation
intervals had significant effect on protein and crud
fiber percentage of guar forage yield (Table 6).
The protein percentage decrease with the increase
of irrigation intervals from 15 to 21 days over
cuts, where it decreased from 15.65 to 15.45% of
the mean protein percentage. The results of this
research is accordance with reports of Nielsen et al.
(2006) on corn, millet and triticale and Seyed et al.
(2011) on sorghum who explain this result by the
sensitivity of cellular growth to water efficiency,
the decreasing of water potential in meristem
is a cause for reduction of the turgor (potential)
pressure, that isn’t enough for the cell growth ;this
subject is one of the causes of decreasing protein
synthesis. On the other hand, there are significant
increase in crude fiber percentage with increase
irrigation intervals from 15 to 21 days .

Effect of sowing date:

All sowing dates differed significantly in
protein percentage (Table 6). Sowing guar early
at 1 April produced higher protein% than late
sowing 15" May among all cuts. These results
could be attributed to decrease in dry matter yield.
On the other hand, early sowing date decreased
crud fiber

Effect of interaction

The interaction of irrigation intervals and
sowing dates revealed that mean of protein
percentage over cuts reached to its maximum value
(16.19%) under irrigation at 15 days intervals as
interacted with 1% April, whereas the maximum
mean value was 26.97% of crude fiber under
irrigation at 21days intervals and 15" May planting
date (Table 6).

Egypt. J. Agron. 39, No. 3 (2017)
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TABLE 6. Crude protein% and crude fiber % of pearl millet as affected by water intervals and planting

date (first season).

Protein (%) Crude fiber %
freatments . ¢1 Cut2 Cut3 Cut4 Mean Cutl CZ“t Cs‘“ Cut4 Mean
Irrigation intervals
I 16.04 16.57 1546 14.52 15.65 2558 2679 2734 28.00 26.78
12 15.76 1631 1527 1446 1545 2559 2681 27.53 28.12 26.86
L.S.D 0.26 0.02 0.11 0.03 0.09 0.01 0.23 0.06 0.07 0.01
Planting dates
S1 16.61 17.13  16.11  14.88 16.18 2530 2649 27.06 27.86 26.68
S2 16.06 16.59 1540 14.09 15.53 2537 2658 2726 2825 26.87
S3 1578 1628 1528  ---—-- 15.78 2581 27.02 2761  --—-- 26.82
S4 15.16 1575 14.67  -——-- 15.19 2587 27.11 2781 - 26.93
L.S.D 0.24 0.03 0.06 0.03 0.06 0.02 0.02 0.05 0.03 0.02
Interactions
I1S1 16.62 17.12 16.14 14.88 16.19 2529 2647 2699 2778 26.64
1182 16.26 16.86 1555 14.17 1571 2536 2658 27.15 2821 26.83
11S3 16.79 1624 1536 - 15.81 2579 2699 2753 - 26.77
1154 1549 16.05 1479 - 1545 2586 27.11 27.69 - 26.89
1281 16.59 17.13  16.08 14.89 16.17 2531 2652 2713 2795 26.72
1252 15.85 1632 1525 14.02 1536 2537 2658 2737 2829 2691
1283 15.77 1632 1521  -—-—-- 15.77 2581 27.05 2770  ------ 26.85
1254 1482 1546 1454 - 1494 2588 27.11 2792 - 26.97
L.S.D 0.34 0.04 0.08 0.04 0.08 0.02 0.02 0.08 0.04 0.02

1,:15 days interval,l: 15 days intervals;S ,S,,S and S, are sowing at 1** April ,15"April, 1" May and 15" May, respectively.

Water relations
Actual  water
evapotranspiratio )
Results in Table 4 show that, the overall
averages of actual water consumptive use (Eta) in
2015 and 2016 seasons were 1716.2 and 1760.1
cm’, respectively.

consumptive use (Actual

It’s clear that seasonal water consumptive
use (ETa ) was increased as intervals days value
decreased since the ETa value under the 15 days
interval was increase by 15.18 % more than those
under 21 days interval treatments, in the first
season. Similar trend was observed in the second
season with increased reached to 14.91%. Two
seasons results reveal that, regardless of sowing
date, water consumptive use was increased as
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intervals days decreased. These results may be
attributed to increased number of irrigations
and the soil moisture was more available for
extraction by plant roots and as well as soil
surface evaporation under short time irrigation.
On other hand, results also showed that, slight
increased was found in 2™ growing season
compared to the 1 season especially under short
time irrigation. This could be attributed to higher
temperature prevailed in the 2" growing season
(Tablel). These results are in the harmony with
those obtained by El- Sabbagh et al. (2002) who
noticed that seasonal water use was increased
with decreasing irrigation interval days. Other
similar results are obtained by Moussa & Abdel-
Maksoud (2004). Recently El-Sarag (2013) reported
that increasing irrigation intervals from 10 up to
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15 and 20 decrease CU for wheat crop in North
Egypt (AL Arish region ) .

With respect to sowing date (Table 7), results
indicate that maximum seasonal CU values were
1774.9 m® was recorded for early sowing date
S (sowing on 1" April) as compared with other both
sowing date; S, S, and S, respectively with an
increased arranged between +0.97 ,3.39 and 8.891
% more than S, S, and S, sowing date in  the first
season. However in second season, similar trained
was found with maximum CU value being 1839.6
m’ for S treatment, with an increases reach to

1.48, 5.40 and 10.41 % for the same respective
sowing date treatments. Maximum values of CU
were rustles from interaction between S x I, with
values being 1904.3 and 1984.8 m? for season first
and second, respectively. These results indicate
that ETa values increased with early sowing date,
whereas delaying sowing date gradually decrease
CU values. This may be due to shortage growing
season under delayed sowing date caused in
minimize develop roots growth as well as decrease
water uptake by plant. These results are in a good
agreement with those obtained by Hussien et al. (
1990).

TABLE 7. Seasonal water consumptive use (m?®) of guar (Cyamopsis tetragonoloba L.) as affected by irrigation
regime and sowing date at Giza region in 2015 and 2016 seasons.

Season Summer 2015 Summer 2016

Irrigation Treatment n 12 Average 11 12 Average
S, 1904.3 1645.5 1774.9 1984.8 1694.4 1839.6
S, 1875.3 1640.8 1758.1 1961.9 1663.0 1812.5
S3 1860.8 1568.5 1714.7 1854.9 1625.6 1740.3
S, 1788.2 1446.1 1617.2 1805.9 1490.2 1648.1
Average 1857.2 1575.2 1716.2 1901.9 1618.3 1760.1

S,»S,,,S,and S, sowing on 1 April, 15" April , I May and 15" May ,respectively . I and I; Irrigation interval every 14 and

1?7222 73

21 days.

Water Use Efficiency (WUE)

Values of water use efficiency as recorded in
Table 8 , indicate that irrigation at 14 days interval
gave the maximum water use efficiency of 9.91
and 9.67 kg fresh yield /m* water in first and
second season, respectively. While the minimum
value was 9.30 and 9.06 kg fresh yield /m* water
was recorded for long irrigation time (21 days
interval) for the same respective treatments. The
two-season results indicate that, there was sight
increased with decreasing number of irrigation
according to irrigating at short days interval.
These results are in harmony with those reported
by El-Marsafay (2000) and in accordance with
observation of Krogman et al (1980) who found
that faba bean water use efficiency was similar
among different irrigation treatments since the
seed and straw yield linearly depended on total
water received.

Results in Table 8 indicate the highest value
of water use efficiency 12.20 and 11.77 kg fresh
yield/m?/fad was obtained with sowing plant at
13 April (S,) for both growing seasons. However
the lowest one 6.66 and 6.54 -kg fresh yield/m?/
fad) were obtained with sowing plant at 15* May
(S,). Both season results reveal that delaying
sowing date to mid of May decreased WUE to
a minimum value compared to other sowing
dates. It could be stated that delaying sowing date
for the almost a month could reduce the guar
fresh yield as a result of highly temperatures
affect on crop growth at develop stage in this
sowing date time, in additional to shortening of
growing season duration if associated with the
appropriate evapotranspiration (Eta) due to higher
temperatures at delayed sowing date, will be
decreased water use efficiency of guar.
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TABLE 8.Water use efficiency (kg fresh yield /m? /fed) of guar (Cyamopsis tetragonoloba L.) as affected by irrigation
regime and sowing date at Giza region in 2015 and 2016 seasons.

Season Summer 2015 Summer 2016
Irrigation Treatment I I, Average I I, Average
S, 12.48 11.87 12.20 11.98 11.53 11.77
S, 11.64 10.32 11.03 11.13 10.19 10.70
S, 8.72 7.87 8.33 8.75 7.60 8.21
S, 6.58 6.77 6.66 6.51 6.57 6.54
Average 9.91 9.30 9.63 9.67 9.06 9.39
S‘, Sz, s 83 and Sf sowing on 1% April, 15" April , 1*May and 15" May. L and L; Irrigation interval every 14 and 21 days, respectively

Potential evapotranspiration ETp

Potential evapotranspiration (ETo) throughout
guar crop (Cyamopsis tetragonoloba L)
growing season duration was estimated from the
climatic data of Giza research station (Table 1)
according to Penman Monteih formula included
in CropWat 8 program. Crop coefficient (Kc)
under experimental condition were calculated as
follows:

Kc= Eta/ETo

Generally, results shown in Table 9 indicated
that there were small differences between
calculated ETo for the two seasons. This may be
due to the variation in the weather conditions.
In first season estimated ETc values were 776.7,
742.5,839.6 and 833.1 mm for S, S,,S,, S,
respectively. However, the highest values for
crop coefficient (Kc) for April May , June, July
and August were 0.33, 0.49, .67, 1.02, 0.51 and

0.23 respectively , were obtained for early sowing
date (1** April ) which the lowest values being
0.31,0.47,0.73,0.55 and 0.27 results from delayed
sowing date(15" May). Results in Table 9 also,
indicate that Kc values started small according
to the small plants cover in the early stage, then
increased to reach their maximum values in mid
season as a result of a complete crop canopy with
highest value of ETo, and then tended to decline
again until the crop maturity. These results are true
for all sowing date treatments. In this concaern,
Doorenbos et al. (1986) reported that for most crops
Kc values increase from a low value at time of crop
emergence to maximum value during the period
when it reaches full development and decline as
the crop matures. Recently, Abbas et al. (2008)
reported that Kc values varied with growth stages
for guar plant growth at Wad Medani-Sudan with
values were 0.44, 1.03 and 0.63 for K¢ in K¢ mid
and Kc end, respectively.

TABLE 9. op coefficient (Kc) and ETo (mm/month) estimated by some ET formulas for Guoar crop at Giza region

in 2015 and 2016 seasons.

s1 s2 S3 S4
Kc Eto Eta Ke Eto Eta Kc Eto Eta Kc Eto Eta

April 031 1524 473 022 762 167

May 049 1987 968 048 1987 951 021 1987 421 031 962 303
June 102 1935 1982 1.00 193.5 1943 056 1935 107.5 047 1935 916
July 051 211.1 1069 055 211.1 1154 083 2111 1752 073 2111 1543
August 023 18 42 023 1084 245 053 217 1153 055 217 1186
September 030 192 57 027 1154 308
Etecas onal (58 7737 4534 054 7879 446 052 8395 4458 049 8332 4256

ETO= Potential evapotranspiration, Eta= actual crop evapotranspiration, Kc: =Crop coefficient
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Conclusion

Achieving higher water utilization efficiency
became the most important challenge for scientists
in the agriculture, particularly in arid and semi arid
areas. Mitigation such problem could be achieved
by irrigation intervals. Furthermore, determined
the optimum sowing date to give the highest yield
under the variation among the weather conditions
to improve growth and yield of Guar forage crop.
Our results showed that sowing at 1% April in
combination with irrigation every 15 days improved
growth characteristics and final yield at Giza region.
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