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Abstract

Introduction: The quality of irrigation water has an important effect on the growth and
concentrations of nutrients. The application of boron-rich irrigation water is a global issue and the
most important boron pollution source in the environment. Poor water quality unavoidably leads to
decreased growth of plants. One of the problems of irrigation in tropical regions is the high
concentration of boron element in water and its concentration in irrigation water increases every
year. In dry areas where agriculture takes place, boron is often found in high concentrations along
with saline soils and salty waters. Boron stress occurs widely and limits plant growth and crop
productivity worldwide. Boron is in the form of boric acid in the soil solution and it is washed from
the soil in heavy rains, but it is not washed enough when it rains, and by accumulating in the soil, it
poisons the plant and prevents its growth. Therefore, in arid and semi-arid areas, irrigation with
groundwater that has a high boron content reduces crop growth. Therefore, this experiment aimed
to evaluate the effect of activated carbon on nutrient concentrations by tomatoes, cucumbers, and
eggplants under the boron stress of irrigation water.

Materials and methods: To evaluate the effects of activated carbon on the concentrations and
translocation of boron in the plant a factorial experiment with a completely randomized design and
three replications was performed in the greenhouse conditions. Treatments included three plants
(tomato, cucumber, and eggplant), three levels of boron concentration in irrigation water (0.03, 2.5,
and 5 mg I') from a boric acid source, and four levels of activated carbon (0, 1, 2, and 3% soil). To
prepare seedlings, first, a sufficient number of healthy seeds were selected and for better
germination, they were placed in wet napkins for one day and night. Then the seeds were planted in
seedling trays with coco peat substrate. In this stage, watering was done once every two days until
finally, after 30 days and when the seedlings reached the four-leaf stage and the true leaves
appeared, the plants were ready to be transferred to the pots. For cultivation, each of the plastic pots
was filled with 3 kg of sampled soil, which was mixed with a proportion of activated carbon
according to the type of treatment. Then, in the middle of each pot, several seedlings of the same
size were planted. Then the pots were placed in the greenhouse according to the plan.
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The experiment was conducted with 36 experimental treatments in three replications and a total of
108 experimental units. The soil used was prepared with geographical coordinates (longitude 57°
37" and latitude 28° 42") and depth of 0-30 cm and was classified according to the American
classification system Sand, mixed, hyperthermic typical Torriorthents. During the growing period,
the plants were irrigated daily according to the farm capacity (FC). The day temperature of 25 — 30
°C, the night temperature of 15 — 20 °C, and the relative humidity was 50 — 70%.

Results and discussion: The results indicate that the main effects of boron and activated carbon
levels had a significant effect (p < 0.01) on the concentration of iron, zinc, manganese, and copper
in the aerial parts of the plant. With the amount of boron increased in the treatments, the amount of
copper and iron in the aerial parts increased while the amount of manganese and zinc decreased.
Regarding the effect of activated carbon, the results showed that by increasing the amount of
activated carbon in the treatments, the amount of copper, manganese, and zinc decreased. In
contrast, the amount of iron has increased. The highest concentration of iron in the aerial parts
(219.6 mg kg™) belonged to the level of 3% of activated carbon. Also, with the increase in
activated carbon in the treatments, concentrations and accumulation of boron in the aerial parts
decreased. The highest concentration of boron in the aerial parts (31.77 mg kg?) was obtained in
the cucumber and the level of 0% activated carbon, and the lowest concentration (5.75 mg kg™)
was obtained in eggplant and the level of 3% activated carbon.

Conclusions: It is concluded that the use of activated carbon under boron stress conditions can
reduce the concentrations and toxicity of boron in plants.

Keywords: Nutrients, organic carbon, salinity, stress.
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1- Field Capacity (FC)

2- potential of hydrogen (pH)
3- Electrical Conductivity (EC)
4- Falcato

5- Belen
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Table(1) The physical and chemical properties of the soil used in this study

o e S T S el A STos ot
B Cu Zn Fe Mn K P oC EC 4 | S sl
eSS e S Lo F e i pH Soil Texture
mg Kg* % dS m?
0.01 035 0.06 2 1.7 250 3 0.14 0.74 7.7 o
Loamy Sand
JW (0 ST 29 (V) Jgur
Table(2) Characteristics of activated carbon
S phddel Db Ll azils YRS S e S
Solubility Vapor pressure Density Melting point Physical form
ST s Jsloat obw )35

<0.1 mmHg (20°C)  ~1.7 g/mL at 25 °C (lit)

Insoluble in water

<3500 °C
black powder
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Table(3) The chemical properties of the Irrigation water

ox S e SbSe SLbS s S Sosh
B Cl Na HCO3" CO3° Mg Ca EC Aol <Tes
eSS oS e S i S pH Type of water
mg Kg? uS mt
0.03 5 406 35 0 17.25 19.65 777 7.68 Gt
Urban
Wi gs (2108 Jelwe Ol 5 (8)J3uer
Table(4) Components of Hoagland nutrient solution.
LSS bl e e 3 il
Components Concentration Concentration of nutrient solution
MgS04.7H;0 NSEICHE P 1 (M) LY, 2 (ML) A Ak
Ca(NO3)2.4H20 ol Ol 2 1 (M) ,¥ 4 (MEL?) 2 o e
KH2PO4 Sl ol 5 5o 1 (M) ,¥ 1 (MIL™) 25 2 ke
KNO; ey S 2 1 (M) LY, 6 (ML) A Ak
Fe-DTPA AT o - - 50 (ML) e 8 ke
H3BOs S g 286 QLY .05 1 (ML) 23 A ke
MnCl,.4H,0 R Js 181 (QLY) & .S 1 (ML) A Ak
ZnS04.7H,0 S5 D 022 (@@L &, 5 (MIL™) 25 2 ke
CuS04.5H,0 e S g 0008 (GL™M) =55 1 (ML) A Ak
H,Mo004.H,0 Sl e 002 (9L &S 1 (MILY) &) ol ke
0 alom plbl sy il o i Jlo il b ot otalia o g b

5 e EAS 530 8 Jee AV Jlub S Ao s i les
Y ols 5 (S 53 p S ke ¥0) 0T e o S
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Table(5) The results of analysis of variance of the effect of plant species, boron and activated carbon
levels on the concentration of elements in the Shoot plant

Slas o s PR
— — . St e
o o R S Nl U3 S0V
B Cu Mn Zn Fe df
1403.864x  53.23:x 18055.5*  7020.3**  139.28M 2 (Plant) oL
5216.78%x  12.93:x 1195.9* 3727.3*  597.76* 2 (Boron)
041.84%x  296.71xs  11381.51** 13646.2* 2898.6* 3 (Activated carbon) Jls 5
306.39x 1.55ns 7.32ns 701.2" 89.04" 4 (BoronxPlant ) ;5 x ol
s o 8% oS
41.26+ 28.93x 510.46+ 421.6" 63.12n 6
( Activated carbonxPlant )
oy X dbd Q‘.;
136.25: 2.38ns 310.45ns 223.83™ 76.11" 6

(carbon BoronxActivated )
sp X olE Xl o S
( Boronx Plant xActivated carbon)
11475 1.7 202.51 372.05 95.31 72 (Error) W
23.95 15.30 11.35 16. 82 4.71 CV (1)

23.088ns 1.61ns 122.72ns 198.64" 37.52™ 12
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