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ABSTRACT

Snap bean (Phaseolusvulgaris L.) plants are sensitive to water and nutrient shortages, especially
duringfloweringand pod settingstages. Hence, The present study aimed to investigate the benefits of citric
acid foliar spray(CA) at 1.5¢/l alone and combinedwith different levels of farmyard manure (FYM); control
(100% mineral fertilizers)and 25%, 50% 75%and 100% of the recommended rate of F'YM on snap bean cv.
Bronco grown in sandy soil conditions. The study was conducted in Qalabshu, Dakahlia Govemorate, Egypt
duringtwo seasons of 2015 and 2016 in a comp leterandomized block design (CRBD). The results showed
that CA +50%FYM treatment increases almost studied parameters either vegetative growth or pod yield
over the control and other treatments. Although the treatment of CA + 100% FYM gave the highest values of
pod qualitiesi.e., chlorophyll content (2.13 and 2.27), protein% (15.8 and 17.1) and TSS% (7.9 and 8.6) in
both season, respectively, it had the lowest values of fresh pod yield (around 17.5% relative to control).
Overall, the results indicated that organic fertilizationis very important procedure in enhancing water and
minerals status of new reclaimedsoils. Moreover, citric acid asan antioxidant is effective in minimizing the
negative impacts of water and mineral shortages of sandy soils. Accordingly, it can be recommended to
fertilize snap beanplant grownin sandy soil by 50% FYM + 50% mineral fertilizers and spraying the plants
by citric acid (1.5¢/L) to obtain the highest fresh pod yield with best quality.
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INTRODUCTION

Snap bean (PhaseolusvulgarisL.) as oneof pulses is
an excellent source of cheap protein, minerals e.g., calcium,
iron and zinc and folates for man consumption in developing
country (Broughton et al., 2003 and Hefni et. al., 2010), in
addition to its importance in exportation. Bronco cv. is
consideredas one ofthe promising cultivars for producing
fine pods forexportation because it matches the consumer
demandsin EU market. Inaddition, the legume plants e.g.,
bean plant fixatmospheric N2 into NH4* in the soil which
maintain soil fertility (Peter and Stephen, 2013). According
to the statistic of Egyptian Agriculture Ministry during season
0f2017, the area devoted for snap beanwas 27,255 hectares
producedabout 283,520 ton. Thereare many factors affecting
snap bean productivity such as environmental stresses. Poor
soil suchas sandy soil that lacks water and minerals is one of
the most importantenvironmental stresses, since more than
90% of Egyptian soils are classified as sandy soil.

Finding relatively safetools to overcome the adverse
effects of droughtand mineral deficiency stresses orimprove
droughttolerance of sensitive plants could be of great value,
particularly underarid and semi-arid regions where lack of
water becomes a limiting factor for growth and productivity
of plants. Ertek (2014) pointed that controlled fertilization to
increase plant yield is of vital importance. Large scale
conversiontoorganic fertilization has been debated for its
effectiveness in meeting production goals. Organic manures
improve soil fertility by stimulating soil microbial biomass
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(Ayuso et. al., 1996), supply provenances of whole
indispensable macro- and micro nutrients in ready-made
various forms andincreasing holding water capacity due to
enhanced soil aggregation (Pagliaiet. al., 2004; Liang et al.,
2011 and Fouda et. al., 2017) which finally enhance the
chemical, physical and biological properties of the soil.
Evidently, farmyard manure (FYM) has been used as a
common organic fertilizer for improving soil physical and
chemical properties. Farmyard manure added to the soil
increases its organic matter, which in turn increases the
proportion of chelating of mineralse.g.,Mn, Zn and Cu in the
soilto 50 %, 88 % and 98 %, respectively (Mc-Crath et. al.,
1988). Plant dry weight, Nand K contentsin roots, P content
in shoots, number of fruits per plant, average fruit weight,
yield perplantandtotal yield per feddan of many vegetables
plants were increased when plants were fertilized by
farmyard manure under sandy soil conditions (Mostovoi,
1986 on pea; EI-Mansiet. al., 1999 on garlic and Nour, 2004
on pea) and evenunder droughtstress condition (EI-Tohamy
et. al., 2013 on bean). Evidently, combined application of
mineraland organic fertilizer had a higher positive effect on
microbial biomass and hence soil health, absorption of N, P
and Kby plants which maintainthe soil and sustaining the
productivity of beancrop (Husseinet. al., 2016 and Fouda et.
al., 2017).

Moreover, foliar application of ameliorative and anti-
stress substances such as citric acid is a method that may
decrease the oxidative effects resulted from water and
nutrientsdeficiencies in sandy soil. EI-Tohamy et. al., (2013)
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found thatusing citric acid as foliar sprayingat 1.5g/1 during
orbefore an expected drought period to improve drought
tolerance of bean plants. Furthermore, the importance of
exogenous application of citricacid in increasing its internal
accumulationand improving fruits quality is evident under
mild water stress(Kanget al., 2009 and Iwasaki et al., 2011)
and salinity stress (Sun and Hong, 2011)

Considering the abovefacts, the present study was
undertaken for further understanding the response of snap
bean, in terms of vegetative growth and yield as well as
chemicaland physical qualities to citric acid as foliar spray
alone and in combination with different levels of organic
manure under sandy soil conditions and the role of that on
enhancing fruit yield and its quality as well as increasing
tolerance to the environmental stresses.

MATERIALS AND METHODS

Two field experiments were carried out in a private
vegetable farm at Qalabshu, Bilgas district, Dakahlia
Governorate, Egypt (36 Km apart of Mansoura) during
seasons of 2015 and 2016 to study the effect of different
levels of organic manureand foliar application by citric acid
on snap bean (Phaseolus vulgaris L.) plants cv. Bronco
towards improving quality and productivity under poor sandy
soil as shown in Table ().

Table 1. Soil characterization of the experimental site
CaCO: OM Avallable nutrients in soil

SeasonTexture ~ . pH (Ppm)

& /o N P K
2015 Sandy 7.55 8.1 0.66 16 28 130
2016 Sandy 7.52 7.9 0.71 18 25 122

Fertilization rates using inthis experiments:

Mineral fertilizers i.e., ammonium sulphate
(20.6%N), calcium super phosphate (16% P2Os) and
potassium sulphate (48% K:O) were applied at rates of
(70-80-50, NPK). P-fertilizer was added in one doseduring
soil preparation. N and K fertilizers were divided into two
equal doses;the first part was added during soil preparation
and the second was before the first irrigation. However,
farmyard manure (FYM) was used in organic fertilization
and the chemical composition of it was presented in Table
(2). Four different levels of farmyard manure, i.e., without
FYM, 25%, 50%, 75% and 100% of the recommended
dose(35ton / feddan) ,determined based on N% in FYM,
were amended after land preparation in ditches (20 cm
width) and then covered by sand.

Table 2. Chemical properties of farmyard manure used
in the experiment during 2015 and 2016
seasons.

P K C C:N pH F.C. OM

% % % % ratio (1:25) % %

0.50 0.251.1512.54 20.6:1 7.8 16.97 22.01

Properties
FYM

Every plot consisted 5dripper lines 0.7min width and
3min length. In the first week of September, seeds were
sown in hills 10 cm apart and 5¢cm deep on one side of
dripper lines and two seeds per hill. The plot area was
10.5m?. Agricultural practices other than the experimental
treatments were carried outas recommended by the Ministry
of Agriculture in Egypt.

Foliar spray treatment of citric acid:
Atthe 4 leafstage; plants were sprayed with citric

acid (1.59/l) and every two weeks (three times), while

control treatment received only tap water. The

experimental design was randomized complete block with

three replicates.

The experiment included 6 treatments as follows:

1.100% mineral fertilizers + tap water foliar spraying
(control).

2.100% mineral fertilizers + citric acid foliar spraying
(1.5g/L).

3.75%mineral fertilizers + 25%FYM (8.75ton/fed) + citric
acid foliar spraying.

4.50% mineral fertilizers + 50%FYM (17.5ton/fed) + citric
acid foliar spraying.

5.25%mineral fertilizers + 75%FYM (26.5ton/fed) + citric
acid foliar spraying.

6.100%FYM (35ton/fed) + citric acid foliar spraying.

Measurements and data recorded:

1- Vegetative growth characters:

At 55 days after sowing and at the beginning of
pods setting, 3plants were randomly chosen fromeach plot
to determine the vegetative growth characters, i.e., plant
height, number ofbranchesand leaves/plant, leaf area/plant
and fresh weight/plant. Dry weight% was also calculated
according to the following formula:

Dry weight%o=[Dry weight of plant (g) / fresh weight of plant (g)] x 100
2- Flower set% and fresh pod yield and its
attributes:

At flowering time, fruit set% was calculated as
follows:

Fruit set% = (Number of setting fruits / total number of
flowers) x 100

Pickings were carried out twice a week to harvest
green pods that reached its marketing stage specified for
Bronco variety (medium fine). At the second picking,
random samples of pods from each plot were used to
record the following traits:

o Average number of pods/plant (10 plants).
o Fresh pod weight/ plant (100 plants)

o Average pod diameter (100 pods).

o Average pod length (100 pods).

In addition, sum of all pickings were calculated to
determine total yield of fresh pod as ton/fed. Also, relative
response% was calculated according to the following
formula:

Treatmentpod yield (ton/fed) —
control Pod yield (ton/fed)

Treatmentpod yield (ton/fed) —
control Pod yield (ton/fed)

3- Leaf chlorophyll and pod quality:

= Pigments of total chlorophyll of leaves and pods were
determined according to Lichtenthaler and Wellburn
(1983).

e Total protein% of fresh pod was determined by
multiplying nitrogen content by 6.25 according to
A.O.A.C. (2000).

o Total Soluble solid (TSS) was determined by using Zeiss
Laboratory Refractometer.

Statistical analysis of data:

Statistical analysis was accomplished to obtain the
analysis of variance (ANOVA) according to Gomez and

x100

Re lative fresh pod yield%6 =
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Gomez (1984). The mean performance was compared by
least significant value (LSD) method at 5%. All statistical
analyses were performed using analysis of variance technique
by means of CoSTATE Computer Software. Duncan
Multiple Range Testat5% was used to test the significant
differences between treatment means.

RESULTS AND DISCUSSION

1.Vegetative growth characters:

The inability of sandy soil to retain water and
mineral nutrients caused an observed adverse action on
vegetative growth characters i.e., plant height, number of
leaves and branches, fresh and dry weight of plant and
leaves area (Table 3 and Fig. 1) in both seasons. However,
these parameters were improved by foliar spraying of citric
acid and soilamendment by farmyard manure (FYM). The
highest values were obtained with exogenous application
of citric acid combined with equal quantities of both
mineral and organic fertilizers (50%mineral fertilizers+
50%FYM) followed by that of citric acid and 75%FYM.
These increments may be due to the increase in water

retention of sandy soiland absorptionand uptake of macro
and micro- elements induced by organic matter in addition
to the anti-stress impact of citric acid. On contrary, the
decrease in the control characters may be due to the
reduction in growth and development in different plant
organs, sincethe lowwater retention and poor soil stresses
restricted plant growth.

The notability in the vegetative growth by the level of
50% FYM combined with 50% mineral NPK might be refer
to its simulative effect onthe physical properties of the soil
(Marculescu et. al., 2002and Ozores Hampton et. al., 2011).
Moreover, FYM guaranty higher levels of nutritional
elements, particularly N, which is basically the most
important structural elementfor plantgrowth (Amanullah et.
al.,2007). Many studies have found advantageous impacts of
organic manure on soil properties expressed as water-holding
capability and magnitude intensity (Fawole et. al., 2010). The
acquiredresults are in pretty endorsement with Dada and
Fayinminnu (2010), Abul-Soud et. al., (2010) and Shafeek
et. al., (2017). However, 100% organic manure was less
effectiveduetotheslowemission of nutrients (Eissa, 1996).

Table 3. Some egetative characters of snap bean plants as affected by different levels of FYM and foliar spray by

citricacidin2015 and 2016 seasons

Plant height (cm) No. of branches/ plantNo. of leaves/ plantLeaf area (cm#/plant)Fresh weight (g/plant)

Characters 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
Control 19.3 20.1 8.0 6.7 9.0 8.7 2715 263.0 50.5 53.0
100% MF + CA 21.3 21.0 7.3 7.7 9.7 9.3 2875 2866  54.7 54.5
25%FYM + CA 23.2 231 8.3 8.0 10.0 10.7 301.4 298.6 55.3 55.8
50%FYM +CA 24.9 254 10.0 9.7 11.7 11.7 317.4 331.8 61.9 63.5
75%FYM + CA 208 216 8.7 9.3 100 110 3076 3140 540 53.8
100%FYM + CA 20.8 19.6 8.0 8.3 10.0 9.3 282.3 286.4 50.3 50.4
LSD5% 2.09 1.9 1.1 1.3 1.6 1.7 18.6 15.0 4.7 5.1
MF: mineralfertilizers; FY M: farmyard manure; CA: citricacid
* wSeaonl W Seasond status dueto its role in osmotic adjustment under drought
155 conditions. Williamsonand Milburn (1995) also, found that
5 citric acid treatment resulted in the highest relative water
s content (RWC)which indicated theinvolvement of citric acid
X in increasing hydraulic conductance.
2 %Y 2. Number of floners and pods/plant, pods set%, pods
3 s yieldand physical quality of pod:
E & Obtained data of Table (4) and Figures (2 and 3)
s I indicate that pods set percentage, number of flowers and
pods/plant, weight of pods/plantand pods yield per feddan
2 . . as well as pod physical quality expressed as length and
(9 @« qv’“&( ‘ﬁé“‘\ & ] & diamgt_er were _negatively a_ffected under sandy soil
& F @w@ 4 '&@3 conditions, while the mentioned parameters showed

Treatments

Fig 1. Effect of different lewvels of FYM amendment and
foliar spray of citricacidon dry weight% of
snap bean plant inseasons of 2015 and 2016.

On the other hand, Sun and Hong (2011) and El-
Tohamy et. al., (2013) found thatexogenously applied with
citric acid significantly improved the plant growth under
stress conditions and induced defense mechanisms by
increasing the activities of antioxidant enzymes. Also,
exogenous citricacid improved internal citric acid and helped
stress tolerance improvementof plants during saline stress
conditions (SunandHong, 2011) and water stress conditions
(Kang et al., 2009 and Iwasaki et al., 2011). This is may be
attributedto the contribution of citric acid in enhancing water

significant values under the treatments of 50%mineral
NPK +50% FYM+ foliar spray by CA.

Fresh weight of pod/ plant and pod yield/fed. were
significantly increased by foliar spray of 1.5¢/I citric acid, but
the increment in the other mentioned parameters did not
reach to the significance at 5% level. The exogenous foliar
spray of citric acid combined with FYM amendments
significantly improved all studied parameters, except the
fresh weight of pods/plant and pod yield/fed which were
decreased significantly with 100% FYM compared with the
control and other treatments in both seasons. From the
previous data, it can begenerally said thatthe highest values
were obtained with citric acid and 50%FYM +50% mineral
fertilizers.
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Table 4. Number of floners and pods/plant, freshweight of pod/ plant and pod characteristics as affected by
different levels of FYM and foliar spray by citricacidin2015 and 2016 seasons

No. of flowers/ No. of pods Weightof fresh podTotal yield of fresh pod

Pod characters

Characters plant / plant (g/plant) (ton/ feddan) diameter (cm) length (cm)
lst 2nd 1st an 151 2nd 151 2nd 1st 1st
Control 210 213 151 156 8043 81.87 31 3.17 0.95 0.94 10.07 10.13
100%MF+CA 213 213 16.2 158 87.03 85.37 3.38 3.28 0.96 0.94 1053 1043
25%FYM +CA 257 240 196 180 924  88.23 3.62 3.57 105 097 113 110
50%FYM +CA 26.7 270 221 218 96.5 97.43 4.03 3.97 1.08 11 11.8 11.82
75%FYM + CA 273 267 193 20.1 8277 83.37 2.99 3.21 0.95 0.96 10.17 10.57
100%FYM +CA 227 250 165 145 7413 72.17 251 2.66 0.93 0.90 10.33 1047
LSD5% 1.3 22 18 19 322 3.14 0.11 0.20 0.05 0.07 0.78 0.56
MF: mineral fertilizers; FYM: farmyard manure; CA: citric acid
%0 - sSeasonl a Season2 elements in available form by the presence of FYM as the
g | slow-release fertilizers (Kolbe et. al,. 1995 and Marschner,
0 | 1995) in addition to, increment in performance of the
activation of beneficial microorganisms in the soil (El-
2 ] Gizy, 1994; Suresh et. al., 2004 and Remesh, 2008) and
£ 701 this helps in the transform of organic forms to mineral
& 65 - forms, which are the available forms to plants. Some
60 - examiner came to comparable results of snap bean plants
55 | (Gabr, 2000; El-Bassiony et. al., 2010 and Shafeek et. al.,
o HE NN HE NN BN N 2017). However, positive effects of assigned treatments on
& & & & & vegetative growth traits, as shown previously, may
¢ & « ,\:«*’& ‘ﬂgs* ,ﬁ“& 6‘9 reflected on flowering, setting and yield and its attributes.
¥ T“latmem ¢ v $ El- Tohamy et. al., (2013) found that citric acid as foliar

Fig 2. Effect of different levels of FYM amendment and
foliar spray of citric acid on fruit set% of snap
bean plant grown under sandy soil conditions in
seasons of 2015 and 2016.

35 - = Seasonl

= Season2

25 4

15 |

- e M
N I
15 |

25 -

Relative response%

100%MF+ citric ~ 25%FYM+ citric ~ 50%FYM+ citric ~ 75%FYM+ citric  100%FYM+ citric

Treatments

Fig. 3. Relative response% of fresh pod yield of feddan
in snap bean grown under sandy soil conditions
in seasons 0f2015and 2016.

The increase in the flowers and pods number/plant,
total pods yield and pod characteristics may be due to
convenient effect of FYM on the vegetativegrowth (Table
3 and Fig.1) and to adequate proportions of nutrition

spray at 1.5g/Isignificantly increased snap bean yield and
pod length and diameter under droughtstress. This is may
be attributed to the significant role of citric acid in the
adjustment of metabolism and physiology of the plants
under stress conditions (Silvente et. al., 2012).
3.Leaf chlorophyll and nutritional value of fresh pod:

The positive effect of citric acid and different levek
of FYM on total chlorophyll content of leaf and pod,
TSS% and protein% of pod in snap bean grown under
adverse condition of sandy soil are shown in Table 5.

The highestchlorophyll content of leaf was obtained
with citric acid foliar spray combined with 50%FYM,
whereas, the highest records of chemical quality of pod were
obtained with citric acid +100% FYM followed by citric
acid combined with either 75% or 50% FYM.

These results agree with those of Awad et. al.,
(2007) and Al-Said and Kamal (2008) who found that
nitrogen helpsto increase chlorophyll content in the plant.
In addition, Uchida (2000) pointed that adequate nitrogen
level improved the quality and quantity of legumes protein
and dry weight. However, citric acid, as antioxidant, has an
important role before and during stresses exposure by
mean of depressing oxidation action in the plant which
helps healthy growth and developmentand eventually pod
nutrition quality (Rakha, 2017).

Table 5. Chlorophyll contents of leaf and pod and crude protein and TSS percentages of pod as affected by
different levels of FYM and foliar spray by citric acidin 2015 and 2016 seasons

Characters Total leafchlorophyll (mg/g fw) Total pod chlorophyll (mg/g fw) Total protein% Pod TSS%
Treatments 18t 1t 2nd 18t 2nd
Control 3.70 3.80 1.80 1.80 13.43 13.8 6.7 5.9
100%M F+CA 3.97 3.67 2.03 2.07 13.42 135 7.3 6.0
25%FYM +CA 3.93 4.00 2.00 2.23 13.7 13.7 7.0 6.0
50%FYM + CA 454 451 2.30 2.23 15.1 16.6 7.3 7.9
75%FYM +CA 4.13 4.20 2.10 2.23 15.1 17.0 7.9 7.8
100%FYM + CA 4.20 4.20 2.13 2.27 15.8 17.1 7.9 8.6
LSD5% 0.15 0.058 0.06 0.11 0.18 0.09 0.06 0.09

MF: mineralfertilizers; FY M: farmyard manure; CA: citricacid
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RECOMMENDATION

On the light of the obtained results through the
study, it is recommended to amend sandy soil with 50%
farmyard manure + 50% of recommended mineral NPK to
improve chemical, physical and microbial properties of
sandy soailin order to provide sufficient amounts of water
and nutritional elements for sensitive plantse.g., snap bean,
in addition to foliar spray three times with 1.5g/I citric acid
to overcome the oxidative stress and securegoodyield and
quality of fresh pods.
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