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Abstract

Soil salinity is one of the major yield-limiting factors for crop production in
many agricultural regions all over the world. Besides following efficient man-
agement practices at the field scale to reduce accumulation of salts in the ef-
fective root-zone, the effective use of treatments to alleviate the effects of sa-
linity stress and improve crop salt tolerance is a promising solution to ensure
crop production in such adverse conditions. A field experiment was carried
out to investigate the effect of foliar spray with plant-based biostimulant (Ze.
with and/or without 3% yeast extract), three levels of proline (0, 25, and 50
mM), and combined with potassium fertilizers, as potassium sulfate, 48%
K,O (0, 50, and 100 kg/fed.) on growth promotion, chemical composition of
garlic leaves, bulb quality parameters as well as yield and its components of
garlic plant grown under moderate saline soil. Results revealed that the inte-
raction between foliar spray with yeast extract at 3% and proline at 50 mM
combined with proper K level at 100 kg/fed., was the best interaction treat-
ment for increasing vegetative growth parameters, Ze. plant height, number
of leaves per plant, and mineral contents (N, P, K, S, Ca and Mg in leaves),
and proline content of garlic leaves after 135 days from planting time, total
yield/fed., and garlic yield quality parameters at harvesting time. In conclu-
sion, the detrimental effects of salinity stress can be alleviated by stress toler-
ance-inducing compounds, such as yeast extract and proline with proper ap-
plication rate of K fertilization during the growing season of garlic crop.
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1. Introduction

Garlic (Alium sativum L.) is a species in the onion genus, A/Zjum. It is a medi-
cinal and exportable vegetable crop in Egypt that’s grown for its distinctive taste
and health benefits. Garlic has been used as a medicine throughout ancient and
modern history and recently science has confirmed many of these beneficial
health effects. Nutritional value and therapeutic potential of garlic have been
taken to prevent and treat a wide range of conditions and diseases [1]. Garlic as a
natural antibiotic has a broad-spectrum of actions; not only it is antibacterial,
antiviral, antifungal and antiprotozoal, but it also has beneficial effects on the
cardiovascular and boosts the function of the immune systems [1] [2]. Garlic is
low in calories and rich in vitamin C, vitamin B, antioxidant, organo-sulphur
compounds, manganese, trace amounts of various other nutrients, and it has a
protective action against different types of cancer and the severity of common
illnesses like the flu and common cold [3].

Soil salinity has a negative impact on food production in many countries of
the world. Salinity destroys three hectares of arable land globally every minute
and it is predicted that up to 30% of currently food-producing land may be lost
within the next 25 years [4]. The most common reasons for salinization of the
soil are poor soil-sustainable practices, excessive saline water irrigation and a
severe usage of mineral fertilizers in arid and semi-arid climatic zones (characte-
rized by high evapotranspiration, high temperature, and low rainfall) [5]. Thus,
the salinity issue will remain one of the key threats to the global food production
in the 21* century [4]. The development of new strategies to alleviate salinity in
plants and stimulate crop cultivation under salinity stress is a relevant research
purpose to face the needs of a world with growing soil salinity issues [6].

Plants have developed various adaptation mechanisms at cellular, subcellular
and organ levels for their nourishment under salt-affected soils [5]. Plants in
salt-affected soils often have the same appearance as the plants growing under
drought stress conditions although the plant wilting is much less prevalent due
to the osmotic potential of the soil solution that usually changes gradually and
plants adjust their internal salt content to maintain turgor and thus avoid wilting
(7] [8].

Soil salinity management strategies have been evolved to enhance plant adapta-
tion capability or tolerance to salinity stress, such as development of salt-tolerant
genotypes, exogenous application of compatible solutes (either as aerial sprays,
or seed priming), like proline and other bio-stimulants (e.g. yeast extract), prop-
er use of K and Zn fertilization with organic amendment, and use of fresh water
as a safe source of irrigation for agricultural purposes, with following effective
management practices to mitigate the adverse effects of salinity-induced oxida-
tive stress [6] [9].

Therefore, objectives of the current research were to investigate stress to-
lerance-inducing compounds by studying the effect of foliar spray with

bio-stimulant (Ze. 3% yeast extract), and proline in combined with proper po-
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tassium nutrition on growth promotion and yield quality of garlic (Allium sati-

vum (L.) cv. Sids-40) grown under moderate saline soil.

2. Materials and Methods

2.1. Experimental Site and Soil Properties

The field experiments were conducted at the experimental farm of the soil salin-
ity and alkalinity laboratory at Alexandria during the growing season of garlic
cv. Sids-40. This site lies between latitude 31°2"N, and longitude 29°6"E with an
elevation of about 2.50 m below sea level. The annual rainfall averaged 200 mm
and the relative humidity during daytime is about 67.30% at the experimental
site. The mean maximum temperature during August and September ranged
between 30.9°C and 29.6°C.

2.1.1. Physio-Chemical Properties of the Experimental Soil Location

The physical and chemical characteristics of surface (0 - 30 cm) soil samples
were analyzed before planting garlic cloves. Composite surface soil samples were
air-dried, ground and passed through 2 mm sieve pores, and stored at room
temperature for analysis.

Electrical conductivity (EC), soluble cations and anions were measured in the
soil paste extracts according to Page et al [10]. The soil pH was measured in soil:
water suspension (1:2.5) according to McLean, [11]. Soil organic matter content
was determined by Walkley-Black method [10]. Total calcium carbonate (%Ca-
CO;) was estimated by Calcimeter Method according to Horvathet al. [12].

Available nitrogen (NH,-N and NO,-N) was extracted by 2 M KCl and deter-
mined by Jones Jr [13]. The Available phosphorus was determined by Olsen's
sodium bicarbonate method (0.5M NaHCO,, pH 8.5) according to Jones Jr [13]
and soluble phosphorus in solution was measured colorimetrically (spectropho-
tometer) by the ascorbic acid molybdenum-blue method [14]. Available K was ex-
tracted by ammonium acetate (1N, pH 7) and measured by the flame photometer

[13]. The physical and chemical properties of soil samples are shown in Table 1.

2.1.2. Chemical Analysis of the Irrigation Water

Irrigation water samples were collected from the main irrigation canal, and then
samples were sent for chemical analysis at Department of Soil and Water
Sciences, Faculty of Agriculture, Alexandria University. The chemical analysis of

water samples is shown in Table 2.

2.2. Experimental Design

The experimental layout used was Randomized Complete Block Design (RCBD)
with three replicates. Each experimental unit consisted of three rows, 4 m long
and 50 cm in width spacing between plants was 10 cm. The experimental site
was irrigated, one excess irrigation, by flooding before planting (15 days) to
leach salts below the root zone.

Cloves of garlic (Allium sativum (L.) cv. Sids-40) were selected for nearly
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Table 1. Physico-chemical properties of the experimental soil location.

Parameters

Physical properties:

Sand (0.2 - 0.02 mm)

Silt (0.02 - 0.002 mm)
Clay (<0.002 mm)

Texture

Chemical properties:

pH

EC

Organic Matter (OM)
CEC

CaCO;,

*ESP

SAR

Available-N

Values

939% +0.51%
29% + 0.63%
32% +0.72%

Clay loam

7.73 £0.02
4.03+0.11 dSm™
2.06% * 0.5%

23 +£0.25 Cmol-kg™!
7.4% + 0.16%
8.13% = 0.21%

6.85 + 0.43

30.22 + 1.5 mg-kg™!

Olsen-P 8.11 £ 0.19 mg-kg™

Available-K 120 + 1.3 mgkg™

*ESP, The exchangeable sodium percent was calculated from sodium adsorption; ratio (SAR), *Data is av-
erage of 3 replicates + standard deviation (SD).

Table 2. Chemical analysis of the irrigation water used in the study.

EC

Cation and anion concentration (meq-L™)

Irrigation pH

(dSm™)

SAR
Ca?* Mg K* Na* HCO; cl SO”

Canal water  0.60 + 0.01 7.15 $£2.01+£0.05 1.70+0.03 0.28+0.05 2.10+0.10 1.42+0.07 3.39+0.10 1.19+0.05 1.54

IWC <0.7 6.5-8.4

<3 <3 <0.30 <3 <15 <4 <1.2 <3

“Means of three samples + SD.
IWC: Irrigation water criteria, EPA, USA [15].

uniform in shape and size, treated with fungicides and hand-planted in the row
on September 20", 2018.

Proline foliar treatment was applied using an ordinary sprayer with a sharp
nozzle. Three levels of proline namely 0, 25, and 50 mM considered as Pro 0, Pro
1, and Pro 2, respectively, were prepared in distilled water containing 0.1%
Tween" 20 as a non-ionic surfactant, as well as control (sprayed with tap water).
All foliar treatments were applied three times at 30, 45, 60 days after sowing.

Potassium fertilizer was added in soil during the vegetative growth stage (60
days after cultivation) using potassium sulfate (48% K,O), whereas potassium
levels as, KO (control or no potassium), K1 (50 kg/fed.), and K2 (100 kg/fed.).
Phosphorus fertilizer was applied using calcium superphosphate (15.5% P,0;) at
a rate of (75 kg/fed.) during soil preparation. Nitrogen fertilizer was added in the
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form of ammonium nitrate (33.5% N) at a rate of (100 kg N/fed.) in two equally
separated doses, one at the time of planting and the other during the vegetative
growth stage (75 days after cultivation). All other agricultural practices were
performed as recommended for garlic production according to the recommen-
dations of the Egyptian Ministry of Agriculture.

This experiment included 18 treatments, which included two foliar bio-stimulant
treatments (Ze. with and/or without 3% yeast extract), and all combinations be-
tween the three levels of potassium fertilizers (0, 50, and 100 kg/fed.) with three
foliar spraying of proline levels (0, 25, and 50 mM).

Yeast extract (YE) 3% was prepared from active dry yeast (Saccharomyces ce-
revisiae) according to the modified method of Francesca ef al. [16] by dissolving
amount of dry yeast in water followed by adding sugar (as a source of C and N)
at a ratio of 1:1 and kept 24 hours in a warm place for activation before applica-
tion on the plants. Yeast extract is rich in beneficial bioconstituents such as
amino acids, peptides, phytohormones, vitamins, carbohydrates, trace elements,
and other growth factors....etc., hence making it suitable for foliar application.

The nutritional contents of the yeast extract are shown in Table 3.

Table 3. The nutritional contents of the yeast extract.

Minerals (mg/g) Amino acids (mg/100g) Vitamins (mg/100g)

K 23.0 +0.05* Arginine 2.18 £ 0.07 Vitamin B1 3.25+0.03
P 16.0 £ 0.12 Aspartic acid 1.46 £ 0.12 Vitamin B2 1.92 £ 0.10
Ca  0.84 +0.06 Glutamic acid 220 £0.24 Vitamin B6 1.63 +0.23
Mg 1.78+0.21 Histidine 2.89 £0.09 Vitamin B12 0.55 £ 0.01
N 470 £0.13 Isoleucine 2.44+0.13

Fe 0.07+0.14 Leucine 3.15+0.21

Si 0.12 £ 0.05 Lysine 2.99 £0.02

Zn 0.21+0.10 Methionine 0.83 +0.14

Mn 0.05+0.09 Proline 1.65 +0.10

Cu 8.90=+0.15 Serine 1.74 £ 0.13

Mo 0.55+0.21 Valine 2.33+0.11

*Means of three samples + SD.

The treatments with 3% yeast extract were applied four times, and the first
one was 65 days from planting and repeated each 15 days intervals. The plants
were sprayed using a small motor sprayer, with uniform coverage until run-off,
with a wetting agent Tween® 20 (0.1%) added to the spraying solution. Treat-
ments without 3% yeast extract, plants were sprayed with fresh water.

2.3. Measurements

2.3.1. Vegetative Growth Parameters of Garlic
Three plants were randomly selected from each experimental plot after 135 days

DOI: 10.4236/0jss.2020.109023

447 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2020.109023

E. F. A. Awad-Allah et al.

of planting, to assess vegetative growth parameters, Ze. plant height (cm), num-

ber of leaves per plant.

2.3.2. Nutritional and Chemical Composition of Garlic Leaves

Plant leaves were sampled and separated into two groups; one was kept fresh to
determine proline content according to the method of Bates ef al [17]. The re-
sults were expressed as mg/g of proline equivalent of the fresh weight of the
samples. The other group of leaves samples were oven dried at 70°C for 48 h,
and N, P, K, Ca, Mg and S contents were estimated. Total nitrogen content was
determined according to the method described by Jones Jr [13]. While, total
phosphorus content was measured according to Page et al [10]. Also, total po-
tassium content was determined according to the method described by Jones Jr,
[13]. Calcium and Magnesium contents were measured according to Jackson,
[18]. Sulfur content was determined according to the methods described by
Johnson and Nishita [19].

2.3.3. Garlic Yield Quality Parameters

The irrigation treatments were cut off before 15 days from harvesting date. The
bulbs were harvested at full maturity stage (180 days from planting) with three
samples of each experimental plot; a description of morphological and quality
features of bulbs was carried out. The recorded features were bulb diameter
(cm), weight of bulb per plant (g), number of cloves per bulb, average clove
weight (g), total yield (ton/fed.). Relative total yield (%) was calculated according

to the following equation:

Relative total yield (%) =[7; /T,]x100

where:

T, = Total yield of treatment, 7, = Total yield of control.

2.4. Statistical Analyses

The data obtained were subjected to analysis of variance (ANOVA) according to
Gomez and Gomez [20], using CoStat Software Program Version 6.303 [21], and

LSD at 0.05 level of significance was used for the comparison between means.

3. Results and Discussion

The present study is exploring alleviation strategies of salinity stress for pro-
moting growth and yield quality of garlic plant grown under moderate saline soil
through foliar spray with bio-stimulant (Z.e. 3% yeast extract), proline and prop-
er potassium nutrition. Physical and chemical properties of the studied soil are
presented in Table 1. Data showed that soil has a fine-textured, where the clay
content was found to be 32% * 0.72% and the texture class is clay loam. Data in
Table 1 revealed that the studied soil type was moderate saline-non sodic, where
measured soil EC was 4.03% + 0.11 dSm™" and ESP was 8.13% + 0.21%.
Chemical analysis of the irrigation water used in this study comparing with ir-

rigation water standards are presented in Table 2. Canal water with EC = 0.60
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0.01 dSm™ is available for surface irrigation technique used at the Experimental
Research Station area and there is no restriction on usage for crop irrigation ac-
cording to Irrigation Water Criteria (IWC) [15].

In a uniform field having moderate salinity, it can often go undetected be-
cause it causes no apparent injuries other than restricted plant growth [7]. In
this case, soil reclamation by following efficient management practices at the
field scale can reduce accumulation of salts in the effective root-zone [6]. One
excess irrigation by flooding before planting (15 days) for leaching salts below
the root zone is a viable method for reclamation of saline bare soil and crop
production [22] [23]. The current study shows that, although garlic tends to be
slightly more salt tolerant than most vegetable crops, the need to maintain low

soil salinity levels is essential for maximum yield.

3.1. Vegetative Growth Parameters of Garlic

Figure 1 shows the effect of different treatments of proline, K levels, and their
interactions without and/or with 3% yeast extract on the studied vegetative
growth parameters, Ze. plant height, and number of leaves per plant at 135 days
after planting time. The obtained results showed that garlic plant height was sig-
nificantly increased with increasing proline and K levels without yeast extract
(Figure 1(A)) and/or with 3% yeast extract (Figure 1(B)). Data revealed that
garlic plants grown under salinity stress and sprayed with 3% yeast extract had
better vegetative growth than those unsprayed. Foliar spray with (ie. 3% yeast
extract) had a beneficial effect on plant growth promotion and final crop quality.
It was found that yeast extract treatment had the ability to induce significant re-
covery for the reduction in vegetative growth of garlic plants grown under mod-
erate saline soil.

Plant-based biostimulant (7.e. yeast extract), which is environmentally friend-
ly, nutritious, and convenient to use, has advantages over common plant growth
regulators and soil conditioners [24]. The improvement of plants growth in re-
sponse to the foliar application of active dry yeast may be attributed to its nutri-
tional contents of different nutrients, a relatively larger proportion of amino ac-
ids, higher percentage of peptides, phytohormones, higher values of vitamins,
carbohydrates, trace elements, and other growth factors (Table 3). Many studies
indicated that yeast has stimulatory effects on cell division, elongation, enlarge-
ment, chlorophyll formation, protein and nucleic acid synthesis [16] [25]. It was
found that the simulative effect of yeast extract treatment can recover the reduc-
tion occurred in vegetative growth of leucaena plants which exposed to salinity
stress [26].

The interaction effect between proline foliar applications and K treatments
had significant effect on different vegetative growth parameters than control
treatment without yeast extract (Figure 1(A) & Figure 1(C)) and/or with 3%
yeast extract (Figure 1(B) & Figure 1(D)). In this respect, the plants which
sprayed with 3% yeast extract, Pro 2 (50 mM), and K2 (100 kg/fed.) resulted in

DOI: 10.4236/0jss.2020.109023

449 Open Journal of Soil Science


https://doi.org/10.4236/ojss.2020.109023

E. F. A. Awad-Allah et al.

80 - . (A) 80 1 _ (®)
70 Without Yeast 70 - With Yeast
= £
< 60 3]
- 50 -
£ % =
s =
S 20 =
A -9
10
0
N N
&6’ & ¢ Q@"’ Q‘é" Q@'\’ Q,\o’" Q‘& Q‘& < © ¢ Q‘o'\’ Q‘éi’ Q@"’ Q‘é" Q@"’ Q‘é"
I X X X X (Io nX aX ,"x ,"x
< AN AR A ¢ v ¢ Jd
Treatments Treatments
18 - _ ©) 18 - D)
16 - Without Yeast 16 - With Yeast

No. of leaves. plant™!

D
\‘0

& R

@ \g}' Q‘Q\ Qi@,

No. of leaves. plant

N

3 N 9
O O Q
xQ‘ xQ\ ><Q\ ]

Treatments Treatments

Figure 1. Plant height ((A) & (B)), and no. of leaves per plant ((C) & (D)) of garlic plants at 135 days after planting time as af-
fected by proline, K levels, and their interactions without yeast ((A) & (C)), and with 3% yeast ((B) & (D)) during growing season.

Error bars represent standard deviation

of the mean.

the highest values of plant height as well as number of leaves per plant at 135
days after planting time.

Scientists reported that treatment of sweet pepper with stress tolerance-inducing
compounds alleviates salinity stress oxidative damage by mediating the phy-
sio-biochemical activities and antioxidant systems. Further, it was found that the
important role of proline, salicylic acid, and yeast extracts in enhancing sweet
pepper growth and tolerance to salinity stress via modulation of the physiologi-
cal parameters and antioxidants machinery. Interestingly, proline proved to be
the best treatment [27].

Proline is a compatible organic solute that accumulated in the cytoplasm of
the plant cells growing in saline environments [6]. Furthermore, proline has a
positive impact on the activity of enzymes and osmotic adjustment under stress
conditions, while protecting enzyme against denaturation or inhibition of activ-
ity [27] [28]. The exogenous application of proline has been suggested to be an
effective approach in improving crop salt tolerance in higher plants [28].

3.2. Nutritional and Chemical Composition of Garlic Leaves

Data in Table 4 show the interaction effect between yeast extract (3%), K and
proline treatments on chemical composition and proline content of garlic leaves

at 135 days after planting time. It is obvious that all chemical constituents of
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leaves such asN, P, K, S, Ca and Mg contents as well as proline content of garlic

leaves were significantly affected by sprayed plants with both yeast extract, and

proline in combination with K nutrition than control treatment. In this respect,

the plants which sprayed with yeast extract at 3% yeast extract, Pro 2 (50 mM),
and K2 (100 kg/fed.) achieved the highest concentrations of N, P, K, S, Ca and
Mg in leaves as well as proline content in garlic leaves at 135 days after planting

time.

Table 4. Interaction effect between yeast extract (3%), K and proline treatments on chemical composition, and proline content of

garlic leaves.

Treatments N P K S Ca Mg
Yeast Extract K Proline ) (m:;liiv )
(3%) (kg/fed.) (mM)
Without yeast KO Pro 0 1.33 0.14™ 1.22° 0.20" 0.55° 0.10° 30.2¢
Pro 1 1.69Y 0.16! 1.28" 0.25™ 0.58" 0.12» 40.2!
Pro 2 1.73! 0.18% 1.34™ 0.29% 0.60™ 0.13™ 43.5
K1 Pro0 1.64% 0.20' 1.40' 0.30% 0.63' 0.16% 33.6P
Pro 1 1.828h 0.248 1.46 0.35" 0.66' 0.208" 46.5"
Pro 2 2.03f 0.26% 1.50! 0.388 0.68" 0.218 50.58
K2 Pro0 2.174¢ 0.22" 1.608 0.40f 0.698 0.17) 36.2°
Pro 1 2.25% 0.28¢ 1.72¢ 0.43¢ 0.71¢ 0.23¢ 52.4°
Pro 2 2.31¢ 0.30° 1.88° 0.46% 0.72¢ 0.25¢ 55.6°
With yeast Ko Pro 0 1.56 0.17! 1.30 0.28' 0.60™ 0.14' 34.2¢
Pro 1 1.75% 0.19% 1.39! 0.32) 0.64% 0.19' 42.4%
Pro 2 1.868 0.21! 1.44% 0.341 0.65' 0.20" 455
K1 Pro 0 1.91¢ 0.23¢ 1.49' 0.36" 0.66' 0.21¢ 37.1°
Pro 1 2.00f 0.27¢ 1.55 0.42¢ 0.70%f 0.24¢ 51.6
Pro 2 2.12¢ 0.29¢ 1.67 0.454 0.73¢ 0.26¢ 53.1¢
K2 Pro0 2.20% 0.25f 1.70° 0.47% 0.70f 0.22f 39.4m
Pro 1 2.40° 0.32° 1.85¢ 0.48° 0.74° 0.27° 56.5"
Pro 2 2.54* 0.37* 2.03* 0.54* 0.76* 0.29* 58.6"

Means in each column, followed by the same alphabetical letter(s) in common, are not significantly different at p < 0.05.

Among the plant nutrients, K is a very important nutrient for increasing garlic

yields and obtaining optimal production levels [29]. Proper application rates and
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timing are critical for generating a yield, high quality response, and good storage
ability of garlic. As crop yields increase, the amount of K required also increases,
along with all other nutrients [29] [30]. In recent decades, K was found to pro-
vide abiotic stress tolerance in plants. However, the exact mechanisms of these
protections are still under investigation [31]. Under salt stress, sufficient level of
K helps to maintain ion homeostasis and to regulate the osmotic balance. In ad-
dition, K can enhance antioxidant defense in plants and therefore protects them
from oxidative stress under various environmental adversities. Furthermore, K
provides some cellular signaling alone or in association with other signaling
molecules and phytohormones [31].

Scientists reported that the uptake of different nutrients by garlic plant varied
significantly due to the different application levels of K. Potassium alone in-
duced maximum uptake of all the elements studied (N, P, K, S, Ca, Mg, B, and
Na) at K at 200 kg-ha™' and the lowest in control KO0 treatment [29]. It was found
that these essential and beneficial nutrients could protect crop plants against
both abiotic and biotic stresses by enhancing the plant resistance power and re-
gulating the mineral nutritional status [32].

Proline accumulation is a common physiological response in many plants in
response to a wide range of biotic and abiotic stresses [33]. It is obvious from
data presented in Table 4 that proline had markedly accumulated in garlic
leaves; the highest concentration was recorded with 3% yeast extract, Pro 2 (50
mM), and K2 (100 kg/fed.) in comparison to the control plants during growing
season. Proline concentration was significantly increased in response to
salt-stress conditions. This increment represents an important mechanism to
minimize the deleterious impact of salinity stress and enhance plant growth [33].
Indeed, overproduction of proline in plants induces stress tolerance by main-
taining cell turgor or osmotic balance; stabilizing membranes, thereby prevent-
ing electrolyte leakage; and bringing concentrations of reactive oxygen species

(ROS) within normal ranges, thus preventing oxidative bursts [34].

3.3. Garlic Yield Quality Parameters

Figure 2 & Figure 3 show the effect of different K levels, proline, and their inte-
ractions without and/or with 3% yeast extract on garlic yield quality parameters,
Le. average clove weight, number of cloves per bulb, weight of bulb per plant,
bulb diameter, total yield, and relative total yield of garlic plants at 180 days after
planting time.

The obtained results from Figure 2 showed that all bulb quality parameters
Le. average clove weight, number of cloves per bulb, weight of bulb per plant,
and bulb diameter were significantly increased with increasing K levels without
yeast extract ((A), (C), (E) & (G)), and/or with 3% yeast ((B), (D), (F) & (H)) at
harvesting time. Figure 2 revealed that the interaction between K level, proline,
and 3% yeast extract had significant effect on all bulb quality parameters than
control, and the interaction between the highest rate of K level (100 kg/fed.), and
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sprayed plant with Pro 2 (50 mM), and 3% yeast extract gave the highest values
of average clove weight, number of cloves per bulb, weight of bulb per plant, and
bulb diameter at harvesting time.

Jiku et al [29] reported that the maximum total yield and size of garlic bulb
were obtained with potassium application at 200 kg-ha™'. Potassium at 200
kg-ha™' produced the highest fresh and dry weights of bulbs and leaves, diameter,
moisture content, number of cloves, and yield as compared to the other treat-
ments. It was suggested that the yield of garlic increased with increasing potas-
sium fertilizer, where K application at 200 kg-ha™ is suitable for obtaining max-
imum yield. According to Hasanuzzaman et al. [31], K is responsible not only
for higher production but also for the improved quality of the harvest. Thus, K
ensures high-value crops and benefits to growers. K is sometimes called the
“quality element” for its association with better crop production, which is sup-
ported by many scientists.

Figure 3 showed that yield and its components such as total yield/fed., and rela-
tive total yield of garlic plants had significantly affected with increasing K levels
without yeast extract (Figure 3(A) & Figure 3(C)), and/or with 3% yeast (Figure
3(B) & Figure 3(D)) at harvesting time. It is obvious from current experiment that
garlic plants treated with K level at 100 kg/fed., received sufficient level of potash

and as a result, their growth was enhanced and ultimately, yield was increased.
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Figure 3. Total yield ((A) & (B)), and relative total yield ((C) & (D)) of garlic plants at 180 days after planting time as affected by
proline, potassium levels, and their interactions without yeast ((A) & (C)), and with 3% yeast ((B) & (D)) during growing season.
Error bars represent standard deviation of the mean.
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A sufficient supply of K can improve the various growth and physiological
parameters of plants under normal conditions. Furthermore, K functions as a
vital protector against abiotic stresses (e.g. salinity, drought, extreme tempera-
ture, toxic metals/metalloids, and high light) [31]. Yadav et al [35] reported that
maximum and significantly higher bulb yield of garlic was obtained with the
combined application of 150 kg of nitrogen along with 150 kg of K,O/ha.

The present study recommends that using foliar spray with yeast extract at 3%
and proline at 50 mM combined with K level at 100 kg/fed., for increasing total

yield per fed., of garlic plant grown under moderate saline soil.

4. Conclusions

The adverse environmental condition like salinity stress, which has detrimental
effects on garlic crop production, can be alleviated by stress tolerance-inducing
compounds, such as yeast extract and proline with proper K fertilization. Stress
tolerance-inducing compounds have a remarkable ability to improve garlic plant
growth and minimize the harmful effects of salinity stress without negatively af-
fecting the environment and, ultimately, promote the ability of garlic plants to
survive in moderate saline environment.

Our results revealed that the interaction between yeast extract at 3%, foliar
spray with proline at 50 mM combined with proper K level at 100 kg/fed., was
the best interaction treatment for increasing vegetative growth parameters, ie.
plant height, number of leaves per plant, and mineral contents (N, P, K, S, Ca
and Mg in leaves), and proline content of garlic leaves after 135 days from
planting time, and all garlic yield quality parameters including bulb quality pa-
rameters Ze. average clove weight, number of cloves per bulb, weight of bulb per
plant, and bulb diameter, and also including yield and its components ie. total
yield/fed., and relative total yield of garlic plants at harvesting time.

Therefore, the interaction treatment between foliar spray with yeast extract at
3% and proline at 50 mM combined with proper K level at 100 kg/fed, could be
recommended for enhancing garlic plant growth, productivity, and bulb quality

grown under similar conditions to this work.
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