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Table 1. concentration (mg/kg) of elements in the soil.

O35 A b el oyl R e sy sl P
N P K B Fe Cu Zn Cd Pb
2000 478 200 1 562 1087 09 135 129 <0.1

ol s ealinul 350 S pleand 5 (S s S5 F .Y Jod

Table 2. Some physical and chemical properties of the soil

S S gl ol s T
EC pH Sk el Sand  Silt Clay Organic carbon Calcium carbonate equivalent

W Soil texture @)
2.04 g ot e n s ;)

Clay loam
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Table 3. Some chemical and physical properties of the vermicompost.

AL Lonss IS0 e pxedls IS S e S
Appearance Ni Pb Cd Co Cr Cu Zn
(mg/ kg)
L O 9 coloww Loz glo oed 5 (gl
Gl sx Cokel g Bl sl SO GLE (e s 05 D ND* 42,05 127.75
Blackish brown in color, without odor
Sl obe
Nutrients
4 S S PR L SRR SR 53) Sl LB
< Organic Moisture pH (e ) s
= carbon . o ¥ (1/10) L
C/N Total Total Total EC 1/10
K P N
(%) (dS/m)
11.18 22.37 36.5 3.12 1.23 2 8 6.5

*: No detected
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Table 4. Analysis of variance of the morphological parameters in spinach shoots.

£ (Leaf (Plant (Leaf | REA (Sources of variation)
- area)cm’ height) number) =8 e
(Chlorophyll (Shoot dry (Degree
index) weight)g of
freedom)
| <5
0.77 0.003 1.94 42.82 0.12 3 s
Replication
7.19*" 0.57" 482.22""  8855.04™ 11.53" 1 fe3S
Cadmium
0.63" 0.08" 11.73™ 612.16"" 1.31% 2 S 308 (225
Vermicompost
Ca..w}:.a.s 3%
0.19™ 0.15" 4.95™ 330.16™ 1.27% 2 p3eedlS X
Cadmiumx
Vermicompost
bl glast
0.74 0.01 1.95 32.78 0.06 15 el
Error

ko %k

.Lp);\jodm}\cb);)l;w})b&uﬂb%jJQ¢ s
Ns; Non-significant; * Significant at P<0.05, ** Significant at P<0.01
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Effect of cadmium on the morphological parameters of spinach shoots.. Table 5

Chlorophyll index ~ Leafarea Plant height Leaf number Shoot dry weight Cadmium concentration (mg kg’
(em’) (cm) (8 )

10.28* 0.62* 21.50° 98.41° 2.68" 0

9.19° 0.26° 12.54° 60.00° 1.29 20

2 L a3 0 a3 (5l3 me o 5lis LSD Dol oelal s S 2ie Cog i (glls 45 Oyt a3 S i gls ke
KRS

Means followed by the same letter in each column do not differ significantly at 5% probability level according to LSD test.

gl Sls aslie (F i) 5106 OLES (613 oms S 035 3 paeedlS 5 S gaS oy Blize )

5SS oy e 3 5 oS ays pseaslS S g 3 il S a5 S slaw (olsa ol

BE ;.,_"JJS«{C\;&M\ S5 580 6Lﬁua}uﬁ¢xﬂbl§ rﬁ}kjjw‘x&swﬂjj J{l}h}jl.:ﬁ)lz&uwﬁ
sl 0 03,551V 58 O Jslas SNl il Sy 85 IS asls 5 Wy el

. Effects of Vermicompos on the morphological parameters of spinach shoots. Table 6

Chlorophyll index Leaf area Plant height Leaf Shoot dry weight vermicompost
(em?) (cm) number (2)

9.46" 0.29° 17.52° 37.69° 1.62° 0

9.73% 0.45% 17.91% 82.12% 1.92° 5

10.02° 0.50* 18.64% 86.12% 2.42% 10

0.91 0.1 1.48 6.1 0.26 Lsd

p—“b.u)’ad‘—“ﬁd)b@*‘ﬁ’)wLSD Q)A)"le.«\ﬂMSFJJ}?L;\)\JASJ}LAJA);S;JJLQLA&:KJQ
RERE

Means followed by the same letter in each column do not differ significantly at 5% probability level according to LSD test.

C\.’.ﬁml @‘ﬁ r|.k$| &_3‘3)}5)}: 6\.&?\.& » f}:.aﬂs 9 w‘};«sdﬁ)‘g Jili‘;a ;‘ A" d‘gb
Table 7. Effects of interaction between Vermicompost and cadmium on the morphological indicators of spinach shoots.
Jis S parle Spmhe wuplisl  Sonlan ol ol S 055 CepeSps slad paeeslS Gl les

f;' Leaf area Plant height Leaf (g)Shoot dry weight vermicompost Cadmium
) (cm2) (cm) number concentration
Chl_orophyll (mg kg-1)
index
9.90ab 0.36¢ 21.43a 85.00b 2.14b 0
10.21ab 0.53b 22.06a 100.50a 2.33b 5 0
10.75a 0.81a 23.02a 105.75a 3.57a 10
9.02b 0.23¢c 13.60b 53.75d I.1lc 0
9.25b 0.36bc 13.76b 70.75¢ 1.50c 5 20
9.30b 0.18¢c 10.26¢ 55.50d 1.27¢ 10
1.29 0.15 2.1 8.62 0.36 Lsd
2 LA 0 a3 (5l3 me o 5lis LSD Dol oelal s S 2ie Cog > (glls &S O gt 2 53 S i gls ke
RRIRY

Means followed by the same letter in each column do not differ significantly at 5% probability level according to LSD test.
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Figure 1. Correlation between shoot dry weight and cadmium concentration in spinach shoot.
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ABSTRACT

Introduction: Cadmium is one of the most dangerous heavy metals through oxidative stress
impairs the balance of plant processes and ultimately reduce nutrients in plant growth. On the
other hand, this element is highly toxic for humans and cause liver and kidney diseases.
Vermicompost is a soutce of organic matter that plays important roles in plant nutrition and
decreases availability of heavy metals including cadmium in soil. The purpose of this study was
to investigate the effects of cadmium and vermicompost on morphological traits of spinach.
Materials and Methods: To study the effects of different levels of cadmium and
vermicompost on some morphological characteristics and nutrients in spinach, a greenhouse
experiment was conducted in the research greenhouse of Agriculture and Natural Resources
Research Center of Tehran province in 1394. The experiment was catried out factorial based
on randomized complete block design with six treatments and four replications. Cd factor
were two levels, 0 and 20 mg per kg and vermicompost factor were in three levels as mixing
five percent of vermicompost with soil and ten percent of vermicompost with soil. Shoot dry
weight, number of leaves, plant height, leaf area, chlorophyll content in leaves were statistically
analyzed.

Results and Discussion: The results were showed that dry weight, number of leaves per
plants, plant height, leaf area and chlorophyll content were significantly reduced by the use of
cadmium. Also, leaf area index and chlorophyll had the most sensitivity and least sensitivity to
cadmium. Data also showed that leaf area and chlorophyll index decreased 58 and 10.6 percent
in compare to control by use in the 20 mgkg-1 in the soil, respectively. Data also
demonstrated that use of vermicompost increased significantly shoot dry weight, number of
leaves and leaf area. Shoot dry weight increased 49.4 percent in compare to control by mixing
of ten percent of vermicompost with soil. The results also showed that use of vermicompost in
soil, decreased the negative effects of cadmium on some traits of spinach such as leaf number,
plant height and leaf area.

Conclusion: The results were showed that cadmium decreased the growth of the different
organs in the spinach. On the other hand, due to the effects of vermicompost consumption
increased shoot dry weight and nutrient uptake, and reduced the adverse effects of cadmium.

Keywords: Spinach, Vermicompost, Cadmium, Shoot, Dry weight
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