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Extended Abstract

Introduction

Water scarcity and drought are becoming global problems, particularly in arid and semi-arid regions. Drought
stress is one of the factors that negatively affect the quantitative and qualitative growth of plants. It results from
the changes outside the optimal range of environmental conditions. Due to the severe limitations of water resources
in most regions of the country, moisture stress has been defined as one of the most important stresses adversely
affecting plant growth and yield. Drought stress typically occurs when water levels in the soil and atmosphere
decrease due to evaporation and transpiration. Almost all plants are somewhat drought tolerant, but the degree of
tolerance varies from species to species. Magnetic water can be a promising method to overcome the problem of
limited water resources, improve agricultural product production, and mitigate drought stress in plants at various
growth stages; in addition, it is environmentally friendly. Adding biochar to the soil is another method of dealing
with drought stress, as it increases organic matter and consequently enhances soil water retention. Therefore, this
study was conducted to investigate the combined effect of moisture stress, biochar, and magnetic water on spinach
growth and chemical composition under greenhouse conditions.

Materials and Methods

A factorial greenhouse experiment in the form of a completely randomized design with three replications was
conducted with drought stress at three levels of field capacity (FC), 75% of field capacity moisture (0.75FC), and
50% of field capacity (0.5FC); and four levels (0, 1, 2, and 3% by weight) of sugarcane bagasse-derived biochar
prepared at 400 °C and two types of water including magnetized water and non-magnetized water. The required
soil was taken from a depth of 0 to 30 cm of calcareous soil, air-dried, passed through a 2-mm sieve, and analyzed
for physical and chemical properties. Sugarcane bagasse was collected from Imam Khomeini Sugar Factory
located in Khuzestan Province and converted to biochar at 400 °C under limited oxygen conditions for 4 h.
Magnetic water of 0.21 Tesla was prepared by repeatedly passing drinking water through a water magnetizing
device. According to the results of the soil test, nutrient elements were added to the soil. 15 spinach seeds (Spinacia
oleracea L., var. Virofly) were planted in each pot, and they were maintained in greenhouse conditions. After one
month, the number of plants was reduced to 9 in each pot. All pots were treated by the mentioned moisture levels
through daily weighing. Drought treatments were started two weeks after planting and continued throughout the
growing season for two months. After harvesting, plant samples were prepared and chemically analyzed. Statistical
analysis was performed using Excel and SAS statistical software and means were compared using Duncan's test
at a probability level of 5%.

Results and Discussion

The results showed that in plants irrigated with magnetized water, the application of 1, 2, and 3% of biochar caused
an increase of 3.9%, 7.8%, and 8.3%, respectively in the shoot dry weight of spinach, although the differences
were not statistically significant, Furthermore, moisture levels of 0.75FC and 0.5FC in the magnetized water
caused a decrease of 3.7% and 15.7%, respectively, and in normal water, it caused 8.3% and 24% decrease in shoot
dry weight, respectively. In plants irrigated with magnetized water, application of 1, 2, and 3% biochar compared
to the control caused a decrease of 19.2%, 32.5%, and 30.6%, respectively in the shoot Cu concentration. Whereas,
the use of 2% and 3% biochar caused an increase of 6.2% and 11.9% in the shoot Mn concentration. Applying
0.75FC and 0.5FC moisture stress levels compared to the normal conditions caused a significant decrease of 19.5%
and 29.7% in shoot Cu concentration, 21.2% and 21.1% decrease in shoot
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Fe concentration, and 18% and 20% decrease in shoot K concentration, respectively. Whereas, the mentioned
moisture levels caused an increase of 24.7% and 47% in the shoot Mn concentration.

Conclusion

In general, the application of magnetized water compared to normal water significantly increased the shoot Mn
and Zn concentration by threefold and 40.4%, respectively, compared to that of the control. Using magnetized
water increased shoot dry weight by 10.8% compared to normal water. The results showed that the application of
magnetized water can be used as a suitable solution to increase the concentration of some nutrients and some
growth characteristics of spinach. In general, the results showed that the application of magnetized water and
biochar, which have been introduced as two strategies to reduce the adverse effects of drought on plants, can be
effective on the chemical composition of plants and the nutrient concentration of the plants. Further studies are
recommended to evaluate the impacts of other biochar derived from livestock manure and plant residues, as well
as different levels of biochar, on spinach and other crops, under drought or other stress conditions.
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Table 1- Some physical and chemical characteristics of the studied soil

Water

Cu Mn Zn Fe P EC. pH Total OM  content Sand Silt Clay Soil
N parameters
FO)
mg kg'! dSm’! %
012 448 133 579 13 0.53 7.53 0.11 1.19 30 144 44 41.6 Value

FC represents water content at field capacity conditions.
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Table 2- Some chemical and physical characteristics of sugarcane bagasse and its derived biochar at 400 °C (Moradi-Choghamarani
et al., 2019a; Moradi-Choghamarani et al., 2019b)

Chemical characteristics

o/C  H/C (6] N H C Zn Cu Mn Fe K Na Mg Ca
(%) (%) (%) (%) (mghkg) (mghke) (ghke) (gkg) (ghkeg) (gkg) (gkeg) (gke)
1.04 161 5471 056 531 394 8.76 7.82 004 072 1827 159 121 18.82  Bagasse

081 053 5032 099 2.06 46.6 27.42 17.90

0.10 3.26 5.48 2.93 400 62.16  Biochar

Physical characteristics

RD
o q 1 MED WDPT
107.6 35 5 90-70 1.31 Bagasse
<-+9 72 0 ~0 1.51 Biochar

A S 5 02 ke ca2ten ol (] 5ihe ¢ o ((S9y C0yS (C159)B (15955 «ysemS] b 4 Ca g Mg Na K Fe Mn Cu Zn € H N.O
Saly —T led gl g dela—lgn xS )3 A a2t ¢ S 0 )laB a Vge «l 0yad 395 loj oo o i Loguasie py> cui i © 9 Y s Yoo MED WDPT RD

O, N, H, C, Zn, Cu, Mn, Fe, K, Na, Mg, and Ca are oxygen, nitrogen, hydrogen, carbon, zinc, copper, manganese, iron, potassium, sodium, magnesium, and
calcium, respectively.
RD, WDPT, MED, y90, ys, and @ are the particle density, water drop penetration time, alcohol drop molarity, 90-degree surface tension, air-solid surface
tension, and water-solid contact angle, respectively.
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Figure 1- Schematic description of the magnetic water preparation device
ablido Ol g Jgore Of (abond (B Sig A5 Y S
Table 3- Some chemical characteristics of the normal and magnetized water
Cl K Mg Ca Na EC
pH
(meq L) (dSm™)

1.78 1.14 1.93 2.74 1.36 0.49 7.77 Magnetized water
1.23 0.78 1.57 2.39 1.04 0.19 7.03 Normal water
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Table 4- Results of variance analysis of the effect of biochar, water type, and drought stress on shoot dry weight of spinach

Water =
Drought Water x
Error Drought stress x }\;V ate;lr ) Drought Biochar Dsrtorlelsg:lt VtVatzr Source of
st.ress ) Biochar tochar stress yp variation
Biochar
Degree of freedom
48 6 6 3 2 3 2 1 (DF)
1.5 1.87™ 1.98™ 0.17" 0.06™ 1.61™ 18.35™ 11.86™  Mean square (MS)

dd o LSy ()l re s g Mo 155 zolaw )d (gl dxe S S ns g ww
*,** and ns indicate significance at the probability levels of 5% and 1%, and non-significant, respectively.
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Figure 2- Effect of drought (moisture) stress levels, biochar, and water type on the mean shoot dry weight of spinach (overall means

of biochar or moisture stress levels for each type of water, followed by the same capital letters, and the columns followed by the
same lowercase letters are not significantly different at P < 0.05 according to Duncan's multiple range test.)
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Table 5- Results of analysis of variance of the effect of biochar, water type, and drought stress on the shoot nutrient concentration of

spinach
K Na Ca Mg Zn Fe Mn Cu DF Source of
variation
96626540 ™ 478087 "™ 294336 ™ 1256641" 3268™ 8256 "™ 197709 26/79™ 1 1
294041543 " 284240™ 112486™ 785181™ 137" 4266 ™ 10259* 16/72™ 2 2
204080597 " 215667 231518™ 372572 21 7375" 477" 22/12™ 3 3
2903987900 508199™ 130985™ 196943 ™ 86 ™ 5166™ 26217 67/11" 2 4
3446555 37105™ 10806 125742 36™ 4087 519™ 40/87" 2 5
616831813 ™ 130920 435249" 191995™ 21 189" 2931 15/20™ 6 6
186328935 36827™ 151244 ™ 496222 ™ 46 ™ 4030™ 226™ 33/64" 6 7
293659413 170365 178798 307474 82/48 5178 350/17 11/58 48 8
Tokaw 9 (S S GRS o ol gobaw 9 ol £ (STemy oSS G5 9 o 95 GRS R g ol (SS (35 Ol g5 a8 5T 05 A 3 2 i gl

e Uad 5 )l sl 5 (S35 G5 ol g5 GRS w0 ol
WA o Ui 1y ()l gime s g doyd 1 95 Zolaw )d (o) pxe iy ™ o *

¢ %

¢

The sources of variation 1, 2, 3, 4, 5, 6, 7, and 8 are water type, drought stress, biochar levels, the interaction between water type and drought stress, interaction between
water type and biochar levels, interaction between drought stress and biochar levels, interaction between water type, drought stress, and biochar levels, and error,

respectively.

*, ** and ns indicate significance at the probability levels of 5% and 1%, and non-significant, respectively.
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Figure 3- Effect of drought (moisture) stress levels, biochar, and water type on spinach shoot copper concentration (overall means of biochar

or moisture stress levels for each type of water, followed by the same capital letters, and the columns followed by the same lowercase letters
are not significantly different at P < .05 according to Duncan's multiple range test.)
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Figure 4- Effect of drought (moisture) stress levels, biochar, and type of water on the concentration of manganese in the shoots of

spinach plants (overall means of biochar or moisture stress levels for each type of water, followed by the same capital letters, and the
columns followed by the same lowercase letters are not significantly different at P < 0.05 according to Duncan's multiple range test).
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Figure 5- The effect of drought (moisture) stress level, biochar, and type of water on this spinach shoot plant (overall means of

biochar or moisture stress levels for each type of water, followed by the same capital letters, and the columns followed by the same
lowercase letters are not significantly different at P < 0.05 according to Duncan's multiple range test).
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Table 6- Effect of biochar, water and drought type on shoot Zn concentration (mg kg DW) of spinach grown

Biochar levels (%owt)

Drought stress (%FC)

Mean 3 2 ! 0
Normal Water (33.33 B)
3543 A 34.26 a 36.52 a 36.09 a 3483 a 100
35.94 A 41.14a 30.35a 3344 a 38.84a 75
28.62B 28.43 a 35.12a 2537 a 25.55a 50
34.64 A 33.99 A 31.63 A 33.07 A Mean
Magnetized Water (46.80 A)
45.76 A 48.33 a 41.64a 4541 a 47.66 a 100
4835 A 48.48 a 46.66 a 49.07 a 492 a 75
46.3 A 46.24 a 4272 a 47.68 a 48.56 a 50
47.68 A 43.67 A 4738 A 48.47 A Mean
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“For each type of water, the means in each row or column followed by the same capital letters and those in the body of the table followed by the same
lowercase letters are not significantly different at P < 0.05 according to Duncan's multiple range test.
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Table 7- Effect of biochar water and drought on shoot K concentration (mg kg"' DW) of spinach grown under different

Biochar levels (%owt)

Drought stress (%FC
Mean 3 2 1 0 g (%FC)
Normal Water (72094 A)
59548 B 48413 ¢ 59571 be 63021 abc 67186 abc 100
69936 B 73608 abc 74763 abc 72724 abc 58650 be 75
86798 A 83909 ab 95602 a 72533 abc 95147 a 50
68643 A 76645 A 69426 A 73661 A Mean
Magnetized Water (74411 A)
84352 A 82453 abc 82633 abc 98378 a 73942 abc 100
71244 AB 70834 abc 77493 abc 69457 abc 67194 abc 75
67637 B 60331 bc 73685 abc 50556 ¢ 85975 ab 50
71206 A 77937 A 72797 A 75704 A Mean
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"For each type of water, the means in each row or column followed by the same capital letters and those in the body of the table followed by the same
lowercase letters are not significantly different at P < 0.05 according to Duncan's multiple range test.
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