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ABSTRACT

Quantifying local crop response to irrigation is important for establishing proper irrigation management
approaches.To apply that, a field experiment was carried out to evaluate the effect of three available soil
moisture depletion(ASMD) levels, 25 %, 50 %, and 75% applied using solid set sprinkler irrigation system in
combination with four concentrations (0.00%, 0.05%, 0.1% and 0.2 %)of poly vinyl alcohol soil conditioner.
The combined effect of water regimes and different concentrations of soil conditioner was studied on faba bean
(Vicia faba cv Giza 843), The experiment was carried out in the semiarid climate of northeast Farm of El-
Ismailia Agricultural Research Station, El-Ismailia Governorate Egypt during two successive
seasons(2012/2013 and 2013/2014).Evapotranspiration (ETa), yield productivity of faba bean, water use
efficiency and macronutrients uptake were also evaluated. Results showed that the actual seasonal crop
evapotranspiration (ETa) for ASMD treatments varied between (1605.36 —2482.45m® fed™.) in the first season
(2012/2013) and (1439.26 — 2457.01m® fed™.) in the second season (2013/2014). There are three options to
calculate seasonal ET. for faba bean crop in Ismailia condition. So, it can be use FAO-24RD, PMd or Droogers
and Allen (2002)methods. Moreover,obtained data reveal that application of polyvinyl alcohol(PVA)synthetic
soil conditioners (with high concentration), decreased available soil moisture depletion (ASMD) in sandy soil
and caused a significant increase in faba bean yield, water use efficiency (WUE) and improved the
macronutrient uptake by faba bean yield. Finally, the results clearly showed that the significant effect of PVA at
(0.10r 0.2 %) concentration was most observed at 50% ASMD.
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INTRODUCTION

Irrigation is one of the most important inputs in
agricultural practices for all crops cultivation to increase crop
productivity. Crop water management and crop yield in
different environments are very important concern in
irrigation planning. This is considered important for
irrigation policy makers and for farmers to maximize crop
yield.

Furthermore, faba bean is considered the most
important winter legume crop in Egypt. Seed of faba bean
contain high protein percent (28%) which gave the crop
great importance as a cheap protein source for human
consumption. Also, faba bean crop has an important role in
improving soil characteristics after harvesting. This is mainly
because it increases soil fertility due to nitrogen fixation by
root nodules leaving about 20-25 units of N/fed. This is
usually beneficial for the next cultivated crop. So, water
stress significantly decreases faba bean seed yield (Ahmed et
al.,2000 and Atta et al. , 2002). Al-Naeem (2008) added that
faba bean yield and its components were reduced with
increasing the depletion percent of available soil water.
Ghassemi-Golezani et al. (2009) investigated the effects of
different irrigation regimes on growth and grain yield for
three faba bean cultivars. The results revealed that water
limitation reduced grains per plant, grain filling duration, and
grain weight. Consequently, grain yield per unit area under
limited irrigation was considerably lowered than that under
well-watering. Al-Suhaibani (2009) added that influences of
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drought at the lowest level of applied water which was less
than 4000 m®ha severely retards faba bean seed yield,
whereas water supply at 7000 m3/ha could be conserved for
growing faba bean under arid environment of Saudi Arabia.
Moreover, Mohammad (2014) showed that water stress at
75% available water depletion significantly decreased plant
height and seed yield ha,while it increased seed protein
content of faba bean. El-Harty (2015) showed that drought
had pronounced negative effects on yield and its components
for all faba bean yield characters. El-Harty, (2016) identified
a decrease in Faba bean traits with water deficit except WUE
which was highest under moderate stress.

Later on, EI-Gindy et al. (2003) concluded that faba
bean seed yield increased gradually as water requirements
increased from 50% to 125% of ETc. Rizk and Sherif
(2014) showed that faba bean seasonal consumptive use
increased by decreasing available soil moisture depletion
(ASMD).

On the other hand, soil conditioners such as
superabsorbent polymer (SAP) have a great possibility to
enhance the water use efficiency in crops. Hydrogel is
increasingly being seen as a potential technology for
enhancing the water and nutrient use efficiencies in plants,
creating a pleasant and nourishing rhizospheric micro-
environment for better plant growth and yield. Such
polymeric substances also improve the soil physical
properties, water holding volume, permeability and
permeation; especially in structure-less and drought affected
soils. Poly vinyl alcohol (PVA) has been widely used as
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hydrogel precursor through co-polymerization with other in the management of irrigation to reduce water
polymer compounds, due to its hydrophilic character. PVA  consumption and conservation.

is a synthetic polymer which is soluble in water because of From the previously stated information, the goal of
its hydroxyl groups and can be absorb large volume of  this experiment is to evaluate the effect of irrigation regime
water, thus is a potential water retention material that using different levels of available soil moisture depleted
increases plant growth (Chiellini et al., 2003 and Chandrika ~ (ASMD) in combination with synthetic soil conditioners
et al., 2014). Kukal et al. (2007) observed that very low  (PVA) on faba bean yield, macronutrients total content along
concentration (0.1% PVA) significantly increases the  with water use efficiency under the climatic conditions of
aggregate stability. Hossein Nazarli et al. (2010) suggested  Ismailia Governorate.

that application of polymers could be advantageous against
drought stress and could protect plants in drought stress MATERIALS AND METHODS

conditions. In this way, it has the ability to increase the The present investigation was carried out at the farm
efficiency of water use and to overcome drought events by of Ismailia Agricultural Research Station in Ismailia
reducing water stress. Governorate, Egypt, during the two  winter seasons

Recently, Jiang et al. (2016) and Yin et al. (2016)  (2012/2013) and (2013/2014). The research farm is located
indicated that poly vinyl alcohol (PVA) could effectively  at 30 35, 41.9" N latitude and 32 16 45.8" E longitude. Some
enhance the water retention capacity of sandy soil and the  physical and chemical characteristics of the experimental
plant growth. Abobatta (2018) and Ozen et al., (2019)  soil sites were determined according to Jackson (1973) and
indicated that h|gh molecular Welght PVA can improve soil Klute (1986) the results are presented in Tables (1_2)
characters, can increase nutrient use efficiency, and can help

Table 1. Physical analysis and moisture constants of the investigated soil.

Soil Particle size ®  Buk Retained moisture at - Retained moisture at permanent Available moisture
distribution =1 . field capacity,v v wilting point ,v/v mm/soil depth
depth Coarse  Fine Silt Clay X density o o o
cm sand% sand% % % — g/lcm3 Y% mm/15cm 7z mm/15cm %  mm/15cm
0-15 6842 2586 3.77 195 Sandy 1.66 1221 18.32 2.24 3.36 9.97 14.96
15-30 7385 2186 294 135 Sandy 164 10.92 16.38 1.98 2.98 8.94 13.40
15-30 7545 2101 287 0.67 Sandy 1.66 10.25 15.38 252 3.78 7.73 11.60
45-60 8774 836 35 040 Sandy 167 7.97 11.95 2.61 391 5.36 8.04
Total 48.00
Table 2. Chemical analysis of the investigated soil. The main objective of this study was to determine
Parameters Values Parameters  Values  the effect of irrigation regime and applied polyvinyl alcohol
pH(1.2.5 soil water 812 OM % 023 (PVA) as hydrophilic soil conditioner with different
SUSp)- . . concentrations on faba bean crop yield and nutrients total
ECdSm~ 0.50 CaC0s% 053 content as well as to study some plant water relationships.
Soluble anions in soil paste Soluble cations in soil paste Climatic condition:
extract (meq L?) extract (meq L) C .
Cco? . Ca2 1.20 The meteorological data ,air temperature (C°),
HCOs 1.50 Mg*2 050 relative humidity (%), actual and possible sunshine (hour),
cr 2.01 Na* 2.80 solar and extraterrestrial radiation (MJm? day™) and wind
SO4 120 K 021 speed (m/sec) had been daily recorded (Table 3) at Ismailia
Macronutrients in soil Station , Egypt and their monthly mean values were
Total N % 0.06 Total P % 0.04

Available N (mg Kg™) 216 AvailablePmgkg 285 calculated during the last ten years period .

Table 3. The meteorological data of Ismailia Station during the last ten years period.

Parameters

Month Tmax. Tmin. Tmean RHrmax. RHmin. RHmean W.S N N Rs |\/|-]I’TT2 Ra MJm‘Z

°C °C °C % % % m/sec hour hour day?! day?!
Nov 259 13.6 194 785 36.9 57.7 217 8.80 10.43 14.67 21.83
Dec 22.0 9.8 154 73.30 385 554 2.37 7.30 10.03 11.89 19.37
Jan 20.0 8.1 13.60 785 319 55.20 2.56 7.60 10.23 12.86 20.7
Feb 214 9.3 15.10 70.60 30.8 50.70 291 8.30 10.97 16.02 255
Mar 244 114 17.7 66.5 26.5 46.5 3.23 9.1 11.8 19.83 31.2
Apr 284 14.2 21.0 61.4 21.8 41.6 3.23 10.20 12.73 23.87 36.7
Irrigation system: fed. was 35. The application rate (A) is calculated as

The experiment was irrigated by a solid set triangle  follows:-

sprinkler system. The laterals were spaced 12 m apart. The A=K Qs

sprinklers were spaced 10 meters lateral. Each two laterals - LS

and sprinklers have a control valve to adjust the quantity of ~ Where:

applied water. The rate of water application was 45.5 m® fed~ A= Application rate [mmvhr], Qs = Discharge of sprinkler [L/min],

Yhr (sprinkler discharge 1.3 m?¥/ hr at 2.5 bar ). The quantity L= The distance between lateral [m], S= The distance between
. . sprinklers on lateral [m],

of_ applleq water was exactly controlled with _excellent K= Fraction equal 60

uniform distribution of water. The number of sprinkler per
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Experimental layout:

Faba bean (Vicia faba, cv. Giza 843) was cultivated
at 25/11/2012 and 27/11/2013 for the first and second
seasons, respectively. The seeds were placed in holes 25 cm.
apart on rows 300 cm long and 60 cm between the rows. All
cultural practices were the same as recommended. Mineral
fertilizers, also, were applied at recommend dose;
superphosphate (15 %P,0s) at rate of 200 kg fed and half
does of potassium sulfate (50Kg K»O) were applied before
cultivation. Nitrogen fertilizer as ammonium nitrate (33%)
at rate of 100kg fed and second dose of potassium were
added to soil after 35 day of sowing date. The irrigation
treatments applied at end of initial stage. Also, the different
concentrations (0.0, 0.05, 0.1and 0.2%) of polyvinyl alcohol
(PVA) were applied before cultivation. The harvest dates of
faba bean were 14/4/2013 and 20/4/2014 for first and second
seasons, respectively.

The experiment was carried out in split plot design
with three replicates. The main plot was assigned to
irrigation treatments while the sub plots to polyvinyl alcohol
soil conditioner concentration. Each plot was 3.5m in length
and 3.0 m in width.

The main plots consisted of:

Irrigation treatments: Irrigation practiced included
three treatments, 25%, 50% and 75% of available soil
moisture depletion (ASMD).

The subplots consisted of:

Polyvinyl alcohol soil conditioner included four
concentrations (CO=zero %., C1=0.05 %., C2=0.1 %. and
C3=0.2 %) were applied before the soil tillage.

Water management:

The water management required at the field level
determine by the depth and the interval of irrigation. The
required net application depth per irrigation taken to be a
function of a management allowed deficit (percent), the soil
water-holding capacity (v/v divided by 100), and the crop
root depth (mm). whereas, the interval of irrigation the net
application depth per irrigation and crop evapotranspiration,
ET. .Faba bean evapotranspiration (ETc) calculated by
multiplying the Potential evapotranspiration (ET,) and
adjusted faba bean crop coefficient (Kc) according to the
Penman Monteith daily (PMg) equation (Allen et al., 1998).
The studied characters:

1- Water relations:
Calculation of water consumptive use (Cu) or actual
evapotranspiration (ETa):

Water consumptive use (Cu) was determined
according to the equation given by Israelsen and Hansen
(1962) as follow:
n=4 -
weu "5 “(82-81

i=1 100

XBd XD

Where:

WCU = Water consumptive use [mm],

D = depth of soil layer (15mm each) [mm],

Bd = Soil bulk density [g /cm?],

;= Soil moisture content before irrigation, [w/w],

€, = soil moisture content after irrigation, [w/w].

n =number of soil layer.

Reference evapotranspiration (ETo) : The ETo alculated
using five methods. These are: FAO form of radiation
method (24RD) given by Jensen et al. (1990), modified

Penman- Montieth method (PMd) presented by Allen et al.

(1998), the Droogers and Allen (2002), Valiantzas (2006)
and Tabari et al.(2013)
Crop Coefficient (Kc):

Five different approaches are used to estimation
of kc values for faba bean by from actual
evapotranspiration  (ET.) values and reference
evapotranspiration (ET,) values calculated as follows: -.

Kc=ETa/ETo

Kc: crop coefficient

ETa: crop evapotranspiration (mm day™)

ET,: reference crop evapotranspiration (mm day?)
Water use efficiency:

Water use efficiency (WUE) in kg/m? was calculated
for the deferent treatments, using the following formulae of
Vites (1965):

_ Seed yield in kg / fed
WUE= Actual evapotranspiration in m?fed!
2- Yield and yield chemical compositions:

Faba been yield (straw and seeds) for both first and
second seasons were collected from each plot, samples were
weighed and oven dried at 70°C for 48 h up to a constant dry
weight, ground and prepared for digestion as described by
Page et al. (1982). The digests was then subjected to the
determination of nutrients (N, P and K) according to
Procedures described by (Cottenie et al., 1982).

Total uptake of N/P/K was calculated separately by
the following formula:

Uptake of N/P/K(kg fad™!) =

Soil analysis:

Particle size distribution was conducted using the
pipette method according to Klute (1986). Soil moisture
constants were determined using the pressure membrane
apparatus (Stackman 1966). Soil pH, electric conductivity
(EC) and cationic and anionic compositions of the saturation
extract of the soil were determined according to the standard
methods described by Jackson (1973).

3- Statistical analysis:

All the data collected for the yield, water use
efficiency and chemical composition were subjected to the
statistical analysis according to Snedecor and Cochran
(1980) and the mean values were compared by LSD.

RESULTS AND DISCUSSION

Water relations of faba bean crop:

Faba bean actual evaopotranspiration (ETa) affected by
different water regimes and poly vinyl alcohol
concentrations as soil condition.

Results in Table 4-5 and Figs.l indicated that
increasing available soil moisture depletion from 25% to
50% reduced actual evapotranspiration, (ET.) by 14.75%
and 16.02% during first and second season, respectively. On
the other hand, 50% depletion treatment increased actual
evapotranspiration by 31.82% and 43.35% compared to
75% depletion treatment in the first and second season,
respectively. Results clearly indicated that water
consumption by faba bean plants was higher in first season
than in the second one. Such trend is mainly due to the
differences in climatic conditions and sowing date between
both seasons of study. Similar conclusion was reached by
Mohammad (2014), Moursi et al. (2014) and Jabow et al.
(2015). Appropriate frequency of irrigation can be

N% P%K% x dry matter (kg fad™!)
100
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determined from the available soil moisture retaining
capacity and the rate of faba bean evapotranspiration taking
into consideration that it better replenish the soil moisture
when about 50% of the total available soil water is exhausted
(Allen et al.,1998)

With respect to, the effect of applied different
concentrations (0.2, 0.1, 0.05 and zero %) of polyvinyl
alcohol as soil conditioner on total mean actual faba bean
evapotranspiration (ET,) results illustrated in Table 3&
Table 4 and Figurel. Mean values of total ET, for PVA
concentration 0.2% treatment were 456.67 and 437.82 mm
in first and second seasons, respectively. These values
increased to 480.39 and 465.47 mm, 505.17 and 486.04 mm
as result of applied 0.1 and 0.05 % concentration PVA in

first and second seasons, respectively. Hence, the average
increased in ET. compared to zero concentration PVA
treatment reached 527.18 and 502.39 mm in first and second
season, respectively. These results were in agreement with
those obtained by Jiang et al. (2016), Yin et al. (2016) and
Abobatta (2018) who observed that the density of chain
cross linking creates an expressive amount of free volume
between the polymer network. This in turn, combined to the
presence of huge number of hydrophilic groups, has the
ability of water absorption and retention for large amounts of
water, on the order of 10 to 1000 g/g (1.000-100.000%).
Hydrogel polymers may be used to increase the efficiencies
of water and fertilizers use.

Table 4. faba bean daily, monthly and total actual evapotranspiration (ETa) affected by soil moisture depletion
treatments and poly vinyl alcohol levels in seasons2012/2013.

months Nov.” Dec. Jan.

Feb. Mar. Apr.”

Irr. PVA Daily monthly Daily monthly Daily monthly Daily monthly Daily monthly Daily monthly Total
Treat. level mm mm mMm MM MM MM MM MM MM MM mm mm mm me/f.
02% 274 137 260 8072 370 11470 532 14896 531 16461 135 1890 54159 2274.69
25% 01% 274 137 275 8519 400 12400 566 15848 559 17329 145 2030 57496 2414.82
ASM.D 0.05% 274 137 283 8779 437 13547 597 16716 597 18507 15 2100 61019 2562.80
Zero% 274 137 292 9039 455 14105 6.28 17584 623 19313 167 2338 63749 2677.48
mean 274 137 277 8602 415 12880 581 162.61 577 179.02 149 2090 591.06 2482.45
02% 274 137 262 8132 271 8401 482 13490 439 136.09 126 1764 467.67 1964.23
50% 01% 274 137 267 8286 292 9052 508 14239 463 14365 131 1834 49147 2064.19
ASM.D 0.05% 274 137 277 8593 305 9455 537 15030 4.89 15164 149 20.86 51698 2171.33
Zero% 274 137 289 8951 323 100.13 557 156.13 508 15752 159 2226 539.25 2264.87
mean 274 137 274 8490 298 9230 521 14593 475 14723 141 19.77 503.84 2116.15
02% 274 137 231 7161 236 7316 342 9576 287 89.05 125 175 360.78 1515.28
5% 01% 274 137 237 7365 239 7409 363 10159 302 9367 131 1834 37505 1575.20
ASM.D 005% 274 137 246 7621 247 7657 373 10450 313 97.03 145 203 38832 1630.94
Zero% 274 137 249 7723 253 7843 381 10658 345 10711 155 217 40476 1700.07
mean 274 137 241 7468 243 7556 364 10211 312 96.71 139 1946 38223 1605.36
Mean 02% 274 137 251 7789 292 90613 452 12654 419 12991 129 180 456.67 1918.02
overall of 01% 274 137 260 8057 310 96.1 479 13415 441 13687 136 1899 480.39 2017.63
PVA 0.05% 274 137 268 8331 330 102207 502 14065 4.66 14458 148 20.72 50517 2121.73
Zero% 274 137 276 8571 344 106547 522 14618 492 15259 160 2245 52718 2214.14

*Sowing dates at first was 25/11/2012

** Harvest date was 14/4/2013

Table 5. faba bean daily, monthly and total actual evapotranspiration (ETa) affected by soil moisture depletion
treatments and poly vinyl alcohol levels in seasons2013/2014.

Months November" December January February March April™
Irrtreat. PVA  daily mo;]lthl daily monthly daily monthly daily monthly daily meonthly daily monthly Total
Ievel mm mm mm mm mm mm mm mm mm mm mm mm mm m3/f.’
02% 246 738 228 70587 3.63 11253 499 13965 569 17629 149 2384 53028 2227.19
25% 01% 246 738 242 7502 393 12183 555 155526 6.04 18721 155 2480 57176 240141
ASM.D 005% 246 738 252 78089 426 13206 593 16611 631 19573 160 2560 604.97 2540.89
Zero% 246 738 268 83204 4.62 14322 615 17228 647 20051 1.65 2640 63299 2658.58
mean 246 738 247 7672 411 12741 566 15839 6.13 189.94 157 2516 585.00 2457.01
02% 246 738 222 6869 295 9145 409 11459 504 15624 140 2240 460.74 1935.13
50% 01% 246 738 237 7351 295 9145 437 12243 540 16740 144 2304 48522 2037.92
ASM.D 005% 246 738 249 7727 303 9393 462 12925 558 17298 147 2352 50433 211821
Zero% 246 738 253 7834 313 9703 463 12959 571 17707 158 2528 51470 2161.75
mean 246 738 240 7445 301 9346 443 12397 54 16842 147 2356 49125 2063.25
02% 246 738 202 6278 202 6262 302 8458 272 8444 129 2064 32244 1354.27
5% 01% 246 738 209 6493 217 6727 318 8901 288 8928 135 2160 33947 142578
ASM.D 005% 246 738 213 6600 227 7037 326 9140 296 9183 139 2224 349.27 1466.96
Zero% 246 738 215 6654 241 7471 330 9242 305 9449 150 2400 35954 1510.06
mean 246 738 21 6506 222 6874 319 8935 290 9002 138 2212 342.68 1439.26
Mean 02% 246 738 217 6735 287 8887 403 11294 448 13899 139 2229 43782 1838.86
overall of 01% 246 738 229 7115 302 9352 437 12232 4773 14796 145 2314 46547 195504
PVA 005% 246 738 238 7379 319 9879 460 12892 495 15353 148 23.63 486.04 204202
Zero% 246 738 245 7603 338 10497 4.69 13143 508 15735 158 2523 50239 2110.13
*Sowing dates at second season was 27/11/2013 **Harvest was 16/4/2014
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Fig. 1. Total actual faba bean evapotranspiration (m?fad
1) at different available soil moisture depletion
levels and PVA concentration at the first season
(2012/2013) and the second season (2013/2014)

Experimental crop coefficients (kc)

Monthly experimental crop coefficient values were
obtained for the 50% ASMD treatment from ET, values and
the ET, calculated using five methods. These are: FAO form

of radiation method (24RD) given by Jensen et al. (1990),
modified Penman- Montieth method (PMd) presented by
Allen et al. (1998), the, Droogers and Allen (2002),
Valiantzas (2006) and Tabari et al.(2013) are in (Table, 6).

The results showed that Kc values obtained from the
FAO form of radiation method (24RD) and PMgy were close
to medium water deletion and, it's followed by Droogers and
Allen (2002). Water consumptive use of faba bean at 50%
ASMD was generally higher than those obtained from
Valiantzas (2006) and Tabari et al. (2013). Obtained results
may be due to an empirical equations having been developed
to adequate different climate.The previous discussion we
have three choices to calculated seasonal ET. of faba bean
crop in Ismailia condition. So, we can use FAO -24RD, PMq
or Droogers and Allen (2002) methods.

Faba bean yield response to various available soil
moisture depletion and polyvinyl alcohol concentrations
treatments:

Results presented in (Table 7) showed that faba bean
yield (straw and seeds) were significantly affected by
increasing ASMD from 25% to 75%.The maximum (straw
and seed) yield was obtained at 25% ASMD treatment
followed by 50% ASMD treatment. Consequently, the least
yield was obtained at 75% ASMD treatment. These results
indicate the importance of maintaining soil moisture at the
highest level to maximize (straw and seed) yield. These
results were in agreement with those reported by EI-Gindy et
al. (2003) and Al-Naeem (2008).

Table 6. Estimation of ke values of faba bean as affected by different methods:-

First season (2012/2013)
Equati ETa FAO-(24RD) PMd Droogers and Allen  Valintazs equ. Tabari equ.
quation
monthly monthly K, monthly monthly K monthly monthly

c c Kc Kc
Months mm mm mm mm mm mm
November* 13.7 17.8 0.77 16.85 0.813 14.15 0.97 6.75 203 12.6 1.09
December 84.91 82.15 1.03 84.63 1.00 68.82 123 18.6 4.56 57.35 1.48
January 923 86.18 1.07 92.38 0.999 6851 135 26.35 3.50 58.84 157
February 145.93 106.4 137 107.8 1.353 80.92 1.80 52.92 2.76 68.96 211
March 147.23 161.82 0.91 155.62 0.94 122.76 1.20 101.06 1.45 98.58 1.49
April™ 19.78 96.6 0.20 90.86 0.22 74.62 0.26 66.22 0.30 55.58 0.35
Average Kc 0.89 0.89 1.13 243 1.35

Second season (2013/2014)

November* 7.38 10.68 0.69 10.11 0.73 849 0.87 4.05 1.82 7.56 0.98
December 74.45 8215 091 84.63 0.88 68.82 1.08 18.6 4.00 57.35 130
January 93.47 86.18 1.08 92.38 101 6851 1.36 26.35 3.55 58.84 159
February 123.97 106.4 1.165 107.8 1.15 80.92 153 52.92 2.34 68.96 1.80
March 168.42 161.82 1.04 155.62 1.08 122.76 137 101.06 1.66 98.58 171
April™ 23.56 1104 0.21 103.84 0.23 85.28 0.27 75.68 0.31 63.52 0.37
Average Kc 0.85 0.85 1.08 2.28 1.29

*sowing dates at first and at second season were 25/11/2012 and 27/11/2013, respectively.
**harvest dates at first and at second season were 14/4/2013 and 16/4/2014, respectively.

Also, results in (Table, 7) show that the effect of
various concentrations of polyvinyl alcohol soil conditioner
on vyield production. Faba bean straw and seed yields
increased with increasing PVA level. Results reveal that
significant effects for adding polyvinyl alcohol soil
conditioner (PVA) on faba bean straw yield (ton fed.?) in
both seasons. While, the effect of PVA concentration on faba
bean seed (kg fed.™) was insignificant except when applied at
0.2% concentration, the effect was significant in first season.
The difference between applied 0.1% and 0.2% concentration
of PVA were insignificant, but, it had significant effect with

applied 0.0 % and 0.05 % on faba bean seed kg fed™., in
second season. These results are in agreement with those
obtained by Kukal et al. (2007), Chandrika et al. (2014),
Jiang et al. (2016) and Yin et al. (2016).

The interaction differences among different
concentrations of PVA at various ASMD show a significant
effect on faba bean straw yield in both seasons.

The interaction differences between the levels of
PVA at 25% ASMD were insignificant, except when 0.2%
concentration is used on Faba bean seed yield kg/fad. There
was observed statistically significant difference at irrigation
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level 50% ASMD between 0.2%, concentration and each of
0.1%, 0.05% and zero% concentrations. However, no
significant difference was observed between 0.2% and 0.1%.
Similarly, no significant difference was observed between
0.1%, 0.05% and zero%. At irrigation level 75%, no

statistical significance was observed among all treatments.
The results clearly showed that the best effect was most
observed at 50% ASMD and 0.1% or 0.2% PVA
concentrations.

Table 7. Effect of soil moisture depletion and poly vinyl alcohol soil condition on Faba bean straw and seed yields.

Irrigation PVA Season 2012-2013 Season 2013-2014
rate concentration Straw(ton fed?) Seed(Kg fed?) Straw(ton fed?) Seed(Kg fed?)
C3 2.383 1439.14 2.338 1424.06
25% (67 2.329 1370.22 2.305 1325.71
ASMD C1 2.147 1313.60 2.150 1260.54
Co 2014 1210.58 2.005 1204.57
Mean for irrigation (11) 2.218 1333.38 2.1995 1303.72
C3 1.905 1262.31 1.891 1241.30
50% (67 1418 996.16 1535 990.18
ASMD C1 1.265 804.11 1.300 843.07
Co 1.187 767.27 1.157 735.47
Mean for irrigation (12) 1.444 957.46 1471 952.50
C3 1.230 654.89 1.189 637.99
75% (67 1.085 605.08 1.035 599.83
ASMD C1 1.008 537.06 1.019 520.73
Co 0.981 522.76 0.967 490.40
Mean for irrigation (13) 1.076 579.94 1.052 562.23
Mean for soil conditioners
C3 1.839 1118.78 1.806 1101.12
(67 1.611 990.49 1.625 97191
C1 1473 884.92 1.490 874.78
Co 13%4 833.53 1376 810.15
L.S.D. at 0.5% for
irrigation (A) 0.05 190 0.07 84.2
Soil conditioners (B) 0.05 139 0.04 74.2
A*B 0.09 241 0.08 129

Water use efficiency of faba bean.

Water use efficiency, (WUE) has been used to
evaluate different agronomic practices in relation to water
use. It can be increased by increasing crop production or by
decreasing water consumption. Water use efficiency by faba
bean expressed as kg faba bean seeds per m®water consumed
in complete evapotranspiration in two seasons is presented in
Table 8.

All variables significantly affected on faba bean water
use efficiency in two seasons. The results showed that the
maximum water use efficiency obtained at 50%

ASMD and 25% ASMD treatments in first and
second seasons, respectively. The lowest WUE was obtained
at 75% ASMD and adding zero% polyvinyl alcohol
concentration. The differences between the three (ASMD)
treatments on WUE were significant in both seasons. The
obtained results are in full agreement with those reported by
Ekebafe et al.(2011), Chandrika et al. (2014) and El-Harty
(2016).

Water use efficiency values were significantly
affected by adding the polyvinyl alcohol soil conditioner. The
best response to poly vinyl alcohol condition on WUE was
the application of 0.2% concentration. These results were in
good line with those obtained by Hossein Nazarli et al.
(2010) and Chandrika et al. (2014).

The effects of interaction between the soil moisture
depletion and vinyl alcohol soil condition on water use
efficiency were significant for both seasons.

Effect of various available soil moisture depletion and
polyvinyl alcohol soil conditioner treatments on nutrients
uptake by faba bean crop.

Nitrogen, phosphorus and potassium (NPK) uptake
by faba bean straw and seeds as affected by available soil
moisture depletion and different concentrations of polyvinyl
alcohol treatments were shown in Table 9-10.

Table 8. Water use efficiency (WUE) as affected by the
different treatments

Irrigation PVA Water use efficiency, kg/m®
rate concentration ~ 2012- 2013 2013-2014
C3 0.63 0.64
25% Cc2 0.57 0.55
ASMD Cl 0.51 0.50
Co 0.45 0.45
Mean for irrigation (11) 0.54 0.53
3 0.64 0.64
50% Cc2 0.48 0.49
ASMD Cl 0.37 0.40
Co 0.34 0.34
Mean for irrigation (12) ., 80 0.46
3 0.43 0.47
75% Cc2 0.38 0.42
ASMD Cl 0.33 0.35
Co 0.31 0.32
Mean for irrigation (13) M 0.39
Mean for soil conditioners
C3 0.58 0.60
Cc2 0.49 0.50
C1 0.42 043
Co 0.38 0.38
L.S.D. at 0.5% for
irrigation (A) 0.01 0.023
Soil conditioners (B) 0.031 0.009
A*B 0.05 0.017
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Table 9. Effect of available soil moisture depletion rates

and polyvinyl alcohol concentrations on
nutrients uptake by faba bean in season
2012/2013.
Nutrients uptake Nutrients uptake
Irrigation PVA in straw in seeds
rates concentration  (Kg Fed. 1) (Kg Fed.™)
N P K N P K
C3 34.23 13.09 36.87 25.46 8.65 19.96
25% Cc2 3413 955 3498 2466 8.99 18.25
ASMD Cl 3149 7.16 3449 2453 7.75 1791
C0 28.83 5.87 30.67 22.99 7.18 17.19
Mean 31.98 8.86 34.18 24.42 8.14 18.32
C3 2730 848 29.73 21.45 921 18.68
50% Cc2 20.78 7.08 2260 17.59 6.11 13.72
ASMD C1 18.06 653 20.17 14.52 5.16 10.33
C0 17.08 360 18.70 13.74 491 9.07
Mean 20.92 645 22.89 16.84 6.35 12.96
C3 18.07 7.78 20.88 11.60 4.78 7.82
75% C2 1549 6.38 18.11 1148 457 7.72
ASMD Cl 1452 582 1485 11.36 3.55 6.82
Co 1413 528 1434 950 332 6.26
Mean 1518 6.16 16.63 11.0 4.05 7.16
Mean of soil conditioners
C3 2653 9.78 29.16 19.50 7.55 15.49
C2 2347 767 2523 1791 656 13.23
Cl 2136 6.50 23.17 16.80 5.49 11.69
C0 20.01 492 21.24 1541 5.14 10.84
LSD at 0.5 for
Irrigation (A) 146 093 269 093 233 155
Soil conditioners (B) 123 237 189 116 139 0.76
A*B 213 210 327 200 242 131

Table 10. Effect of available soil moisture depletion rates

and polyvinyl alcohol concentrations on
nutrients uptake by faba bean in season
2013/2014.
Nutrients uptake  Nutrients uptake
Irrigation PVA in straw in seeds
rates concentration  (Kg Fed. %) (Kg Fed. 1)
N P K N P K
C3 3354 12.66 34.79 25.07 8.61 19.72
25% Cc2 3373 944 36.62 23.89 8.70 17.65
ASMD C1 3147 717 3447 2362 7.72 17.22
Co 2869 591 30.61 22.91 6.96 17.15
Mean 3181 8.88 34.17 23.83 8.00 17.97
C3 2711 9.62 29.61 21.10 9.05 18.32
50% Cc2 2255 7.09 2459 1752 6.06 13.71
ASMD Cl 1868 6.28 20.82 14.41 5.42 10.85
Co 16.54 351 18.04 13.92 459 8.72
Mean 21.20 6.60 23.32 16.79 6.25 12.85
C3 1749 7.53 2022 1145 470 7.60
75% C2 1482 6.08 17.38 11.21 440 7.67
ASMD C1 1454 580 1494 10.62 3.34 6.62
C0 13.76 512 1403 9.23 3.23 587
Mean 1524 6.16 16.72 10.66 3.93 6.96
Mean of soil conditioners
C3 26.08 9.1 2810 19.20 7.30 15.17
C2 23.74 751 26.14 17.57 6.48 13.00
Cl 2153 716 2341 1586 524 11.55
Co 19.71 477 20.95 15.72 5.18 10.58
LSD at 0.5 for
Irrigation (A) 142 084 204 092 201 101
Soil conditioners (B) 104 199 178 088 116 0.83
A*B 179 345 308 152 230 144

Results show that, during the two seasons of study,
there were significant effects due to the irrigation regime on

nitrogen, phosphorus and potassium uptake by faba bean in
straw and seed. The highest values recorded by 25%
followed by 50 %( ASMD), while 75 %( ASMD) treatment
achieved the lowest ones in both seasons. Similar results
were reported by Siam et al. (2017)

Also, for PVA concentrations, results revealed that
increasing concentrations increased NPK uptake in faba
bean straw and seed. Furthermore, values of nutrients uptake
were more enhanced with application of 0.1% and 0.2%
concentrations compared to other concentrations. These
results were agreement with those obtained by Youssef et al.
(2014), Siam et al. (2017) and Abobatta (2018).

The interaction differences between 25% ASMD and
levels of PVA were observed statistically significant
between 0.2%, concentration and each of 0.05% and zero%.
Also, similar trend was observed with P uptake in straw faba
bean. However, all variables showed insignificant effect on
P uptake in seed faba bean in both season at 25% ASMD.
There was often observed a statistically significant
difference at irrigation level 50% ASMD between 0.2%,
concentration and other concentrations on NPK faba bean
straw and seed uptake. However, no significant difference
was often observed between 0.05% and zero%. At irrigation
level 75%, no statistical significance was observed among
all treatments. Except at irrigation level 75%, a statistical
significance was observed at 0.2% concentration and other
concentrations of N uptake for faba bean straw, in both
season. The values of nutrients uptake were more enhanced
at 50% A.S.M.D with application of the 0.1% and 0.2% of
concentrations compared to other concentrations.

CONCLUSION

Application of synthetic soil conditioners (polyvinyl
alcohol with high concentration) under decreasing available
soil moisture depletion in sandy soil caused a significant
increase in faba bean yield and, it improved the total content
of macronutrient in faba bean yield. The results clearly
showed that the best effect was most observed at 50%
ASMD and 0.1or 0.2 % PVA concentration.
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