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ABSTRACT

This study was aimed to mitigate the issue of drought in potato production and quality using
number of sustainable strategies. The experiment carried out at vegetable field of the College
of Agricultural Engineering Sciences - University of Baghdad during spring season 2023. The
experiment was conducted using split arrangement within Randomized Complete Block
Design with two factors and three replicates (2X6X3). Applying TiO,-NPs represented the
first factor (main plot) (10 mg.L™), which symbolized (To, T.). six treatments were included to
represent subplots (regular irrigation interval (I) prolonged irrigation interval (D), fungal
biofertilizers (Dg), fungal biofertilizers + mannitol (Dgn), fungal biofertilizers +xanthan (Dgy),
fungal biofertilizers + mannitol+ xanthan (Dgwmz). Results showed the superiority of spraying
TiO2-NPs in all yield traits. Also the results revealed interaction treatment T;Dgmx in
producing significant results the entire vegetative growth traits and stress related enzymes
concentrations in compare to control treatment TD.
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INTRODUCTION

The threats of climate change, drought,
demographic development, and the reduction
in arable land have raised concerns about food
security and malnutrition throughout the past
20 years in lraqi (7). Securing nutritious and
healthy food has grown to be an issue with
significant obstacles at various levels.
Therefore, the solutions that be taken must
reconsider in terms of introducing new
drought-tolerant crops, Moreover, improving
the sustainability and efficiency of the utilized
resources; such as soil and plant resources, by
optimally exploiting them using
environmentally friendly and inexpensive
tools, in addition to improve the nutritional
value of the produced crop so that the
individuals do not experience what is called
hidden hunger. (35). Therefore, using
economic, clean and sustainable methods is
one of optimal solutions proposed to confront
these  threats  (15).Potatoes  (Solanum
tuberosum L.) rank among the most crucial
strategic crops globally, forming the
foundation of food security for many
populations, as a result of the presence of the
three foundational elements of food security,
which include availability, accessibility, and
stability (14, 22). Consequently, addressing the
challenges posed by Irag's climatic dilemma
through the implementation of sustainable and
eco-friendly solutions that could help crop
productivity in drought conditions, while also
improving the nutritional quality of potatoes;
even more; those sustainable tools preserve
and rebuild soil resource (26). When it comes
to drought resistance, titanium oxide is one of
the most standard and efficient compounds.
Spraying the aforementioned substance has
been the focus of several studies in an effort to
lessen the effects of salt and water stresses
(29).TiO,-NPs had shown to promote growth
metrics such as shoot biomass and chlorophyll
concentration under stress conditions in many
crops (11, 12, 23, 24) TiO,-NPs has been
linked with lowering oxidative stress markers
in plants under stress conditions (1, 16).
Moreover; TiO,-NPs raise photosynthesis
efficiency through boosting the activity of its
key enzymes including Rubisco (28, 30). It is
evident that sustainable improvement for soil
resources is achieved by biofertilizers since
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they promote soil microbial community over
time and that reflects on plant productivity (4,
21, 34). They considered a continuous source
of improvement by increasing the solubility of
the nutrients (2), promoting organic matter
biodegradation (8), and excreting beneficial
hormones (3), Khosravifar et al (25) reported
that mycorrhizal fertilization for potatoes
conducive to yielding significant findings in
leaf area index by 60%, Shoot dry weight by
40%, and tuber yield by 36% compared with
non-inoculated plants under water deficit
conditions. Mannitol demonstrated to play a
role in controlling photosynthetic capacity
(13). Mahdy et al (27) found that treating corn
plant with  mannitol and mycorrhiza
biofertilizers produced significant dry matter,
chlorophyll concentration, and N
concentration under drought conditions. A
biodegradable and eco-friendly tool to drought
is the use of xanthan gum, which improves soil
water retention (10). Xanthan gum is
categorized as a polysaccharide (biopolymer)
with drought-resistant microbiological and
physical characteristics (31). According to
Tran et al. (32), adding xanthan gum to soil
increased its water retention and increased
lawns' resilience to water deficiency. Thus, the
study sought to address the issue of drought
and try to mitigate it using a number of
strategies that have been shown in several
studies to be beneficial in reducing water
stress with a sustained effect, including natural
titanium dioxide, sugars, biofertilizers, and
biopolymers. Thus, in addition to boosting
output and enhancing quality, this could
helped create an environment that aids plants
in fending off the negative consequences of
stress.

MATERIALS AND METHODS

Field preparation, planting, harvest: The
research station (A) of the College of
Agricultural Engineering Sciences, University
of Baghdad (Al-Jadiryah), was the site of this
experiment in the spring season of 2023. The
chemical and physical properties of the soil are
displayed in Table (1). Santana hybrid class
(Elite) potato tubers were planted in a single
row in the center of the furrows on January 28,
2023. There was drip irrigation installed in the
field. Plants were spaced 0.25 meters apart
from one another and 0.75m among rows.
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Planting density was 53333 plantha™. After
120 days of planting, every plot was harvested.
Table 1. Physical and chemical properties

of the soil

Character Value
pH 6.16

EC.. (ds.m™) 390.8
Total N (mg kg™) 53.8
P (mg kg™) 125

K (mg kg™) 168.8
Ca (mg kg™) 185.8
Mg (mg kg™) 168.8
Fe (mg kg™ 1.4
Na (Meq L™) 59.8
Cl' (Meq L™ 49.8
SO,? (Meq L™ 205.8
HCO; (Meq L™ 475.8
O.M. (%) 9.1
Gypsum (%) 318.8
Sand (%) 10.8
Silt (%) 38.8
Clay (%) 46.8

Texture Clay loam

Experimental design

The experiment was implemented by using
split plot arrangement within Randomized
Complete Block Design with three replicates
(2X6X3), in  which titanium dioxide
represented the main factor with two
concentrations (0, and 10 mg.L™) which
symbolized (To, Ti), six treatments were
included to represent subplots (drought
mitigation strategies DMS) (regular irrigation
interval (1) (as control) (4 days), prolonged
irrigation interval (D) (8 days) according to
Al-Rubaie recommendation (5, 6), fungal
biofertilizers under (D), (Dg), fungal
biofertilizers + mannitol under (D) (Dgwm),
fungal biofertilizers +xanthan under (D) (Dgy),
fungal biofertilizers + mannitol+ xanthan
under (D) (Dgmz). Titanium dioxide (nano-
anatase) was applied three times following the
growth cycle of the potato plant; specifically,
the initial application occurred during the
vegetative growth phase, the second
application took place at the tuber initiation
stage, and the final application was done
during the tuber enlargement stage. Fungal
biofertilizers (mycorrhizae Glomus
intraradices + trichoderma  Tricoderma
asperellum) mixed with corn cobs residues (50
spores.1g™) and positioned as a pad beneath
the tuber during planting in the soil at a dosage
of 20g for each tuber. Xanthan gum mixed
with the soil at 1% percent before planting.
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Mannitol injected three times at a
concentration (30mM.L™) according to the
mentioned potato growth cycle in rhizosphere
zone.

Study traits

Field traits: Vegetative traits were fixed,;
chlorophyll concentration in leaves (mg.100™g
FW) (18), leaf area (dcm?), vegetative dry
biomass (g.). The measured vyield traits were
tuber weight (g), tuber dry matter percent (%),
and marketable yield (ton.ha™).

Laboratory traits (Stress combating
indicators): Stress combating indicators were
determined in plant laboratory/ office of
agricultural researches/ ministry of science and
technology. The traits were detected as
follows: leaves ascorbic acid concentration
(mg.100g f.w.) (20), leaves peroxidase and
catalase enzymes concentrations (unite.ml™)
(33) (19).The data were analyzed through
analyses of variance and the averages were
compared using L.S.D. test under
5%probability.

RESULTS AND DISCUSSION

Vegetative growth traits

Results in table 2 reveal that spraying
Titanium dioxide (nano-anatase) has a
significant influence on potato plant leaf area
(68.39 dcm?), and canopy dry weight (75.83
g), when compared to non-spraying (To)
(64.56 dcm? 267.9 mg.100g™ f.w., 68.94 )
respectively. Table 2 also reveals that normal
irrigation treatment (1) produced the highest
plant leaf area (75.02 dcm?), chlorophyll conc.
(325.8mg.100g™ f.w.), and canopy dry weight

(88.67.5g). However; drought mitigation
treatments had a profound impact in
alleviating water stress. In fact; the most
superior treatment is Demx

(bifertilizer+mannitol+xanthan); which comes
after (1) treatment in the mentioned treatments
(70dcm?,  296.8mg.100g*  fw.,  80.5Q)
respectively , in compare with the lowest traits
with untreated plants under drought conditions
which show noticeable reduction in all
mentioned traits. Interaction between titanium
dioxide and drought mitigation treatments
produces significant findings in plant height
and canopy dry weight, in which Tl exhibits
superiority in producing the largest plant leaf
area (78 dcm?®) and the heaviest dry canopy
weight (91g). However; TiDgwmx treatment
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doesn’t significantly differ from Til in dry
canopy weight (87g). Even more; it reveals
superiority over all drought treatment in
producing the highest leaf area (70. 33 dcm?).
The smallest leaf area (51 dcm?) and the
lightest vegetative dry weight (54.67g) found
in untreated plants under drought conditions
(ToD).

Stress combating indicators

Spraying TiO,-NPs shows significant impact
over none spraying in all stress combating
indicators (Table 3). Drought mitigation
treatments show significant superiority in the
entire stress combating indicators (Table 3). In
fact; plants treated with bio fertilizers,

biopolymer, and mannitol under drought
conditions significantly accumulated Ascorbic
acid (48 mg.100g f.w.™") peroxidase enzyme
(0.465 unite.ml™) catalase enzyme (31
unite.ml™) in their leaves over all other
treatments. While the lowest concentrations
found in regulary irrigated potato leaves (I)
(37.33 mg.100g f.w.2,0.178 unite.ml™, 11.45
unite.ml™)  respectively. The interaction
between TiO,-NPs and drought mitigation
treatments conducive to significant results in
catalase enzyme individually. T1Dgmx has the
elevated concentration (33.63 unite.ml™) in
comparing with Tol treatment (11.57 unite.ml’

).

Table 2. Effect of titanium dioxide (T), and drought mitigation strategies (DMS):
biofertilizers (B), mannitol (M), and xanthan gum (X) on vegetative growth traits of potato
plant under drought conditions

traits Plant leaf area (dcm?) Chlorophyll conc. (mg.100g™ f.w.)  Canopy dry weight (g)
treatments
-
To (control) 64.56 267.9 68.94
T, 68.39 289.6 75.83
LSD(o.05) 2.163 N.S. 2.886
DMS
I (irrigated (control)] 75.02 325.0 88.67
D [drought] 54.17 227.3 56.50
Dg 63.67 265.3 66.33
Dgwm 67.33 273.7 68.83
Dgx 68.67 284.3 73.50
Damx 70.00 296.8 80.50
LSD(o,05) 2.205 12.38 3.734
T XDMS

Tol control) 72.03 336.5 86.33
ToD 51.00 206.7 54.67
ToDg 60.67 255.0 63.00
ToDgwm 66.00 266.7 66.33
ToDgx 68.00 275.7 74.00
ToDemx 69.67 290.0 69.33
Tl 78.00 313.3 91.00
T.D 57.33 248.0 58.33
T.Dg 66.67 275.7 69.67
T.Dgwm 68.67 280.6 71.33
T1Dgx 69.33 293.0 77.67
T:Dgmx 70.33 303.7 87.00
LSD(o.05) 3.018 N.S. 4.148
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Table 3. Effect of titanium dioxide (T), and drought mitigation strategies (DMS):
biofertilizers (B), mannitol (M), and xanthan gum (X) on drought stress combating
indicators of potato plant leaves under drought conditions

traits Ascorbic acid (mg.100g f.w.”  peroxidase enzyme(unite.ml™) catalase enzyme
treatments %) (unite.ml™)
T
To (control) 41.56 0.325 20.65
T 44.94 0.406 25.06
LSD(o.05) 1.673 0.026 1.206
DMS

| irrigated 37.33 0.178 11.45
(control)]

D (drought] 42.17 0.320 16.67
Dg 44.17 0.381 23.66
Dgm 44.33 0.415 26.50
Dgx 43.50 0.435 27.83
Demx 48.00 0.465 31.00
LSD(5.05) 2.233 0.033 1.563

T XDMS
Tol (control) 36.00 0.146 11.57
ToD 39.67 0.280 14.67
ToDg 43.00 0.363 21.33
ToDem 43.02 0.373 23.32
ToDax 41.67 0.380 24.67
ToDemx 46.00 0.410 28.30
T, 38.67 0.210 11.33
T.D 44.66 0.360 18.67
TiDg 45.34 0.400 26.00
T1Dgm 45.66 0.456 29.66
T1Dgx 45.30 0.490 31.00
T1Dsmx 50.00 0.520 33.63
LSD(.05) N.S. N.S. 1.733
Yield traits lowest dry matter percent (20.4%).

Table (4) presents significant impact of
titanium dioxide spraying on the entire yield
traits. Indeed; T, shows superiority in dry
matter percent (21.7%), tuber weight (167.99),
and  marketable yield (75.9 ton.ha™) when
compared to the lowest in non-spraying (To)
Table (4) as well depicts that Dgvx treatment
significantly superior in dry matter percent
(22%), while (1) treated plant produced the
highest tuber weight and marketable yield
(195.8g, 79.1 ton.ha™) respectively and the
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Nevertheless; untreated plants under drought
conditions (D) revealed the most reduction in
tuber weight and marketable yield (117.5g,
53.9ton.ha!) respectively. As for interaction
between titanium dioxide and drought
mitigation treatments; Til reveals superiority
over all treatment in producing the highest
tuber weight (216.7 g). the lowest tuber weight
found in untreated plants under drought
conditions (T,D) (1069).
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Table 4. Effect of titanium dioxide (T), and drought mitigation strategies (DMS):
biofertilizers (B), mannitol (M), and xanthan gum (X) on yield traits of potato plant under
drought conditions

traits Tuber dry matter percent (%)  Tuber weight (g) Marketable yield (ton.ha™)
treatments
T

To (control) 21.4 146.6 64.6
T, 21.7 167.9 75.9
LSD(o.05) 0.133 10.14 2.15

DMS
I [irrigated (control)] 204 1958 791
D (drought] 21.4 1175 53.9
Ds 21.7 145.0 57.8
Dgm 22.0 148.3 71.1
Dex 22.0 161.0 81.5
Dewmix 22.0 175.8 78.1
LSD(o.05) 0.253 17.18 15.32
TOI (control) 204 175.0 69.7
ToD 21.2 106.7 43.9
ToDs 21.6 140.0 51.6
ToDewm 21.8 143.3 713
ToDgx 21.8 154.7 79.6
ToDemx 21.8 160.0 71.1
Tl 20.5 216.7 88.5
T.D 21.6 128.3 63.9
T1Dg 21.8 150.0 64.0
T1Dgwm 22.1 153.3 70.8
T1Dgx 22.2 167.3 83.3
T1Dgmx 22.2 191.7 85.1
LSD(p.05) N.S. 20.33 N.S.
The application of titanium  dioxide ability to absorb moisture, particularly during

nanoparticles resulted in obvious enhancement
in plant metrics. This might stem from its
work in altering the expression of many
proteins associated with photosynthesis,
energy metabolism, and antioxidant systems.
Even more; TiO: nanoparticles facilitate better
absorption of essential nutrients such as
nitrogen, iron, and magnesium. This supports
chlorophyll formation and overall plant fitness
(16). Under water stress conditions; bio
fertilizers  (mycorrhizae +  trichoderma)
demonstrated resilience and high performance
in entire plant metrics. This could be due to
their role in  extending the root system of
plants through their hyphal networks, allowing
access to water and nutrients in soil pores that
are unreachable by plant roots alone. This
capability significantly improves the plant's
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periods of low water availability (27).
Moreover; the increase in  enzymes
concentrations in those treatments could be the
cause of the significant results (Table 3). The
addition of xanthan gum to soil under stress
improves its inter-particle cohesion. xanthan
gum can significantly increase soil cohesion
up to three times greater than untreated soils
when the water content is reduced to certain
levels. This increase is attributed to the gel like
properties of xanthan gum, which create a
network that binds soil particles together (10,
31). The significant findings of mannitol
appeared to be caused by its role as osmotic
agent, creating a water deficit environment
that mimics drought stress. This mechanism
triggers  physiological and  biochemical
responses in  plants, promoting the
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accumulation of compatible solutes that
maintain  cellular function under stress
conditions. In fact, mannitol can enhance the
production of osmolytes, which are crucial for
plant survival during periods of water scarcity
(27). Ultimately; targeting drought from
numerous mechanisms produced better results
in compare with wusing one treatment
individually.  Potato  plant  parameters
demonstrated noticeable response to the
experiment treatment. Those positive findings
could be generalized and applied in al a large
scale In drought-affected lands in Iraq.
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