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Table 1- Some selected physical and chemical characteristics of the soil
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Table 2- Some properties of the produced biochars
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Biochar
dSm cmolkg? mg kg* %
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6.9 3.07 108.5 20.12 52.2 4.3 N.D.* 15.1 51.2 28.4
Wheat straw
ok 6.2 3.25 60.7 20.20 55.8 4.5 N.D. 27.7 71.4 12.0

Particleboard

N.D.: Not Detected

Determined by subtraction of ash, C, H and N from total
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Figure 1- FTIR spectra of wheat straw biochar (a) particle board biochar (b)
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Figure 2- SEM images from surface of wheat straw biochar (a), Fe impregnated wheat straw biochar (b), particle board
biochar (c), and Fe impregnated particle board biochar (d)
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Figure 3- Interactive effect of variety and fertilizer on soil hydroxylamine extractable Fe concentration after harvesting
(Means for columns followed by the same letters are not significant at LSD, P=0.05)
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Figure 4- Interactive effect of variety and fertilizer on spad no of soybean upper (a) and lower (b) leaves
(Means for columns followed by the same letters are not significant at LSD, P=0.05)
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Table 3- Relationships among Fe (11) concentration and spad no of upper leaves, and soybean dry weight
Wales Ol b
Equation (R?

SpU = 0.32 FeaU - 3.95 0.77*"
DWt = 0.10 FeaU - 2.80 0.75™
DWt = 0.27 SpU - 0.99 0.81"

ol HId e gy pae 5 doyd S o) iy Jlain ] g )3 o e Cgls [}l Ay NS g s

*, **and ns i.e. statistical significant at P. values 0.05 and 0.01, and not significant, respectively.
s 559 =DWIL ¢ oYL oSy Lo ,)IS asls =SpU ¢ oYL sbS p (IT) ol clale =FeaU
FeaU= Fe Il conc. of upper leaves; SpU= Spad no of upper leaves; DWt= total dry weight
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Introduction: Iron deficiency is one of the most important nutritional disorders in plants, particularly in
calcareous soils and deeply affects the yield and quality of the product. Due to the major role of iron in the
synthesis of chlorophyll, chlorosis occurs in young leaves in deficiency conditions. In such condition, biochar
can help to increase OM, soil fertility level, and iron use efficiency and, to reduce iron chlorosis. The aim of this
study was to investigate the effect of iron- impregnated biochar on the availability of iron and the elimination of
soybean iron chlorosis in a calcareous soil.

Materials and Methods: Calcareous soil with iron deficiency (0-30 cm) was collected from the east of
Golestan province and prepared for cultivation. Two types of biochar were produced from wheat straw and
particleboard through slow pyrolysis (increasing 5 °C/min) at 300 °C for 2 hours under restricted oxygen
conditions in an electric furnace, and then impregnated with iron sulfate solution. FTIR spectra and SEM images
of biochars surfaces were also provided. A pot experiment was conducted as a factorial based on a completely
randomized design with four replications. Factors were biochars (wheat straw biochar (WB) and particleboard
biochars (PB) each one with 2.5% wi/w), iron impregnated biochars (Fe impregnated wheat straw biochar 2.5%
w/w (Fe- IWB1) and 5% wiw (Fe-IWB2), 2.5% w/w (Fe-IPB1) and 5% w/w (Fe-IPB2) Fe impregnated
particleboards, Fe- Sequestrene (S) and control without Fe and biochar (C), and two soybean cultivars (Williams
and Saman). The sown pots were maintained near the field capacity for 12 weeks. Then, SPAD numbers,
concentration and uptake of active iron in young and senile leaves and active iron content in soil were
determined after harvest.

Results and Discussion: With increasing application of iron impregnated biochar, active iron content
increased in the soil. SPAD numbers of the upper leaves of both soybean cultivars in Fe impregnated biochars
were significantly higher than those of non-impregnated biochars and control treatments (P < 0.05). Iron
chlorosis symptoms in soybeans decreased following the increased application of Fe impregnated biochars,
consequently, there were no iron chlorosis symptoms in 5% Fe impregnated biochar treatments. Also, the active
iron concentration of the upper leaves and the amount of leaf active iron uptake significantly increased as a result
of Fe impregnated biochars application in both soybean cultivars compared to control and non-impregnated
biochars (P < 0.05). The highest concentration of active iron in upper leaves was observed in 5% w/w Fe
impregnated biochars treatments, but its value for cultivar Williams in Fe impregnated wheat biochar was higher
than that in Fe impregnated particleboard biochar. The results of the SEM images indicated that wheat biochar
had more quantity of and fine pores (also CEC) than that of the particleboard biochar, and the surface areas of
both biochars were rough and dark after impregnation with iron, indicating the adsorption or accumulation of
iron at their surfaces. Also, there was a significant positive correlation between the active iron concentration with
SPAD numbers in the upper leaves (r = 0.88 **) and dry weight of soybean shoots (r = 0.87 **). Cultivars
responses to Fe impregnated biochars showed that iron uptake and active iron concentration in the upper leaves
of Williams variety were significantly less than those of Saman variety at both levels of Fe impregnated biochars
(P < 0.05), which indicates that cultivar Williams is more susceptible to the iron chlorosis. The results of this
experiment and reports from other studies show that the application of impregnated biochars from nutrients
besides increasing SOM, permeability and soil moisture, CEC and soil fertility level, also increases the
acquisition and use efficiency of iron in the plant.

Conclusion: The results of this study showed that due to the strong adsorption of soil iron, non-impregnated
biochar application in the level of 2.5% had no significant effect on the concentration and uptake of active iron
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and spad numbers of the plant. However, using Fe impregnated biochar and increasing their application in
calcareous soils with iron chlorosis resulted in a significant increase of active soil iron content, concentration and
uptake of active iron and SPAD numbers of the plant, and, conversely, a decrease of leaf chlorosis. Therefore,
besides improving the physical, chemical and biological properties of the soil, the application of Fe impregnated
biochar can also be a promising approach to eliminate iron chlorosis in sensitive plants, particularly soybeans in
calcareous soils.
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