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ABSTRACT
To evaluate the effect of deficit irrigation and partial root zone drying on the
KEY WORDS: _ water consumptive use, growth and yield of faba bean (vicia faba L.) in a
deflmg w_nggt;otr)\; Eart"_ﬂ' root  gvnsiferous soil, a field experiment was conducted using a completely
(Z:gﬂgun%'t?c?n jse&,l g’;%r;’if\évrzts; randomized block design with three replications. The study included seven
’ irrigation treatments (full irrigation as a comparison treatment (F), adding

soil 25% of the water requirement when depleting 50% (Dlss%), adding 25% of

the water requirement when depleting 75% (Dlso%), adding 25% of the water
Received: 02/01/2024 requirement when 50% is depleted on both sides of the root system (FP2sy),
Revision: 18/03/2024  adding 25% of the water requirement when 75% is depleted on both sides of
Proofreading: ~ 05/04/2024  the root system (FPsos%), adding 25% of the water requirement when 50% is
Accepted: 20/04/2024  depleted, alternating on both sides of the root system (AP2ss), and adding

Available online: 30/06/2024 250, of the water requirement when 75% is depleted, alternating on both
sides of the root system (APsow). The seeds of the faba bean crop (Barcelona
variety) were planted for the season on 16/10/2021, and the experimental

© 2024.This is an open access  treatments were applied immediately after emergence. The experimental

article under the CC by plants were harvested on April 2, 2022, and some growth and yield traits of

licenses faba bean crop were measured. The results showed that partial drying of the
http://creativecommons.org/lic  alternating roots APsy used the lowest water consumption of 245 mm and
enses/by/4.0 gave a seed yield of 5186.3 kg ha? while the Dlsoy, deficient irrigation

treatment gave the highest dry weight of the root system of 25.6 g plant™.
@ ® The results of this experiment will help increase farmers’ awareness of water

resource management and contribute to rationalizing consumption.
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INTROUCTION

The deficit in water resources constitutes one of the most important and biggest
challenges facing irrigated agriculture in the world with the increase in demand and cultivated
area in the world in most cases, the amount of available water is not sufficient to cover crop
requirements (Ingrao et al., 2023). So, in order to solve the problem of water lack, it is essential
to think of new techniques that help in the optimal use of water resources, for instance partial
root-zone drying (PRD),and the deficit irrigation (DI) (Igbal et al., 2020 and Jebril et al., 2023).
Deficit Irrigation is conceded as one of the important methods used to increase water use
efficiency (WUE) (Zou et al., 2020). That's a higher production per unit of irrigation water added
by exposing the plants to certain levels of water stress during a stage of growth or at all stages of
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plant growth to reduce the number of irrigation units or reduce the amount of water per irrigation
without significant impact on yield reduction (Kirda, 2002; Abdulmageed, 2023). Fereres and
Soriano (2007) identified irrigation as the method by which optimum economic production can
be obtained when water is scarce, it is the method by which the maximum yield can be found
with the least quantity of irrigation water. Partial root-zone drying, PRD, method is rationalizing
the consumption of irrigation water, Which was developed by deficit irrigation, and the
mechanism of this method depends on irrigating part of the root zone while leaving the other part
dry or adding water to a part of the root zone in the first irrigation and the other part in the next
watering and keeping the wetting and drying process continuous alternately (English, 1990; Dry
et al., 1999). Li et al, (2007) also emphasized that partial drying is a new technology aimed at
saving water and increasing water use efficiency without negatively affecting yield production.
Faba Beans (Vicia faba L.) are a leguminous seed crop (Dhull et al., 2022 and kudury et al.,
2023). It is grown for its nutritional importance, primarily for protein content (The percentage of
protein in the seeds is about 28 to 35%, carbohydrates, oils, and mineral salts, especially calcium,
iodine, fiber, and vitamins, including A, B, and B, (Meng et al., 2021). In addition to human
food use, it is also used in the food industry, the roots of the plant have a certain role in
improving soil fertility through the process of nitrogen fixation in the soil by Rhizobia bacteria
(Youseif et al., 2017, Altai et al., 2022; Kader et al.,2023 ). Some studies mentioned that the
bean crop responds to a lack of irrigation by up to 50% without affecting yield significantly
(Uwanyirigira et al, 2023; Al-Obaidy et al., 2023). Hirich and Choukr-Allah (2014) showed that
the application of deficit irrigation with 50% of the crop water requirement during the vegetative
growth stage gave the highest yield and the highest water productivity compared to the full
irrigation treatment, and it also provided 17% in the amount of water.

Gypsum is considered a rock-forming mineral that also occurs in soils. In arid and semi-
arid environments, gypsum can be a significant soil component (Kamal and Rashid, 2020).
Gypsiferous soils are defined as soils in which gypsum (CaS04.2H20) accumulates, so that it has
a significant effect on plant growth (Farhan and Muhawish, 2022). Gypsum soils cover large
tracts of land in the center and north of the Iraq sedimentary plain (Al-Jumaily et al., 2022). Most
of these lands suffer from multiple problems affecting their agricultural productivity (Ismaeal,
2022). Gypsiferous soils are characterized by low water retention and nutrients, this depends on

the characteristics of gypsum minerals (Al-Kayssi, 2022). The decline in land productivity
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resulting from drought conditions and unplanned human activities that lead to soil pollution and
deterioration of its quality, increased calls for the application of water management methods that
have proven their efficiency in irrigating different crops (Sobreiro et al.,2023). Therefore, this
research aims to study the effect of (DI) and (PRD) on the efficiency of water consumption use,

growth, and yield of Faba bean in gypsiferous soil.

MATERIAL AND METHODS

A field experiment was carried out to study the effect of deficit Irrigation and partial root
zone drying on the efficiency of water consumptive use, growth, and yield of faba bean (Vicia
faba L.) cultivar Barcelona of Spanish origin during the 2021-2022 winter season in the fields of
Agriculture College, Tikrit University, which is located on Latitude 49° 40’ 34" North and
Longitude 40° 38’ 43" East At an altitude of 129 m above sea level. Soil samples for a depth of
0-0.3 m were taken from five sites of the field designated for the study before planting. The soil
samples were air dried and passed through a sieve of 2 mm diameter to estimate some physical
and chemical properties of the soil according to Bremner (1965) and Black (1965) as shown in
table 1. The land was plowed and the field was leveled and divided into three main sectors. The
experiment's field was plowed and divided into three main blocks, and divided into planks with
dimensions of 3 x 3 m. Seeds were planted at distance 0.25 m between plants and 0.50 m
between two rows. Planting date was the 16™ of October 2021 by using two seeds in each hole.
The two plants were thin two weeks after emergence. NPK fertilizer was added as urea (46% N),
Super Phosphate (21% P), and potassium sulfate (43% K) at a rate of 50,100 and 60 kg K ha
respectively, for all treatments when planting, manual weeding was conducted periodically for
all treatments.The experiment included seven irrigation coefficients, as shown in table 2.
Randomized Complete Block Design was used with three repetitions. The data were statistically
analyzed and the means were compared to the least significant difference (L.S.D) test at the 5%

level.
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Table 1. Some physical and chemical characteristics of gypsiferous Soil that used in the
experiment.
Soil traits Unit Quantity
Volumetric moisture content at 33 kPa 0.32
Volumetric moisture content at 1500 kPa cm®cm® 0.13
available water 0.19
bulk density Mg m 1.45
EC, electrical conductivity dS m at 25°C 2.77
pH 7.18
Available P mg kg! 26.45
Organic Matter 5.34
CaS04.2H20 g kgt 180.46
CaCOs3 179.25
Mg 2. 65
Na 3.38
K 1.91
Ca 5.26
Cl meq L* 4.21
SO 4.54
CO73 Nil
Table 2. Experiment coefficients and treatments description
Treatment  Description Treatment

FI

Dl2sos

Dlsoo

FP259

FPso09%

AP259

APs00%

This treatment is irrigated when 50% of the prepared water is completely drained
This treatment is irrigated when 50% of the prepared water is drained by adding 25%
of the water needs (decreasing 25% of the water needs)

This treatment is irrigated when 75% of the prepared water is drained by adding 25%
of the water needs (decreasing 50% of the water needs)

This treatment is irrigated when 50% of the prepared water is drained by adding 25%
of the water needs (decreasing 25% of the water needs) Irrigation water is added to
one side of the root zone throughout the growing season

This treatment is irrigated when 75% of the prepared water is drained by adding 25%
of the water needs (decreasing 50% of the water needs) Irrigation water is added to
one side of the root zone throughout the growing season

This treatment is irrigated when 50% of the prepared water is drained by adding 25%
of the water needs (decreasing 25% of the water needs) Irrigation water is added to
one side of the root zone with other alternative throughout the growing season

This treatment is irrigated when 75% of the prepared water is drained by adding 25%
of the water needs (decreasing 50% of the water needs) Irrigation water is added to
one side of the root zone with other alternative throughout the growing season
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Calculation of irrigation water:

The irrigation amount was calculated by measuring the water that added to the field during
growth season using the following equation

| = (PWF.C—PWPWP

)Pb x Md x d x AW (1)
100

Where: It was the amount of irrigation water that added to the field during growth season (mm)
PW F.C was gravimetric moisture content at field capacity (%)

PWPWP was gravimetric moisture content at permanent wilting point (%)

Pb was bulk density (Mg m™)

Md was Moisture depletion rate (%)

D was root zone depth (mm)

AW was wetted area ratio (%)

AW was calculated from the following equation:
AW == x 100 2)

Where: Sw was the diameter of the wetted area, which reached 0.40 m (the width of the wet
strip, and it may be measured in the field)

Sl was the interval between drip lines 0.75 m

As per the time required for operation from the following equation::

IxSexSl
T= 3
Q ( )

| was total irrigation depth (mm)

T was Operating time (hours) per dripper

Se was interval between the drippers along the drip tube (m)
Sl was separator between drip tubes

Q was Dripper discharge (L h™)

The field water use efficiency (WUEs) was calculated using the following equation (Hansen et
al., 1980):

WUECc = Y/ ETa 4)
Where,
WUE_. was crop water use efficiency (kg m™).

Y was grain yield (kg).
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ET. was evapotranspiration - actual (M2 season 1).

RESULTS AND DISSCUSION

The amount of water consumptive use decreased with treatment in order Fl, Dl2sy, Dlsoo,
FP2s59%, FPs00, AP2s%, APso, respectively, and it showed in figure 1. The highest amount was 635
mm in treatment FI. The other treatment reduced by 30, 43, 45, 54, 53, 61 % for Dlsew, Dlsosw,
FP25%, FPs00, AP25s0%, APsoys compared with FI treatment respectively, so the Indemnity for water
add to treatment was reduced in order showed above. The application of the partial drying
method of the root zone gave the lowest values of the water added depth in addition to reducing
the number of irrigation during the growing season, which led to a reduction in the total depth of
the added water compared to other treatments of incomplete irrigation or full irrigation, this can
be attributed to the drying to which part of the root zone is exposed leads to plant water stress
and this leads to the occurrence of sending physiological signals from the root system to the
leaves, Via stem through abscisic acid, cytokinin, and ethylene. This leads to the partial closure
of the stomata and decreases Transpiration from plant leaves (Schachtman and Goodger, 2008).
At the same time, the other part of the root system continues to supply the plant with water
growth, the application of a drying and mutual wetting system increases the efficiency of this

method and regulates the water consumption of the crop (Hu et al., 2011).
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Figure 1. Effect of deficit irrigation and partial root-zone drying on the water consumptive use
of faba bean (Vicia faba L.) in a gypsiferous soil

Even the FI and AP25% had a higher plant highest, there were no significant different among all

the treatments (figure 2A). The increase in plant height when applying alternate partial drying
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compared to other treatments can be attributed to the effect of partial alternating drying on
increasing abscisic acid secretion in the roots, which subsequently works to reduce water loss
from the plant by partially closing the stomata and reducing the negative effect of stress. Water
on plant growth (Kang and Zhang, 2004). Also, the decrease in the average plant height was
significant when applying deficient irrigation can be explained by the fact that the bean length is
affected by the water stress resulting from irrigation lack (Galvao et al., 2019; Mahdii et al.,
2023).
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Figure 2. Effect of deficit irrigation and partial rootzone drying on (A) plant height (cm), (B)
leaf area index of faba bean (vicia faba L.) in a gypsiferous soil

Also, the FI treatment achieves the highest leaf area index (4.83 cm?) superior to all other
treatments, by 11.80, 16.38, 18.11, 35.67, 52.67, and 59.93% compared to A P25%, A P50% F
P25%, F P50%, D125%, and DI50% respectively(figure 2B). The decrease in leaf area index for
other treatments may be attributed to the greater effort of plants to extract water once soil water
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content was less, and this situation causes the consumption of part of the output of
photosynthesis and energy in the plant to face this stress and extract water, this reduces the plant
capability to build new cells in the leaf and expand, and later reducing the paper space and leaf
area index (Burroughs et al., 2023). The decrease in the leaf area with the decrease in the level of
irrigation can be attributed to the lower level of irrigation than covering the water needs of the
crop, as well as the environmental conditions and the gypsum soil conditions, which affect the
increase in the water needs of the plant. This exposure plant to water stress, and leads to weak
plant growth, with low leaf area (Seleiman et al., 2021). Number of pods plant™ was affected by
irrigation treatment. The A P25% treatment achieved 7.96 pods plant™ highest superior to all
other treatments except FI treatment, which also increased by 16.09, 31.38, 28.11, 51.30, 52.67,
and 67.38% compared to, A Pso%, FP25%, FPs0%, DI25%, and Dlso% respectively, (figure 3A).
The alternate drying of the root zone is one of the important means to increase plant production

and its components when water resources are scarce (Igbal et al, 2020).
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Figure 3. Effect of deficit irrigation and partial rootzone drying on (A) pods no. plant™, (B) dry
weight, g plant?, (C) root weight g plant?, (D) yield kg ha, of faba bean (vicia faba L.) in a
gypsiferous soil.
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Figure 3B showed the dry weight of plant shoots. FI treatment achieves the highest value with
83.62 g plant™ and it was superior to the other treatments except A P25%, which also increased
by 15.16, 23.26, 25.61, 32.01, and 40.82% compared to A P50 F P25 F P50 DI25 and DI150%
respectively. The dry weight of the shoot decreased significantly with the decrease in the level of
water irrigation. The treatment of deficit irrigation DI50 % achieves the lowest average dry
matter weight with 59.38 g plant™. This can be attributed to the fact that the level of irrigation
water is too shallow to meet the crop's water requirements and lead to a decrease in dry matter
accumulation by photosynthesis (Ulyanych et al., 2021). Also, the application of partial drying
increased the efficiency of the rootstock to use available irrigation water in an optimal manner
(Yazar et al., 2017).

As shown in figure 3C, dry weight of the root system increased significantly with the decrease in
irrigation level. The treatment of deficit irrigation and fixed partial drying outperformed the
weight of the plant root system while full irrigation treatment (figure. 3), gave the lowest average
weight of the dry root system, with 18.4 g plant™, and DI50 % deficit irrigation treatment chives
25.6 g plant™. This can be attributed to the fact that the root system contains less tissue when
compared to the vegetative group because it needed less amount of photosynthesis products.
Therefore, the effect of lack of irrigation on the level of water requirements for the plant and the
increase in water stress to which the plant is exposed affect the root system less than the
vegetative group. Also, water decrease can lead to stimulated roots to elongate and spread to
search for moisture. This was known as hydrotropism. This elongation and separation of the root

system leads to an increase in the dry weight of the roots (Sperry et al., 1998).

Figure 3D presented that the yield decreased significantly as the level of irrigation decreased too.
The highest value was 5186.3 kg ha' with full irrigation treatment while deficit irrigation
treatments D125% and D150% were achieved. 3959.2, and 3774.8 kg ha?, respectively. This can
be attributed to the effect of water stress created by a lack of irrigation, which reduced vital
processes and leads to a reduction of the accumulated matter from the photosynthesis process,
which consequently leads to a decrease in the seed yield (Essa et al., 2023). The application of
partial drying of the root zone conduces to an increase in the yield compared to the deficit
irrigation treatments, where the alternating partial drying treatment A P25% achieves a seed
yield of 5070.6 kg ha*. This can be attributed to the fact that the plants under the partial drying
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system were not exposed to water stress compared to the deficient irrigation treatments.
Therefore, the seed yield was not affected significantly and it gave better results (Belachew et
al., 2019).

For the Crop Water Use Efficiency (WUECc) it showed in figure 4 that values of crop water use
efficiency (WUEC) increased significantly as the level of irrigation decreased. The water use
efficiency reached the highest value of 0.2 kg m-2 in APsoy. Partial drying treatments generally
gave lower values in this research. This result was related to the amount of water consumed by
the crop compared to the crop close to the full irrigation treatment. Also, the obtained results can
be attributed to the fact that the reduced amount of irrigation water below the level of the crop
water requirements possibly stimulates the root system to absorb the largest possible amount of

irrigation water which leads to an increase in the efficiency of water use (Phene et al., 1990).

Water Use Efficiency, Kg m™

Irrigation Treatments

Figure 4. Effect of deficit irrigation and partial rootzone drying on the Crop Water Use
Efficiency (WUEc) of faba bean (Vicia faba L.) in a gypsiferous soil

Uptake the elements of N, P, and K mg kg? in the dry matte weight with different irrigation
treatments were showed in figure 5 (A, B, and C), the highest values were 1240, 210, and 1782
mg kg? N, P, and K nutrients, respectively in AP25% treatment with a significant increase
compared to all treatments. This can be attributed to the fact that the application of partial drying,
increased the ability of the plant to absorb nutrients from the soil (Etemadi et al., 2019). Dlso%
treatment recorded the lowest value by 930, 122, and 1356 mg kg™ for N, P, and K nutrients
uptake because the lack of added irrigation water led to less movement of water and nutrients to
the plant (Awadalla et al., 2018 and Ghanem et al.,2023).
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Figure 5. Effect of deficit irrigation and partial rootzone drying on the uptake (A) N mg Kg*, (B)

K mg Kg?, and (C) P mg Kg of faba bean (Vicia faba L.) in a gypsiferous soil.

Faba bean is one of a central crop that counted as source of protein for animal and human

consumption. Irrigation treatment can modify the amount of protein in faba bean seed. Figure 6

showed the effect of deficit irrigation and partial root-zone drying on the protein percentage in
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seeds, the amount of protein decreased with increasing irrigation treatment amount. The higher
protein amount was observed when irrigation treatment was AP2s50.

These results may be due to the fact that protein is considered one of the indicators of plant
tolerance to water deficiency because a sufficient amount of water can cause hydrolysis and
catabolism of proteins and the secretion of proline as well as amino acids and ammonia. (Fayed
et al., 2018; Al-Badri, 2023).
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Figure 6. Effect of deficit irrigation and partial rootzone drying on the proten %

of faba bean (Vicia faba L.) in a gypsiferous soil.

CONCLUSION

We concluded through this study that the application of deficit irrigation and partial
drying of the root zone had reduced water consumption and increased water use efficiency.
These two applications achieve the goal of this study, which was to increase the productivity of

the water unit, especially partial root zone drying, but full irrigation gave higher yield.
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