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ABSTRACT

Two field experiments were conducted during
the two successive seasons of 2011/2012 at the
Experimental Farm, Kaha station, Qulubia Gover-
norate to study the effect of using four levels of
water regime ,i.e. 60%, 80%, 100 and 120% from
class A pan evaporation and five safety materials,
i.e. water (as control),amino-z, lithovit (a natural
intensified CO2 foliar fertilizer ) as foliar spray on
snap bean plants as well as the biofertilize mycor-
rhizal as a seed treatment before sowing and sap
material as a absorbent polymer to increase with
holding water capacity before sowing and the ef-
fect of that on growth, green snap bean yield Pou-
lista cv ., physical and chemical characters as well
as water use efficiency. The results indicated that,
mycorrhizal seed treatment, lithovit foliar spray and
soil treatment with sap material gave the highest
values of green pod characters as well as the veg-
etative growth, in addition all the safety material
used led to significant increment on pod yield and
the favorable treatments were obtained by using
sap material and foliar spray with amino -z. Con-
cerning to using safety materials with water regime
levels, it was found that, spraying snap bean plants
with amino- z and irrigation with 120% levels from
class A pan evaporation was the superior treat-
ment on green pod yield followed by soil treatment
with sap material with 60% of water level. Regard-
ing to the mean of green pod weight, the results
showed that treating seed with mycorrhizal and
120% level of water regime gave the highest val-
ues during the two seasons, then the treatment of
foliar spray with lithovite with 80% level of water
regime and the treatment by sap soil treatments
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with supplied by 60% of water irrigation. Concern-
ing to water use efficiency, the data showed that
supplied the plants with the highest amount of wa-
ter 120% and 100% from water irrigation de-
creased the values of water use efficiency, on the
contrary , it can obtained the highest values of wa-
ter use efficiency from water supplied with 60%
then 80% calculated by class A pan evaporation
method. Regarding to the effect of safety material
on water use efficiency, it was found that, sap
treatment or foliar spray with amino-z then, mycor-
rhizal treatments gave the highest value of water
use efficiency. Generally, it can recommend by
using sap material of soil addition before sowing
and foliar spray by amino- z followed by treating
the seeds with mycorrhizal with irrigation level 60%
or 80% to obtained the favorable green pod yield
and the favorable water use efficiency.

INTRODUCTION

Bean is considered one of the economic im-
portant vegetable crops in Egypt. It does not con-
sume large amounts of fertilizer, plus it is consider
short season crop, where as it produce green pod
yield through short period after two months from
sowing, as well as, it is one of the crops that cause
soil fertility or neither consumes nor depletes soll
nutrients. It's also one of the few vegetable crops
that can be grown with particularly described it for
either local consumption or exportation, moreover,
the green pods or dry snap bean seeds contain
cheap source from protein and carbohydrate.

There is a critical need to balance water avail-
ability, water requirements and water consumption
thus water conserving is becoming a decisive con-
sideration for agriculture, where water is the main
limiting factor for plant growth. Moreover, plants
are prodigal in the water use because only roughly
5% of water uptake is used for its growth and de-
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velopment while the remaining 95% is lost through
transpiration and leaching (Prakash and Rama-
chandran, 2000). Evapotranspiration data for agri-
cultural crops has become increasingly important
in irrigation management as well as in water re-
sources management. It is dependent not only on
the meteorological elements, but also on factors
related to the crop and to the soil availability and
soil environment. Many authors have established
general relationships between evapotranspiration
and biomass production. However, Onder et al
(2006). They added also that pod weight, length of
plant significantly increased with increasing
amount of water. In the experiment, pod width,
length of pod increased with increasing amount of
water. But such increases in these parameters
were not significant, statistically. Moreover, they
found also that increasing the amount of irrigation
water resulted in a significant reduction in number
of leaf per the plants. El-Gendy et al (2007) eluci-
dated that the maximum yield of snap bean was
obtained with the first treatment (100% ETc)
whenever the lower yield resulted from the third
treatment (50% ETc).Moreover, The irrigation at
l10o level gave the highest green bean yield. Un-
irrigated treatment (lo) gave the lowest values for
yield and yield parameters. Similar relationships
between irrigation amount and bean vyield were
also reported by Ozekici (2001) reported no signif-
icant differences in yield quality between water
amounts. Sezgin et al (2002) Mozumder et al
(2005) and Sezen et al (2005) ,they illustrated that
irrigation frequency and amount of applied water
significantly affected some vyield qualities. Mo-
zumder et al (2005) reported that increase of irri-
gation amount increased plant height and pod
yield. As observed by Castrillo et al (1990) and
Karas (1997) on snap bean, protein content may
show significant decrease under deficit, followed
by an increase with addition of water. Moreover,
Mahmoud (2000), Saleh and El-Tantawy (2001)
on snap bean and Buan (2002) on pea and cow-
pea plants, found that values of water use efficien-
cy were affected by two components; marketable
yield and water applied .They added that maximum
ETa values were detected at flowering stage and
WUE increased remarkably as the water consump-
tive use increased.

Regarding to sap materials which contain poly-
acrylamide polymers, being the most popular pol-
ymeric conditioners, the anionic polyacrylamide
polymers (PAMs) are water-soluble, have high
molecular weight and low toxicity, with their mod-
erate negative-charged chains stabilize soil aggre-

gates by locculating clay particles (Sojka et al.
2007) modified crop soil management with PAM
has shown great promise for soil erosion and water
conservation (Walker et al. 2010). The application
of PAMs could have positive effects on plant
growth. The PAM application generally improves
physical soil parameters such as hydraulic proper-
ties, infiltration rate, aeration, root penetration, and
aggregate stability, thereby boosts plant estab-
lishment and growth rate (Flanagan et al. 2003).
PAMs can also preserve plant-available water in
soils so as to maintain sufficient soil moisture
(Nadler and Steinberger 1993), thus increase
water use efficiency and reduce water stress dur-
ing drought events. Positive effects of PAMs on
crop yields and growth activities can be found in
Bjorneberg et al. (2003), Abu-Zreig et al. (2007)
and Lentz and Sojka (2009). The effects of PAMs
on plant growth may occur at two timescales. The
shorter timescale includes the instantaneous pro-
cesses of CO2 assimilation and respiration (Werth
and Kuzyakov 2008). While the longer scale in-
cludes the accumulation of above and below-
ground biomass during the entire growth period,
and actually represents the cumulative effects of
the shorter process-related timescale.

Lithovit, a natural intensified CO2 foliar fertilizer
for indoor/outdoor use, is a top-quality natural
technological product created by tribodynamic ac-
tivation and micronization to levels of 10-20 mi-
crons. Lithovit can considerably increase the pho-
tosynthesis rate, since one of the essential factors
limiting photosynthesis outdoors is the lower natu-
ral CO2 content of the air. This leads to yield in-
creases (up to 50% and more), accompanied by a
reduced water requirement (by up to 75%), and
since with Lithovit, plants are able to keep the sto-
mata closed longer time in case of water stress
(balancing of nutrients). In addition, the micro-
nutrients also contained in the product and the
trace elements that influence plant physiology and
increase the resistance against unfavorable
weather condition and diseases, growth, vitality
and general quality of the crop.

Regarding to amino zeid contain 85% amino
acids, it is known that, amino acids as organic ni-
trogenous compounds stimulated cell growth act-
ing as buffers maintaining favorable pH value with-
in the plant cell as well as synthesizing other or-
ganic compounds, such as protein, amines, pu-
rines,pyrimidines, alkaloids, vitamins, enzymes,
terpenoids and others (Goss, 1973).

Most plant species exploit the soil with the help
of beneficial microorganisms called mycorrhizal
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fungi it can significantly increase water uptake by
their host plants, and can provide a measurable
degree of drought stress for plants grown under
droughty conditions where irrigation is not availa-
ble. Fields under reduction in water without irriga-
tion can produce normal crop yields by applying
mycorrhizal fungi inoculants. Moreover, it has been
demonstrated that AM symbiosis affects the water
relations of many plants. The AM symbiosis often
results in the change of water movement into,
through, and out of the host plants, with conse-
guent effects on tissue hydration and plant physi-
ology. The contribution of mycorrhizal symbiosis to
drought tolerance is due to a combination of physi-
cal, nutritional, physiological, and cellular effects
(Aroca et al 2008 and Miransari, 2010). Moreo-
ver, it can increase plant nutrient uptake, growth
and vyield quality (Cameron, 2010). Mycorrhiza
offers several benefits to the host plant, including
faster growth, improved nutrition and improved soil
structure. Arbuscular mycorrhiza (AM) acts as a
major conduit in principal elemental cycles (Fitter
et al 2011). Mycorrhiza may especially enhance
plant uptake of phosphors (P), nitrogen (N) and
micro nutrients (Marschner and Dell, 1994).

However, this work was raised to elucidate the
response of snap bean plants to some safety ma-
terials under different water regimes as well as the
relationship between us on consumptive use
(WCU), water use efficiency and its reflects on
snap bean growth, pod yield and its quality.

2. MATERIALS AND METHODS

The present work was carried out during two
successive seasons of 2011 and 2012 at the Ex-
perimental Farm, Kaha Station, Qalubia Gover-
norate. Soil was clay in texture with 7.2 ph, 3.5 EC
1.15% organic matters, 110 ppm N, 49 ppm P and
103 ppm K. Seeds of snap bean cv. Poulista were
obtained from Horticultural Research Institute, Ag-
riculture Research Center, Egypt and sown on
September 23 and 22" in 2011 and 2012, re-
spectively. A split plot design system with three
replicates was adopted. The seeds of snap bean
were sown in hills on one side of ridges at 25 cm
spaces. The area of each experimental plot was
2.4m? (4m long with 0.6m width).

The experiment include twenty treatments, i.e.,
the combination among 4 irrigation levels, namely
60%, 80%, 100% and 120% from historical class A
pan evaporation data (2010/2011 and 2011/2012)
for Qalubia region, expressed as mm/ day were
distributed at random in main plots, five safety ma-

terials as shown in Table (1), (water, Amino-z,
Lithovit, Mycorrhizal and Sap) occupied the sub
plots. Compounds (water, Amino-z and Lithovit)
were used as foliar nutrition. Plants were sprayed
three times with aqueous solution of the used ma-
terials, the first spray was conducted at the three
true leaves stage, whereas the second and third
spray were preformed 12 days intervals. Sap mate-
rial was mixed with soil before sowing during soll
preparation at 15 cm depth a rate of 8 kg / fed.
While, the used of mycorrhizal was added a rate of
2 kg per fedan as a suspension and the seeds
were treated with it before sowing:

Table 1. Names and contains of the materials
used in this study

Compounds Composition Concentration
name
Control Distilled water -
Amino -Z 85%free amino 0.5 g/ liter as
acids+10%organic foliar spray
N+2.5% K,O
Lithovit 80.2% Ca Cos, 19/ liter as
4.6 % Mg Cos, foliar spray
0.2% K0, 0.75%
Fe
Mycorrhizal Beneficial 2kg/ seedsl/fed
microorganisms mixed with
called wilting seeds
Arbuscular before sowing
mycorrhizal fungi.
Sap Polyacrylamide 8 kg/ fed mixed
with the soil of
ridges side of
sowing

Water management measurements

Water management measurements were ob-
tained and calculated according to the following
equations according to Doorenbos and Pruitt
(2977).
(1) ETo = Kp x Epan mm/day
Where:
ETo = Potential evapotranspiration
Kp = Pan Coefficient = 0.85
Epan = Pan evaporation in mm/day
(2) ETc=ETo x Kc mm/day
Where:
ETo= the rate of evapotranspiration from an exces-
sive surface of  green cover of uniform height (8
to 15 cm) actively growing, completely shading the
ground and did not face shortage in water.

Kc = crop coefficient
ETcrop = the water requirement of a given crop in
mm per unit of time e.g. mm/day, mm/month or
mm/season.
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Table 2. Crop evapotranspiration (ETc) mm of snap bean plant at different levels of irrigation
levels during 2011 and 2012 seasons

Crop evapotranspiration mm
Growth stages Days FAO Irrigation levels
Kc 60% 80 % 100 % 120 %
First season
Initial 20 (19-39) 0.5 8.60 11.47 14.34 17.20
Crop development 30 (39-69) 0.8 21.95 29.27 36.59 43.90
Mid-season 30 (69-99) 1.1 28.77 38.37 47.96 57.55
Late season 10 (99-109) 0.9 9.29 12.39 15.48 18.58
Seasonal 90 0.8 68.61 91.5 114.37 137.23
Second season
Initial 20 (19-39) 0.5 10.51 14.02 17.53 21.03
Crop development 30 (39-69) 0.8 20.34 29.98 37.48 44.98
Mid-season 30 (69-99) 11 28.39 37.86 47.33 56.79
Late season 10 (99-109) 0.9 9.29 12.39 15.48 18.58
Seasonal 90 0.8 68.53 94.25 117.82 141.38
Water Use Efficiency (WUE)
Water use efficiency was calculated for differ-  WUE = Total vield (kg/plant)

ent treatments using the following equation (Mon-

teith, 1986)

Total water consumption (m3/plant)

Table 3. The monthly average class A pan evaporation (mm) and temperature ("C) dur-

ing 2011/2012 and 2012/2013 seasons

2011/2012 2012/2013

Months Clasrirél pan Temperature Clasrir?n pan I Temperature
Max. Min Max. Min.

September 4.1 31.7 16.3 4 36.7 14.7
October 2.7 38.1 10.8 3.3 33.9 13.1
November 21 25.0 5.8 1.9 29.9 6.9
December 15 21.8 2.5 15 27.3 3.8
January 1.8 21.9 1.5 1.8 24.8 1.7

Data Recorded
2.I- Plant Growth Measurements

A representative sample of 3 plants was taken
by random 55 days after sowing (flowering stage),
from each experimental sub plot for measuring the
plant growth characters, as follows:

Plant length (cm), number of leaves, total fresh
weight and dry weight of plant, determined at 65°C
for 72 hours using the standard methods as illus-
trated by A.O.A.C (1990).

The leaf area was calculated according to the
following formula of Wallace and Munger (1965):

Leaf area (cm?) = Leaves dry weight (gm) x disk area

Disk dry weight (gm)
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II- Yield and Yield components

A random sample of 10 green pods at the sec-
ond picking 75 days after sowing from each sub
plot were taken to determine the following data:

Average pod length (cm), Pod diameter (cm),
Average fresh pod weight (g) - Average dry pod
weight (g) and Total pod yield ton/fed.

Ill- Chemical properties

Total leaf chlorophyll was measured using Mi-
nolta chlorophyll Meter SPAD- 501 as SPAD units.
Total nitrogen, phosphorus and potassium were
determined in dry pods on the basis of dry weight
according to the methods described by Bremner
and Mulvaney (1982); Olsen and Sommers
(1982) and Jackson (1967), respectively.

Total protein %: It was determined as nitrogen
of pod content and converted to its equivalent pro-
tein content by multiplying N content* 6.25
(A.0.A.C.1990).

Total sugars. It was determined on the basis of
pod dry matter, calorimetrically using spectropho-
tometer with the phenol sulphuric acid method de-
scribed by Dubois et al (1956).

Statistical Analysis: All data were subjected to
statistical analysis according to the procedures
reported by Snedecor and Cochran (1982) using
M. stat program and means were compared by
L.S.D multiple range tests at the 5 % level of prob-
ability in the two seasons of experimentation.

3. RESULTS AND DISCUTION

3.1- Effect of water regime, safety materials on
vegetative growth

I.1 Effect of water regime levels

The vegetative growth parameters of snap
bean plants, i.e., plant length, number of
leaves/plant, leaf area as well as the fresh and dry
weight of plant as affected by irrigation levels and
some safety materials are shown in Table (4). The
data reveal that irrigation regime did not exert sig-
nificant effect on plant length in both growing sea-
son in spite of the 100% and 120% irrigation
showed obvious increment in plant length and
number of leaves compared to 60% or 80%.
Meanwhile, the differences between treatments
reached to the level of significance in the first sea-
son for number of leaves. The abundance of water
under 100% and 120 of class A pan encouraged
the meristematic activity and hence the length of
plants. The greatest number of leaves was found

on the tallest plants where the abundance of water
under 100% and 120% of class A pan promoted
the meristematic activity then led to increasing the
length of plant and hence, number of leaves.

Leaf area, plant fresh as well as dry weights of
120% treatment were the highest value compared
to the other treatments in both seasons. The high-
est value of plant length, the greatest number of
leaves per plant and the highest values of leaf area
due to 120% class A pan might enable to plants
intercept and synthesize more metabolites than
plants supplied by 100%, 80% or 60% treatments
which might be reflected on the fresh and dry
weight of the plants. These results are in the same
line with those obtained by Buan (2002) on faba-
ceae crops, Sezgin et al (2002) Mozumder et al
(2005), Sezen et al (2005) and Onder et al (2006)
on snap bean.

I.2 Effect of safety materials

As shown in Table (4), snap bean plants grown
from seeds treated with mycorrhizal, sprayed with
lithovit and grown in the soil treated with sap mate-
rials gave the highest values of vegetative growth
parameters, i.e., plant length, number of leaves/
plant, leaf area as well as the fresh and dry weight
of plant. This was true in both growing season.
These results may be due to Mycorrhiza offers
several benefits to the host plant, including faster
growth, improved nutrition and acts as a major
conduit in principal elemental cycles (Fitter et al
2011). It can increase plant nutrient uptake espe-
cially P and N (Marschner and Dell 1994).

Concerning to lithovit, it is a natural intensified
CO: foliar fertilizer can considerably increase the
photosynthesis rate. In addition, the micro-
nutrients also contained in the product and the
trace elements that influence plant physiology and
increase growth.

The application of sap material which contain
the anionic polyacrylamide polymers (PAMS).
PAMs could have positive effects on plant growth
Flanagan et al 2003) Bjorneberg et al (2003),
Abu-Zreig et al (2007) and Lentz and Sojka
(2009). The effects of PAMs on plant growth may
occur at two timescales. The shorter timescale
includes the instantaneous processes of CO:2 as-
similation and respiration (Werth and Kuzyakov
2008). While the longer scale includes the accu-
mulation of above and below-ground biomass dur-
ing the entire growth period, and actually repre-
sents the cumulative effects of the shorter process-
related timescale.
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1.3 Effect of the interaction between water
regime levels and safety materials on
vegetative growth

The results of the interaction effect between irri-
gation levels and safety materials on vegetative
growth, i.e., plant length, number of leaves, leaf
area and fresh as well as dry weight of snap bean
plant are shown in Table (4). It is obvious that
plants treated with mycorrhizal and supplied by
120% of irrigation water gave the highest values of
all vegetative growth parameters except plant
length and leaf area, data revealed also that sap
material and supplied snap bean plants by 120%
of irrigation water gave the highest values of all
vegetative growth.

II- Effect of water regime levels, safety materi-
als on yield and yield components

II.1 Effect of water regime levels

Data in Table (5) show that, there is no signifi-
cant effect from using all irrigation treatments on
pod length or pod diameter in both growing sea-
sons and fresh pod weight in the second season
while in the first seasons the highest values of
fresh pod weight were obtained from using 60%
and 80% followed by 120% of the calculated
amount of water treatments. On the other hand,
plants irrigated with 120% treatment gave the
highest pod yield in both growing seasons. These
results are agreement with the results of Ozekici
(2001) and Onder et al (2006) on green bean
which they reported that no significant differences
in yield quality due to water amounts. Similar rela-
tionships between irrigation amount and bean yield
were also reported by Sezgin et al (2002) Mo-
zumder et al (2005) and Sezen et al (2005).

II.2 Effect of safety materials

Yield and yield attributes of snap bean showed
significant results by using different safety materi-
als as shown in Table (5). The data showed that
the plants treated with mycorrhizal, lithovit followed
by sap materials exerted the highest values of pod
length and fresh pod weight in both growing sea-
sons but the differences did not reach to signifi-
cance level in the second season for pod diameter.
On the contrary, Mycorrhiza offers several benefits
to the host plant, including faster growth, improved
nutrition and improved soil structure. Arbuscular
mycorrhiza (AM) acts as a major conduit in princi-
pal elemental cycles (Fitter et al 2011). It can in-
crease plant nutrient uptake and yield quality as

mentioned by (Cameron 2010).concerning to
lithovit, the micro-nutrients contained in the product
and the trace elements that influence plant physi-
ology and increase the resistance against the dif-
ferent stresses, growth, vitality and general quality
of the crop. Moreover, pod yield was significantly
increased by all safety materials treatments. In this
respect, using sap material and spraying plants
with amino-z were the best effective treatments on
snap bean yield in both growing seasons. This
increase is due to positive effects of PAMs and
amino acids on crop yields and growth activities
which can be found in Bjorneberg et al. (2003),
Abu-Zreig et al. (2007) and Lentz and Sojka
(2009).

I1.3 Effect of the interaction between water
regime levels and safety materials on
yield and yield components

The response of snap bean yield and yield at-
tributes to the interaction effect among irrigation
water quantity and safety materials are shown in
Table (5). The results revealed that the highest
values of pod length was obtained from plants
sprayed with lithovit compound and supplied by
80% of water irrigation in the second season but
the increase failed to reach the significant in the
first season . Moreover, pod yield increased signifi-
cantly in the first season. In this respect, using sap
material and spraying plants with amino-z and
supplied by 120% of water irrigation followed by
using sap material with 60% of water irrigation
were the best effective treatments on snap bean
yield. Concerning fresh pod weight, data showed
that the plants treated with mycorrhizal and sup-
plied by 120% of water irrigation gave the highest
values in both growing seasons followed by plants
treated with lithovit and supplied by 80% of water
irrigation and sap material with 60% of water irriga-
tion, respectively. While, pod diameter showed
non-significant differences between irrigation water
quantity and safety materials in both growing sea-
son.

Ill- Effect of water regime, safety materials on
chemical properties

Ill.1 Effect of water regime levels

Data in Table (6) show the influence of irrigation
levels on chemical properties of snap bean seeds,
i.e., total sugars, protein percentage, N%, P%, K%
as well as total chlorophyll of leaves. It was found
that the plants supplied with 60% or 80% of water
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calculated by class A pan produced pods contain-
ing the highest values of total sugars% and K%
compared with those supplied by higher a mounts
of water (100% or 120%). These results are in
agreement with those obtained by Adams (1990)
on tomato, who found that restricting water to 60%
and 80% of the water requirement increased po-
tassium concentration in the fresh organs of toma-
to. While, Plants supplied by 120% of the class A
pan records, showed higher concentration of P%
in its pods than those supplied by other treatments.
These results may be due to abundance of water
quantities encouraged the absorption of minerals
and its translocation to leaves. Alam (1999) re-
ported that, Water stress may affect the mineral-
nutrient relations in plants. Generally, drought re-
duces both nutrient uptakes by the roots and
transport from the roots to the shoots, because of
restricted transpiration rates and impaired active
transport and membrane permeability.

Regarding the effect of irrigation water quantity
on leaf chlorophyll contents, data in Table (6) re-
vealed that plants supplied by 120% of water cal-
culated by class A pan showed the lowest concen-
tration of chlorophyll in the leaves than those sup-
plied by less amounts of water (60%, 80% or
100%). The results are true in both growing sea-
sons. The reduction in moisture content in tissues
of plants supplied by less amount of water may
owe much to such observation. It is worth to men-
tion that the leaf area of snap bean plants was
increased as the amount of irrigation water in-
creased (Table, 4) and this might compensate
much for the reduction in the chlorophyll content in
the leaves under the treatments of high irrigation
levels. In this connection Mahamoud (2000) on
pea, Buan (2002) on pea and cowpea and El-
Mogy et al. (2012) on pea, they found that irriga-
tion levels significantly affected on total chlorophyll
contents in plant leaves. Thus, the low level of irri-
gation levels increased the concentration of total
chlorophyll.

I11.2 Effect of safety materials

As shown in Table (6) using mycorrhizal for
shap bean plants as seeds treatment before sow-
ing gave the highest concentration of pod total
sugars in both growing season. Moreover, mycor-
rhizal and sap materials were the best treatments
for P% these results are agreement with the results
showed by(Marschner and Dell 1994) they re-
ported that mycorrhiza may especially enhance
plant uptake of phosphors (P), nitrogen (N) and
micro nutrients. Moreover, it can increase plant

nutrient uptake (Cameron 2010) and acts as a
major conduit in principal elemental cycles (Fitter
et al 2011)

Concerning to the effect of amino z, it was found
that, the plants sprayed with amino-z compound
gave pods contain high concentration of K and
high concentration of chlorophyll in the leaves,
these result may due to chemical structure of ami-
no zeid, which contain 85% amino acids, it is
known that, Amino acids as organic nitrogenous
compounds stimulated cell growth. (Goss, 1973).

I11.3 Effect of the interaction between water
regime levels and safety materials on
chemical properties

Effect of the interaction between irrigation levels
and safety materials on chemical properties, total
sugars, total protein, N, P, K% in snap bean pod
and chlorophyll in the leaves are shown in Table
(6). It is obvious that plants sprayed with amino-z
and supplied by80 % of irrigation water gave the
highest values of chlorophyll in the leaves in the
first season but in the second season the increase
was non significant. While, plant treated with my-
corrhizal and supplied by 60 or 80% of irrigation
water gave the highest values of pod total sugars
% in the first season and second season, respec-
tively. On the other hand irrigation with 120 % and
using sap material showed the highest concentra-
tion of P % this was true in both growing season.
Moreover, spraying amino-z compound and sup-
plied by 60 % of irrigation water gave the highest
values of K % in two seasons.

1.V Water Use Efficiency (WUE)

Water use efficiency of snap bean plants at dif-
ferent levels of irrigation and safety materials is
shown in Table (7). Data revealed that water use
efficiency decreased as the amount of irrigation
water increased to 100% or120% level of pan
method and the highest values were obtained
from 60% treatment followed by 80% of water
calculated by class A pan evaporation method.
This was true in both growing season. The reduc-
tion in WUE by the increasing the amount of irriga-
tion water to the levels of 100% or 120% pan
method might be due to the increasing in snap
bean water consumption use (WCU) as shown in
Table (7).

In this connection, Mahmoud (2000), Saleh and
El-Tantawy (2001) on snap bean and Buan
(2002) on pea and cowpea plants, found that water
use efficiency was decreased at the high level of
irrigation levels.
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Table 7. Water consumption use (WCU) and water use efficiency (WUE) of snap bean plant at different
levels of irrigation levels and safety materials during 2011 and 2012 seasons

First season Second season
Treatments Yield Total WCU | WUE Yield | Total WCU | WUE
Kg/fed m3/fed Kg/m3 | Kg/fed m3/fed Kg/ms3

I. Irrigation (%) from class A pan
60% 3840 274.51 13.98 3640 274.22 13.27
80 % 4100 366.01 11.20 3700 377.05 9.81
100 % 3580 457.53 7.82 3380 471.34 7.17
120 % 4520 549.00 8.23 4700 565.60 8.30
Il. Safety materials
Water 2620 411.76 6.36 2780 422.05 6.58
Amino-Z 4900 411.76 11.90 | 4610 422.05 10.92
Lithovit 3780 411.76 9.18 3340 422.05 7.91
Mycorrhizal 3920 411.76 9.52 3530 422.05 8.36
Sap 4820 411.76 11.70 5020 422.05 11.89

Regarding water use efficiency (WUE) for snap
bean plants treated with the materials used in this
study, data in Table (7) show that plants treated
with sap ,amino-z followed by mycorrhizal eluci-
dated the highest values of WUE in the first sea-
son as well as in the second season . The increas-
ing in WUE by using sap, amino-z or mycorrhizal
might be due to the increasing in total yield of snap
bean plants as shown in Table (4). In this regard,
several investigators reported that values of WUE
were affected by two components, i.e., marketable
yield and water applied (Saleh and El-Tantawy,
2001). Moreover, concerning sap material which
contain PAMs can also preserve plant-available
water in soils so as to maintain sufficient soil mois-
ture (Nadler and Steinberger 1993), thus increase
water use efficiency and reduce water stress dur-
ing drought events.

Generally, it can recommend by using sap ma-
terial of soil addition before sowing and foliar spray
by amino- z followed by treating the seeds with
mycorrhizal with irrigation level 60 % or 80% to
obtained the favorable green pod yield and the
favorable water use efficiency.
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