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Abstract. Field experiment was conducted in Giza, Egypt, during two growing seasons of 2017-2018
and 2018-2019 on garlic crop, with the objective of investigating the effect ofdifferent irrigation
levels (60, 80 and 100 % of water requirements and theircombination with the foliar applications of
agrispon (with 0.5 and 1.0 ml/ liter)on growth and yield. The results indicated that increased irrigation
levels up to 100%]led to increased vegetative characterstics of garlic and that the lowest growth and
productivity was obtained by 60% irrigation level. When considering spray applicationof agrispon;
with 1.0 ml/L increased growth and productivity followed by 0.5 ml/L;while control treatment gave
the lowest productivity during the both seasons.Interaction effect between irrigation levels and
agrispon treatments indicated that 100%irrigation level combined with 1.0 ml/L foliar application of
agrispon gave the highest garlic productivity followed by 100% irrigation level combined with 0.5
ml/L foliar application. The chemical analysis showed that the highest NPK was obtained by 100%
irrigation level combined with 1.0 ml/L agrispon application during the both seasons.Regarding water
footprint, the highest irrigation water footprint was obtained by 80% irrigation level followed by 60%
irrigation level, while the lowest footprint was obtained by 100% irrigation level due to high garlic
productivity under 100% irrigation level. The estimated water footprint for garlic was 525 m>/ton.
The blue water footprint for garlic was 422 m>*/ton about 80% of total water footprint, while water
percentage about 20% with value of 103 m*/ton.

Introduction

Increasing irrigation quantity from 60 to 100% evapotranspiration increased significantly plant
vegetative growth (El-Dakroury, 2008). Using drip irrigation and applying 100 % of
evapotranspiration enhanced plants growth parameters and yield of garlic plants (Mandefro and
Quraishi, 2015). Gyanendra et al. (2016) reported that drip irrigation has significant influence on
garlic productivity. Garlic vegetative growth was the highest under 75% of evapotranspiration
treatment, and declined with increasing irrigation amounts up to 100 % of evapotranspiration. Abd
El-Hady and Eldardiry (2016) reported that drip irrigation system has a recognized impact on
increasing growth characters, garlic yield, and water productivity. Abdrabbo et al., (2014) reported
that increased irrigation quantity up to 100% of irrigation requirement led to improve root distribution
and ability to absorb water and nutrient from soil which increased metabolism processes and then
growth and productivity.

Syltine (1983) and Abdel Nabi et al., (2014) reported that spray application by agrispon produced
higher fruit weights and harvested number of fruits per plant as compared with control treatment.
Badr et al., (1997) found higher yield by spraying agrispon at 400 ml / feddan compared to control
treatment. Abdel Naby et al. (2012) revealed that application of agrispon two times during the season
led to increase the onion bulb weight; they also mentioned that the positive impact on crop quality
and quantity and reduces the use of mineral fertilizer.
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Agrispon is a plant and mineral extract containing growth promoter components, application of
agrispon during the plant growth season enhance growth and productivity (Karishma et al., 2019).
The use of Agrispon led to enhance plant canopy due to enhance the metabolism of plant which led
to enhance the ability of use the absorbed water and nutrient and then give higher production
(Anonymous, 2012). Agrispon is a natural bio-stimulant that improves plant performance and/or
yield. Agrispon improve plant growth especially under soil or weather conditions stresses (Rakesh
and Agarwal, 2014).

The Water Footprint (WFP) concept is an indicator to express the water use in the production chain
of commodities. The Water Footprint of a commodity is realized as the total volume of freshwater
that is consumed or polluted during the whole production process steps. For agricultural commodities,
water consumption mainly refers to crop water consumption (green and blue water) during the
growing period and water pollution (grey water) mainly relates to the leaching of fertilizers and
pesticides that are applied to the field. WF divides the water use into three components, i.e., green,
blue and grey water which are specified geographically and temporally (Mekonnen and Hoekstra et
al., 2011a).

Theory

This study performed to investigate the effects of different irrigation level and spray application
with a grispon(plant and mineral extract) and how their interaction can affect productivity of garlic
plants. It was considered to estimate water foot print for garlic production.

Materials and Methods

This study was carried on two field trials during 2017/2018 and 2018/2019 seasons, at the Central
Laboratory for Agricultural Climate Experimental Farm, Dokki, Giza Governorate - Egypt. The
coordinate of the experimental site was 30.04588 N and 31.20463 E.

Soil samples

Soil samples were taken before soil preparation for cultivation. Both mechanical and chemical
properties of the soil were determined as following: The mechanical analysis was determined using
the international pipette method according to Gee and Bauder (1986) summarized in Table (1).
Chemical analysis of the soil including pH, nutrients and organic residues were determined as
following: The pH value was determined by using a pH meter in a soil water suspension (1:2.5). In
addition to electrical conductivity (EC) and soluble ions were determined in the soil according to
Westerman (1990). Available P was determined according to Chapman and Pratt (1982).

Table 1. Mechanical and chemical properties of the soil before cultivation

Soil depth/ cm Sand % Clay % | Silt % | Texture | FC" % | PWP™ %
0-30 7.7 50.5 40.8 silty clay | 33.20 14.40
ECe milliequivalent/l

pH Cations Anions
(dS/m)
Ca™ Mg™ | Na* K* CO5~ HCO5 Cr
0.65 7.68 2.00 1.00 1.76 0.27 0.0 0.95 1.45
*FC = field capacity **PWP permanent wilting point

Climate conditions

The climatic data were collected from automated weather station allocated at the experimental site
and summarized in Table (2). The climatic data were collected from automated weather station
installed in the same location.
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Table 2. Average monthly climatic data of Dokki location during garlic growing seasons of
2017/2018 and 2018/2019

Air temp. RH* Precipitation | W. speed** ETo

°C % mm [m/s] mm

Oct-17 23.2 50.04 0 0.8 4.5
Nov-17 20.3 58.39 0.4 0.6 34
Dec-17 17.7 62.07 0 0.6 2.6
Jan-18 16.1 57.66 1.5 0.7 2.2
Feb-18 17.5 59.34 4.4 0.4 24
Mar-18 21.2 47.99 0.8 0.6 3.2
Apr-18 22.1 50.41 0 1.0 3.5
May-18 27.7 45.71 0 0.8 4.4
Oct-18 25.0 55.38 0 0.6 4.6
Nov-18 20.2 64.1 0.6 0.2 3.5
Dec-18 15.8 64.39 4.8 0.3 2.2
Jan-19 13.6 50.9 1.4 0.3 1.9
Feb-19 15.1 56.83 0.6 0.3 23
Mar-19 17.6 55.31 7.5 0.6 2.9
Apr-19 21.0 48.39 0 0.6 4.4
May-19 27.3 38.28 0 0.6 4.8

22
*RH = relative humidity **W. speed = wind speed

Plant materials and treatments

Garlic plants (Al/lium sativum L.) Sids 40 cultivar was planted on the 14 and 12 September of 2017
and 2018, respectively. The irrigation treatment started at the first of October during the both seasons.
Beds with one meter width was prepared for cultivating garlic. Each bed contained two lines of
polyethylene lateral 16 mm diameter. Four rows of garlic was cultivated in each bed. The distances
emitters were 0.30 m apart; four plants was cultivated for each emitter in two rows. The distance
between each two plants in row was 15 cm. One meter was left between each two irrigation treatments
as a border among the treatments. The experimental plot was 12 square meter (six meters length and
two meters width). The total amount of applied fertilizers were 50 kg N, 30 kg P>Os and 40 kg K,O
per Fadden.

The present experiment involved 9 treatments, which were resulted from the combinations of three
irrigation levels and three spray application with tree replicates. The main plots was occupied by three
irrigation levels: 60, 80 and 100 % of irrigation requirements (IR). Table (3) represent the irrigation
water requirement for garlic during the two seasons. The tabulated data were for 100% irrigation
level; irrigation water quantities for 60 and 80%tratments were derived from 100% irrigation level.
The sub — plots were occupied with the following three foliar application treatments:

1- Foliar application with tap water (control treatment).

2- Foliar application with Agrispon at the rate of 0.5 ml/1 L.

3- Foliar application with Agrispon at rate of 1 ml/1 L.

The agrispon foliar application was applied two times during the growing season, first time after
60 days and second time was 90 days from garlic cultivation during the two seasons.

The irrigation levels calculations were performed, while the control irrigation was using the drip
irrigation system practiced through the manual valves for each hose at the top of the drip lines in the
experimental plots. The quantity of irrigation water was calculated by Food and Agricultural
Organization (FAO) Penman- Monteith (PM) procedure, FAO 56 method (Allen et al., 1998).

Samples of three plants from each plot were taken randomly after 95 days after cultivation to measure
the following growth parameters; plant height (cm), No. of leaves/plant, fresh and dry weight of garlic
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leaf. At harvest time, bulb diameter (cm), No. of cloves /bulb, bulb fresh wt. (g) and average weight
of a clove (g) were recorded from random sample of 50 plant per plot. At the harvest time, bulb
diameter, number of cloves per bulb, average weight of garlic clove and bulb fresh weight were
measured for different treatments. Leaf samples were taken after 140 dates from cultivation to analyze
NPK percentages. For element analysis of leaves (% N, P and K), five plant leaves samples of each
plot were dried at 70 °C in an air forced oven for 48 hours. Dried leaves were digested in H>SO4/H202
mixture according to the method described by Allen (1974). Total nitrogen was determined by
Kjeldahl method according to the procedure described by FAO (1980). Phosphorus content was
determined using spectrophotometer according to Watanabe and Olsen (1965). Potassium content
was determined photo-metrically using Flame photometer as described by Chapman and Pratt (1961).

Table 3. Irrigation quantities under different irrigation levels for garlic in dokki farm during
2017/2018 and 2018/2019 seasons

ETo Ke ETc Leaching |Irrigation Daily Total monthly
requirement | Efficiency | irrigation Irrigation
Months
mm mm m3/feddan m3/feddan
Oct-2017 | 4.5 0.7 3.15 3.6 43 18 555
Nov-2017 | 3.4 0.85 2.89 33 3.9 16 493
Dec-2017 | 2.6 0.95 247 2.8 33 14 435
Jan-2018 2.2 1.1 242 2.8 33 14 426
Feb-2018 | 2.4 1.1 2.64 3.0 3.6 15 420
Mar-2018 | 3.2 0.9 2.88 33 3.9 16 507
Apr-2018 | 3.5 0.8 2.8 3.2 3.8 16 477
May-2018 | 4.4 0.7 3.08 3.5 4.2 18 175
total 3489
Oct-2018 | 4.6 0.7 3.2 3.7 4.4 18 567
Nov-2018 | 3.5 0.9 3.0 34 4.0 17 507
Dec-2018 | 2.2 1.0 2.1 2.4 2.8 12 368
Jan-2019 1.9 1.1 2.1 2.4 2.8 12 368
Feb-2019 |23 1.1 2.5 2.9 34 14 403
Mar-2019 | 2.9 0.9 2.6 3.0 3.5 15 460
Apr-2019 | 4.4 0.8 3.5 4.0 4.8 20 600
May-2019 | 4.8 0.7 34 3.9 4.5 19 191
total 3460

Experimental design
The treatment of every experiment was arranged in split plot design in three replicates.

Green water footprint (GWF)

The green water footprint (GWF) of a crop is calculated as the ratio of the volume of green water
used for crop production, CWUg (m? /acre), to the weight of crop produced, Y (ton /acre).

WFgreen = CWUg/Y

The green water is calculated as the sum of green water use for each month, ug (mm/ month), over
the entire crop period. Assuming that the irrigation requirements of the crop are fully met, the monthly
water use is equal to the minimum between effective rainfall, Peff, and crop evapotranspiration, ETc
(Chapagain and Orr, 2009).

Ug = mln (Peff, ET(;)

The effective rainfall depends only on the monthly rainfall.
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Blue water footprint (BWF)

The blue component of the water footprint (BWF, m?/ton) was calculated as the blue component
in crop water use (CWUblue, m*/ha) divided by the garlic yield (Y, ton/ha). The blue component
(WFproc, m*/ton) are calculated as follows:

WFbiue = CWUbie/ Y (m*/ton)

Blue water ingredients of crop water use (CWU, m>/ha) were calculated by accumulation of daily
evapotranspiration (ET, mm/day) over the growing season:

d=harvest

volume

CWUpe = 10X > ETypye(—oe
d=1

EToe: water evapotranspiration.

The factor 10 was used to convert water depths in millimeters into water volumes per land surface
in m*/ha.

The summation is done over the growing period from planting day one to the day of harvest. The
blue water evapotranspiration has been estimated by using math model is based on the method
described by Allen et al. (1998).

Grey water footprint (GWF)

The grey water footprint of crop production, which is an offer of the volume of freshwater
pollution, is calculated by quantifying the volume of water required to assimilate the nutrients that
reach ground- or surface water. Nutrients leaching from agricultural fields are a main cause of non-
point source pollution of surface and subsurface water bodies.

According to Mekonnen and Hoekstra (2011a), the grey water footprint is calculated by
quantifying the volume of water needed to assimilate the nutrients that reach ground- or surface water.
Nutrients leaching from agricultural fields are a main cause of non-point source pollution of surface
and subsurface water-bodies. In most studies, the grey water footprint is quantified as related to
nitrogen use only. The grey component of the water footprint (GWF) is calculated by multiplying the
fraction (f) of nitrogen that leaches or runs off by the nitrogen application rate (L), and dividing this
by the difference between the maximum acceptable concentration of nitrogen -nitrogen NO3-N
(Cn.max) and the natural concentration of nitrogen (Cn nat) in the receiving water-body and by the actual
crop yield (Y). Naturally, to obtain an accurate figure for the grey water footprint of a crop, one needs
to have a good estimate of the nitrogen fertilizer application rate for the specific crop, as well as the
applied nitrogen fertilizer lost through leaching.

~ f. Ly
(CN,max - CN,nat)- Y

The grey water footprint calculation are the values of Cnpnat and Cnmax in the receiving water-
bodies. Until recently, most published articles that present calculations of the grey water footprint
would consistently report the value of zero for Cnna due to lack of data (Mekonnen, and
Hoekstra,2001). For the maximum concentration, Cn,max, Stated that the recommended maximum
value of nitrate in surface and groundwater by the World Health Organization and the European
Union is 50 mg nitrate (NO3) per L, and the maximum value recommended by US-EPA is 10 mg/L
measured as nitrate nitrogen (NOs3-N); thus, in most studies, the standard of 10 mg/L NOs-N is used
following Chapagain ef al. (2006), which is a reasonable assumption.

The amount of N fertilizer used in Egypt depend on the seasons of cultivation there were two
seasons of cultivation Autumn and spring, which suggest 200- 230 and 180-210 kg per feddan for
plant and ratoon garlic crops, respectively.

GWF
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Statistical analysis
Analysis of data was done, using SAS program for statistical analysis. The differences among means
for all traits were tested for significance at 5 % level according to Waller and Duncan (1969).

Results

Vegetative growth. Application of different levels of irrigation using drip irrigation and
application with agrispon had significant effect on plant heights of garlic plants gown in silt clay soil
during the two studied seasons (Table 4). The tallest garlic plants was obtained under 100% irrigation
level followed by 80% irrigation level with no significant differences between each of them. The
shortest plants was obtained under 60% irrigation level treatment during the both seasons. Number
of leaves per plant took the same trend during the both seasons.

The fresh and dry weight of garlic leaf were significantly affected by different irrigation levels;
the highest fresh and dry weight of leaf were obtained by the highest irrigation level (100% IR)
followed by 80% irrigation level; the lowest leaf fresh and dry weight of leaf were obtained by 60%
irrigation level during the both seasons.

Regarding the spray application with agrispon for garlic; the agrispon spray application with
1.0 ml/L had the highest vegetative growth characters (plant height, number of leaves per plant, fresh
and dry weight of garlic leaf) during the two seasons. The agrispon spray application with 0.5 ml/L
came in the second option. The lowest vegetative growth characters was obtained by control
treatment.

As for the effect of interaction between irrigation level and agrispon application the highest
vegetative growth characters was obtained by 100% irrigation level combined with 1.0 ml/L followed
by 100% irrigation level combined with 0.5 ml/L of agrispon application. However, the lowest garlic
vegetative growth characters was obtained by 60% irrigation level combined with control (without
agrispon treatment). The same results was obtained by Abdrabbo et al. (2014) who concluded that
increase in irrigation levels up to 100% of irrigation requirement led to increase the root distribution
which led to absorb more water and nutrient elements and then enhanced the vegetative growth of
crop. El-Dakroury, (2008) and Abd El-Hady & Eldardiry (2016) concluded that increased quantity of
irrigation water application by using drip irrigation enhance the vegetative characters of garlic plants.
Farag et al., (2013) mentioned that proper irrigation quantity led to enhance the plant growth and
avoid water stress. On the other hand, Abdel Naby et al. (2012) and Karishma et al.,( 2019) revelad
that application with agrispon by spray two times during the growing season led to increase the
vegetative growth of garlic plant compared to control. Moreover, Rakesh and Agarwal, (2014)
confirmed the role of agrispon in improvement of the plant growth and productivity due to better
utilization of nutrients such as nitrogen and phosphorus.
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Table 4. The effect of irrigation levels and agrispon application on vegetative growth of garlic

plant during 2017-2018 and 2018-2019 seasons

|

2017-2018 2018-2019
Plant height (cm)

Irrigation Spray agrispon
levels (%) |[Control [0.5 ml/L 1.0 ml/L | Mean Control [0.5ml/L | 1.0 ml/L | Mean
60% 69.2 ¢ 69.1 ¢ 76.1 be 71.4C 168.7d 70.3d |75.0d |[713C
80% 72.1de [79.1b 83.5a 78.3 AB |75.7¢cd [84.0bc |89.7ab [83.1 AB
100% 73.7cd |[82.7a 89.7 a 80.6 A |75.0d 85.3ab |92.0a [84.1 A
Mean 71.7C 77.0 B 81.6 A 73.1C |799B [85.6 A

No. of leaves / plant
Irrigation Application spray
levels (%) |Control |0.5 ml/L 1.0 ml/L | Mean Control [0.5 ml/L |1.0 ml/L | Mean
60% 7.33 ¢ 7.67 be 9.33ab |[8.11B 7.33d 7.33d ]9.00 abc |7.89 B
80% 8.33 abc |8.67 abc 9.67 a 8.89 AB [7.67cd [8.00cd [9.67ab |8.44 AB
100% 8.33 abc [9.00 abc 10.0 a 9.11 A 18.00cd [8.67bcd|10.33a [9.00 A
Mean 8.00 B 8.44 B 9.67 A 7.67B [8.00B ]9.67 A

Leaves fresh wt. (g)
Irrigation Application spray
levels (%) |Control |0.5 ml/L 1.0 ml/L | Mean Control |[0.5ml/L |1.0 ml/L | Mean
60% 26.0 ¢ 32.3 de 36.7c¢d |31.8C |27.2d 36.0c [39.3bc |34.2B
80% 32.7d 343d 40.3bc [35.7B 353cd |36.7c¢ [42.0bc |38.0B
100% 453b 55.0a 56.5a 523A |47.0b 57.0a |58.7a [542A
Mean 34.6 C 40.7 B 445 A 36.5C |43.2B |46.7 A

Leaves dry wt. (g)
Irrigation Application spray
levels (%) |Control |0.5 ml/L 1.0 ml/L | Mean Control |0.5ml/L |1.0 ml/L | Mean
60% 5.30d 6.60 ¢ 7.53b 6.48 B 5.50 7.23bcd|7.83bc |6.86 B
80% 5.63d 6.30 ¢ 7.53b 6.49 B 6.50 6.83cd [7.93bc |7.09B
100% 7.90 b 8.87 a 8.93 a 8.57A [8.00b 930a [9.57a |8.96 A
Mean 6.28 C 7.26 B 8.00 A 6.67C |7.79B (844 A

Yield and yield component. Data in Tables (5) and (6) indicated that yield and yield component
(bulb diameter, number of cloves per bulb, average weight of garlic clove and bulb fresh weight) of
garlic significantly affected by different irrigation levels and agrispon spray treatments during the
both seasons. Regarding the irrigation level, the bulb diameter, average weight of garlic clove and
bulb fresh weight was obtained by the highest irrigation level (100% IR); 80% irrigation level came
in the second option; while the lowest yield and yield component of garlic was obtained by the lowest
irrigation level during the both studied seasons. Number of cloves per bulb took another trend; 60%
irrigation level gave the highest number of cloves per bulb followed by 80% irrigation level; the
lowest number of cloves per bulb was obtained by 100% irrigation level. Despite the lowest irrigation
level in this study (60% IR) gave the highest number of cloves per bulb the 60% IR gave the lowest
fresh weight of garlic bulbs because it had the lowest value of average fresh weight.

As for the spray application of agrispon during the growing season; data in tables (5 and 6)
indicated that spray of agrispon 1.0 ml/L gave the highest bulb diameter, average weight of garlic
clove and bulb fresh weight followed by 0.5 ml/L; while the lowest bulb diameter, average weight of
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garlic clove and bulb fresh weight was obtained by control treatment during the two studied season.
Number of cloves per bulb had another trend; the highest values was obtained by control treatment
followed by 0.5 ml/L during the both seasons.

The interaction effect between irrigation level and agrispon application indicated that the highest
bulb diameter, average weight of garlic clove and bulb fresh weight was obtained by 100% irrigation
level combined with 1.0 ml/L of agrispon application; while the lowest bulb diameter, average weight
of garlic clove and bulb fresh weight obtained by 60% irrigation level combined with control
treatment. Number of cloves per bulb had another trend, the lowest values were obtained by 60%
irrigation level combined with control treatment during the both seasons. The same results was
obtained by Moustafa et al. (2017) who concluded that there are direct relations between yield and its
components of bulb weight and size due to available moisture at the time of irrigation for garlic. The
good irrigation management is considered one of the major agricultural practices affecting growth
development and final bulb yield and quality of garlic. Due to its sensitivity to water deficiencies, a
garlic plant requires irrigation frequency and adequate moisture to improve the yield and bulb quality
(Karaye and Yakubu, 2007). Moreover, Ahmed, (2006) mentioned that garlic plants doesn’t tolerate
the excess water and water stress which decrease bulb yield up to 60 % of irrigated water quantity.
However, there are direct relations between yield and its components of bulb weight and size due to
available moisture at the time of irrigation for garlic (Moustafa et al.,2017).

Concerning the effect of agrispon on yield and yield component, the same finidings were observed
by Karishma et al.(2019), Abdel Naby et al. (2012) and Elegba and Rennie , (1984) who stated that
agrispon is a biologically derived solution which enhance the soil fertility and plant growthln this
study, agrispon applied through foliar. It is better to discuss on foliar spray aspects. If it is applied in
soil, this discussion part is relevant.; agrispon also increases plant resistance under drought and
generally enhance plant growth.

Karishma et al.(2019) mentioned that using agrispon spray application twice during the growing
season increased crop productivity up to 49 % compared to the control treatment. The same results
were obtained by Tamak (1997) who reported improvement in the yield of various crops due to
application of agrispon.
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Table S. The effect of irrigation levels and agrispon spray application on neck diameter, bulb
diameter and number of cloves per garlic head during 2017-2018 and 2018-2019 seasons

Neck diameter (cm)
Irrigation 2017-2018 ‘ 2018-2019
levels (%) Application spray
Control 0.5ml/L|1.0 ml/L |Mean Control |0.5 ml/L 1.0 ml/L | Mean
60% 0.97b 0.97b [1.13ab 1.06 B 1.07 b 1.10b 1.23ab [1.13B
80% 1.10 ab 1.10ab |1.17 ab 1.12 A 1.20ab [1.20 ab 1.37 a 1.26 A
100% 1.13 ab 1.13ab [1.20a 1.15A 1.27ab 1.37a 143 a 1.36 A
Mean 1.07B 1.07B [1.16 A 1.18 B 1.22 B 1.34 A
Bulb diameter (cm)
Application spray
Control 0.5ml/L |1.0 ml/L |Mean Control 0.5 ml/L 1.0 ml/L | Mean
60% 3.77d 440cd |4.57c 4.24 C 3.77 ¢ 4.30cde [4.80bcd [4.28 C
80% 3.83d 4.63 ¢ 543ab [4.63B 4.03de [490bcd |543ab |4.78B
100% 4.47 cd 4.87bc |5.80a 504 A |4.63bcde|5.03abc [6.00a 522 A
Mean 4.02 C 4.63 B 526 A 4.14 ¢ 4.74 B 541 A
No. of cloves /bulb
Application spray
Control 0.5ml/L |1.0 ml/L |Mean Control 0.5 ml/L 1.0 ml/L | Mean
60% 13.7a 12.3ab [11.3bed |124 A 14.0 a 12.7 ab 120ab [12.9 A
80% 11.7 be 10.7 bed [10.0d 10.8 B 12.3ab [11.7Db 11.3b 11.8B
100% 10.7bcd  [10.7bcd [10.3cd |10.6B 11.7b 11.7b 11.7b 11.7B
Mean 120 A 11.2 B 10.6 C 12.7 A 12.0 AB 11.7B

Table 6. The effect of irrigation levels and agrispon spray application on garlic yield during
2017-2018 and 2018-2019 seasons

2018 ‘ 2019
Bulb fresh weight. (g)
Irrigation
levels (%) Application spray
1.0 1.0
Control | 0.5 ml/L | ml/L Mean Control | 0.5ml/L. | ml/L Mean
60% 22.3¢ 31.7d 36.5d ]30.2C 235e¢ 33.0d 37.0d |31.1C
80% 24.0 e 42.8 ¢ 52.8b |399B 244 ¢ 455 ¢ 55.0b |41.6B
100% 35.7d 533D 66.5a |51.8A 37.7d 46.2 c 70.8a | 51.6 A
Mean 273C 142.6B 51.9A 28.5C 41.6 B 543 A
Average weight of a clove (g)
Irrigation
levels (%) Application spray
1.0 1.0
Control | 0.5 ml/L | ml/L Mean Control | 0.5 ml/L | ml/L Mean
60% 1.63 g 2.57 ef 3.23de | 2.48C 1.67f 2.60 ¢ 3.07d ]2.44C
80% 2.07fg |4.03c¢ 530b | 3.80B 1.97 f 3.90 c 4.83b |3.57B
100% 3.37cd |5.00b 647a | 494 A 3.23d 4.00 c 6.07a | 443 A
Mean 256C |3.87B 5.00 A 2.29C 3.50B 4.66 A
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NPK percentages. Data in Table (7) show the NPK for different treatments during the two
seasons; the highest NPK was obtained by 100% irrigation level followed by 80% irrigation level
during the both seasons. The lowest NPK percentages were obtained by 60 % irrigation level.
Regarding the application spray with agrispon; the highest NPK percentages were obtained by
1.0 ml/L of agrispon spray application; while the control gave the lowest NPK percentages during the
both seasons. The interaction effect between irrigation level and agrispon application indicated that
100% irrigation level combined with 1.0 ml/L of agrispon spray application gave the highest NPK
percentages during the both season. The lowest irrigation level combined with control gave the lowest
NPK percentages. These results agreed with Bagali et al., (2012) who stated that increase in the plant
and bulbs physical characteristics due to the loss of water through evapotranspiration which is being
replenished by this level at the moist root zone of the plants. Furthermore, keeping soil moisture in
the root zone at low tension insure adequate soil water content and better nutrients availability for the
plant throughout the period of crop growth (Abdrabbo et al., 2014). The proper availability of
moisture in the soil created good conditions for increasing the mobility of nutrients in the soil and
consequently increased the minerals uptake by the plants (Ezzo et al., 2010). Regarding the effect of
agrispon, Rakesh and Agarwal (2014) stated that agrispon application enhanced fertilizer use
efficiency than the control treatment. Nutrient uptake increased with agrispon two sprays compared
application once or control treatments. Abdel Nabi et al (2014) mentioned that application with
agrispon led to enhance the plant growth which promote nutrient uptake during the growing season
which led to increase the nutrient concentration in plant tissues.

Table 7. The effect of irrigation levels and agrispon spray application on NPK of garlic leaf
during 2017-2018 and 2018-2019 seasons

2018 | 2019
N%

Irrigation
levels (%) Application spray

Control |0.5ml/L |1.0 ml/L |Mean Control |[0.5ml/L |1.0 ml/L | Mean
60% 3.13g |3.57f 3.80¢ 3.50C [333¢g 3.80f 4.04¢ [4.69C
80% 345f |3.90de |4.15bc [3.83B [3.67f 4.16de (4.42bc |4.08B
100% 4.68a (4.14cd |4.40Db 441 A 1499 a 441 cd (468D [4.72A
Mean 375C |3.87B |4.11 A 4.00 C 412B [438A

P%
Irrigation
levels (%) Application spray

Control [0.5ml/L |1.0 mI/L | Mean Control 0.5 ml/L |1.0 ml/L | Mean
60% 0.31e [0.38bcd |0.41bcd [0.37B [0.31d 0.38 bcd |0.41bc (0.37B
80% 0.37de [0.40 bed |0.44 abc |0.40 AB [0.37cd [0.42abc |0.47ab (0.42B
100% 0.38 cde [0.45ab |0.50 a 044 A (040bcd |0.47abc |0.52a [0.46A
Mean 0.35C [041B |045A 0.36C 042B 047 A

K%
Irrigation
levels (%) Application spray

Control |0.5ml/L |1.0 ml/L |Mean Control |[0.5ml/L |1.0 ml/L | Mean
60% 3.10e [3.27df |3.68c¢ 335C [3.04¢ 347cd |3.64c [3.38C
80% 335d |3.59¢ 4.05b 3.66 B [3.30de 3.70 ¢ 393b |3.64B
100% 3.67c |3.94b 432 a 398 A ([3.57cd (399D 423a [393A
Mean 337C |3.60B |4.02A 331C 372B |393A
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Green water footprint. Data in Table (8) show the total rainfall for Dokki location during garlic
growing seasons of 2017/2018 and 2018/2019. The average total yearly rainfall for Dokki location
was 22 mm and this range was not effective rainfall. The garlic gown in Egypt depends on irrigation
water not rainfall irrigation. In this study the green water footprint value equal nearly zero because
the amount of monthly rainfall was a small value and this is not consider an effective rainfall.

Table (8) presented that the crop water use (CWU), yield and blue water footprint data shown that
blue water footprint for garlic was lower at 100% irrigation level recorded 489 m3/ton and the highest
garlic blue water footprint was found at 80% irrigation level recorded 534 m3/Ton.

As shown in Table (8) an important parameter in the calculation of the grey water footprint of
garlic products is the fraction of nitrogen that leaches, or runs off to surface waters. The number of
10% is used throughout the literature for all countries and crops (Mekonnen and Hoekstra, 2011a).The
water footprint (GWFP) for garlic 77 to 127 m3/ton. In fact, irrigation level and yield under different
treatments can be affected by the grey water footprint. The highest garlic grey water footprint was
found at 60% irrigation level recorded 127 m3/ton. The total water footprint for garlic under Egyptian
condition ranged from 489 to 534 with average 525 m3/ton.

This result was agreement with (Mekonnen and Hoekstra, 2011b) who found the GWF for garlic
was 145 m3/ton and GWF plus BWF for garlic was 390 m3/ton and the water footprint for garlic was
536 m3/ton.

Table 8. Crop water use (CWU m?/fadden), garlic yield (Ton/ fadden.), blue (BWF), gray
(GWF) and water footprint (WFP)

Irrigation
levels Yield (ton /fed.) CWU BWF | GWF | TWF
2017/2018 | 2018/2019 | Average
60% 4.96 5.22 5.09 2076 408 127 534
80% 6.04 6.37 6.21 2768 446 105 551
100% 8.33 8.47 8.40 3460 412 77 489
average 422 103 525

BWEF = blue water footprint
GWF= grey water footprint
TWEF = total water footprint

Conclusions

Current study revealed that use 100% irrigation water combined with spray of agrispon twice
during the growing season led to increase the productivity of garlic in clayey soil. The water footprint
is a new and important tool that has been in use for only about a decade, but has already done a great
deal in raising awareness about the critical importance of water use and the “hidden” water associated
with production in modern society. The blue water footprint under this study for garlic grown in Egypt
condition was 422 m>/ton about 80% of total water footprint, while grey water percentage about 20%
with value of 103 m?/ton. The estimated water footprint for garlic of this study was 525 m*/ton. The
water footprint analysis is going to be used as a tool for water resources management; it should
probably be expanded to include the localized impact on water resources, taking into account quantity
and quality of local water resources .
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