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The impact of industrial wastewater on some of the morphological
and physiologhical characteristics of Cyperus alternifolius,
Chrysopogon zizanioide and Aloe vera
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Abstract. The increase of the entry of industrial effluents containing various types of heavy metals into water and soil
leads to the ever-increasing spread of environmental problems. Therefore, it is necessary to find less expensive solutions
to reduce the pollution. In this regard, in order to compare the effect of the removal of heavy elements on some of the
morphological and physiological characteristics of C. alternifolius, Ch. zizanioides and Aloe vera plants, an experiment
was conducted in the form of a randomized complete block design with three replications for 14 months at the University
of Guilan. The results showed that under the treatment of industrial wastewater, the metal accumulation indices (MAI) of
zinc, chromium, lead, copper, manganese, nickel, magnesium were higher in Ch. zizanioides and Aloe vera than those in
C. alternifolius. In all three studied plants, the indices of root length, shoot length, total biomass and tolerance index (TI)
had a significant decrease compared with those in the control plants, and Ch. zizanioides and A. vera plants had the lowest
percentage of decrease. In addition, other investigated components including absorption index (UI), total soluble sugar,
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total phenol content, total flavonoid, total anthocyanin, total tannin, and DPPH free radical inhibition percentage increased
in all three plants under industrial wastewater treatment. The highest percentage of increase in all investigated
components, except DPPH free radical inhibition percentage, was observed in Ch. zizanioides. In general, it can be said
that in terms of MAI and morphological and physiological characteristics, Ch. zizanioides and A. vera were more
successful than the C. alternifolius. Therefore, it is recommended to plant the studied plants in the order of priority (Ch.

zizanioides > A. vera > C. alternifolius) in soils contaminated with industrial effluents, in order to remediate the soil.

Key words. DPPH free radical inhibition, metal accumulation index, heavy metals, phenol, phytoremediation
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Table 1. Physicochemical properties of primary soil (control).

Soil |K (ppm) | P (ppm) | Clay% | Silt% | Sand% | Total N% 0.C% pH dE/?n
sandy loamy 131 | 13.5 14 22 64 0.28 3.19 6.63 0.88
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Table 2. The amounts of heavy metals in primary soil (control).

Heavy metals Zn Cr Pb

Cu Mn . Mg

Ppm 16 14 8
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Table 3. Total amount of heavy metals added to the soil, after 14 months under different treatments (water and urban
wastewater) and the standard rate of heavy metals in the soil (USEPA,2005; WHO, 2000).

Heavy metal (ppm)
Mg Ni Mn Cu Pb Cr Zn Soil sampels
7566.67 24 633.33 79.67 52.33 42.67 117.67 Industrial Wastewater Soil
- 33.7 437 30 10 65 50 Standard in soil
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Fig 1. Metal accumulation index (Zn, Cr, Pb, Cu, Mn, Ni, Mg) of C. alternifolius, Ch. zizanioides and A. vera under

water and industrial wastewater treatments.
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Table 4. The variance analysis of industrial wastewater effects on some morphological and physiological indices of C.
alternifolius, Ch. zizanioides and A. vera.

Mean square
Source of variances | df Root length | Shoot length | Total biomass | Uptake index (UI) | Tolerance index (TI)
Treatment 1 200.00" 1327.84" 44963.51" 276074.75" 0.216"
Species 402.68" 13614.41" 380972.80" 3200796.71" 0.00"s
Treatmentx Species 2 4.212n 162.53 4967.95" 70547.97* 0.00"
Error 12 12.675 45.06 344.45 16983.34 0.00
Mean square
Source of variances df Total soluble | Total Total Total Total DPPH radical-
sugar phenol flavonoid anthocyanin | tannin | scavenging percentage
Treatment 1 3278.59" 0.29" 0.325" 0.00" 0.192" 898.45"
Species 2 1856.712" 0.02" 0.00™ 0.00" 0.01" 78.30"
Treatmentx Species 2 82.319m 0.01" 0.02* 0.00m™ 0.01™ 16.85m
Error 12 137.968 0.01 0.00 0.00 0.01 15.06
*Significant at 0.05 probability level ao,0 0 Jleisl mhas jo s ae™
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Figures 2. The effects of industrial wastewater on the root length of C. alternifolius, Ch. zizanioides and A. vera. The
means with the same letter in each column are not significantly different according to Duncan's test.
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Figures 3. The effects of industrial wastewater on the shoot length of C. alternifolius, Ch. zizanioides and A. vera. The
means with the same letter in each column are not significantly different according to Duncan's test.
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Figures 4. The effects of industrial wastewater on biomass of C. alternifolius, Ch. zizanioides and A. vera. The means
with the same letter in each column are not significantly different according to Duncan's test.
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Figures 5. The effects of industrial wastewater on the uptake index of C. alternifolius, Ch. zizanioides and A. vera. The

means with the same letter in each column

are not significantly differenct according to Duncan's test.
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Figures 6. The effects of industrial wastewater on the tolerance index of C. alternifolius, Ch. zizanioides and A. vera.
The means with the same letter in each column are not significantly differenct according to Duncan's test.
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Figures 7. The effects of industrial wastewater on the total soluble sugar of C. alternifolius, Ch. zizanioides and A. vera
Leaf. The means with the same letter in each column are not significantly differenct according to Duncan's test.
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Figures 8. The effects of industrial wastewater on the total phenol contents of C. alternifolius, Ch. zizanioides and A.
vera Leaf. The means with the same letter in each column are not significantly differenct according to Duncan's test.
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Figures 9. The effects of industrial wastewater on the total flavonoids of C. alternifolius, Ch. zizanioides and A. vera
Leaf. The means with the same letter in each column are not significantly differenct according to Duncan's test.
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Figures 10. The effects of industrial wastewater on the total anthocyanins of C. alternifolius, Ch. zizanioides and A.
vera Leaf. The means with the same letter in each column are not significantly differenct according to Duncan's test.
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Figures 11. The effects of industrial wastewater on the total tannins of C. alternifolius, Ch. zizanioides and A. vera
Leaf. The means with the same letter in each column are not significantly differenct according to Duncan's test.
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Figures 12. The effects of industrial wastewater on the DPPH radical-scavenging percentage of C. alternifolius, Ch.
zizanioides and A. vera Leaf. The means with the same letter in each column are not significantly differenct according

to Duncan's test.
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