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Table 1. Analysis of variance the effect heavy metals and different concentrations on germination
percentage, germination rate and mean germination time tubers of Cyperus rotundus
Sl o (1 S5ke
Mean squares
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Mean germination timeGermination percentage  Germination rate
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Source of Variation Degrees of freedom
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Coefticient of variation
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ns and** Significance difference of averages at the probability level of one percent.
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Table 2. Comparison the effect of different concentrations and heavy metals on germination
percentage, germination rate and mean germination time tubers Cyperus rotundus

o Loss (9 &5 «i‘sf oLf; stm Silsz sy Gy 5o Slawd) (G5eilsz s pus
Treatments Mean Germination Time Germination Percentage Germination Rate
(day) (Number per day)
Nickel JS.3 0.71% 70.5° 1.7%
Copper e 0.46° 82.2% 232
Cobaltedls 0.59° 73.8° 1.8°
0 0.3° 96.62 2.82
200 0.4b° 87.7° 230
400 0.5 8220 2.07%
600 0.58° 73.3°¢ 1.8¢d
800 0.72 61.1¢ 1.59
1000 0.9° 52.2¢ 1.2¢
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* Means, in each column, followed by similar letter are not significantly different at the 1% probability level accordimg to
Duncan Multiple Range Test.
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Figure 1. Interactions of heavy metalsxdifferent concentrations on germination percentage
tubers Cyperus rotundus
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Figure 2. Variations process germination percentage tubers under different levels of stress
of Copper, Cobalt and Nickel
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Table 3. The reaction parameters related to Cyperus rotundus tubers germination percentage to
increased levels of stress, Copper

ol 359l Shere ol Ol slaebl o> Vb olebl o>
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 95.828 1.960 89.590 102.066
bl -0.026 0.009 -0.055 0.003

b2 -1.509E-006 0.0001 -2.967E-005 2.665E-005
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Table 4. The reaction parameters related to Cyperus rotundus tubers germination percentage to
increased levels of stress, Cobalt

lpo 390y Hlro ol ol laebl o> YU lebl o>
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 94.876 4.150 81.668 108.084
bl -0.041 0.020 -0.103 0.021
b2 -1.487E-006 0.0001 -6.111E-005 -5.814E-005
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Table 5. The reaction parameters related to Cyperus rotundus tubers germination percentage to
increased levels of stress, Nickel

ol o Syglp Hhse ol b oliebl o> YU bkl o>
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 97.852 7.872 72.801 122.904
bl -0.031 0.037 -0.148 0.087
b2 -3.274E-005 0.0001 0.0001 -8.035E-005
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Figure 3. Variations process mean germination time tubers under different levels of stress of
Copper, Cobalt and Nickel
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Table 6. The reaction parameters related to Cyperus rotundus tubers mean germination time to
increased levels of stress, Copper

lpe 3yl Slae oliil ol olaebl o> YU laebl o>
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 0.369 0.034 0.260 0.477
bl -9.911E-005 0.0001 -0.001 0.0001
b2 3.920E-007 0.0001 -9.562E-008 8.795E-007
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Table 7. The reaction parameters related to Cyperus rotundus tubers mean germination time to
increased levels of stress, Cobalt

ol o Sy9lp Slese olosl b lebl o> YU oloebl o>
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 0.358 0.038 0.238 0.478
bl 0.001 0.0001 -4.142E-006 0.001

b2 -1.147E-007 0.0001 -6.569E-007 -4.275E-007
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Table 8. The reaction parameters related to Cyperus rotundus tubers mean germination time to
increased levels of stress, Nickel

alyo sl e ol el limebl o YU o labsl o>
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 0.379 0.082 0.116 0.641
bl 0.0001 0.0001 -0.001 0.001
b2 7.491E-007 0.0001 -4.359E-007 1.934E-006
3 S
4
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Figure 4. Variations Process germination rate tubers under different levels of stress of Copper, Cobalt
and Nickel
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Table 9. The reaction parameters related to Cyperus rotundus tubers germination rate to
increased levels of stress, Copper

wlyo Sy9lp Hlere oliisl Ol olisebl o> YU lebl o>
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 2.842 0.091 2.553 3.132
bl 0.0001 0.001 -2.002 0.001
b2 -7.455E-007 0.0001 -2.050E-006 5.593E-007
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Table 10. The reaction parameters related to Cyperus rotundus tubers germination rate to
increased levels of stress, Cobalt

iy S5l JIURNIRY ol Gl o YU olrebsl o
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 2.764 0.123 2.374 3.154
bl -0.003 0.001 -0.005 -0.001

b2 1.607E-006 0.0001 -1.533E-007 3.368E-006
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Table 11. The reaction parameters related to Cyperus rotundus tubers germination rate to
increased levels of stress, Nickel

e Sysly e ol ol el o YU o lpabsl o>
Parameter Estimate Std. Error Lower Bound Upper Bound
b0 2.738 0.183 2.155 3.320
bl -0.002 0.001 -0.005 0.0001

b2 4.420E-007 0.0001 -2.190E-006 3.073E-006
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Abstract

To evaluate Cyperus rotundus resistance to heavy metals stress, copper, nickel, and cobalt, at the
germination stage, this experiment was conducted in factorial based on a completely randomized
design with three replications in Agronomy and Horticulture laboratory of Jiroft University. The first
factor consisted of three metal copper, nickel, cobalt and the second factor levels consisted of metal
concentrations (0, 200, 400, 600, 800, 1000 ppm), respectively. The results showed that germination
percentage, rate and mean germination time were solely and significantly (p <0.01) affected by both
heavy metals and their concentrations and only, germination percentage was affected by the
interaction of the treatments. The results showed that concentration treatments of 200, 400, 600, 800
and 1000 ppm, decreased tubers germination rate by 17.8%, 26.07%, 35.7%, 46.4%, and 57.1%,
respectively. The same treatments decreased tubers germination percentage by 9.2%, 14.9%, 24.1%,
36.7% and 45.9% compared to the control. The lowest germination percentage (70.5) and rate (1.7)
happened in nickel stress. The Regression analysis showed that germination rate changes affect the
stress levels of copper, nickel and cobalt fit on quadratic function with R- square (R*) above 90%,
which was statistically significant at 0.01. The results of this experiment showed that Cyperus
rotundus is tolerant to heavy metals stress and is capable to germinate and growth at concentrations up
to 1000 mg/L. It was also fined that tolerance capability of Cyperus rotundus to copper heavy metal
was higher than cobalt and nickel i.e. Cu >Co >Ni.

Keywords: Cyperus rotundus; Germination percentage; Germination rate; Heavy metals;
Tolerance; Tube
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