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Abstract

Introduction: One of the important proceedings in propagation process of plants is improving the
speed of rooting and shortening this propagation period. Today, use of natural materials as an
alternative for chemical fertilizer is concerned with successful rooting of cuttings in ornamental
plants that in some cases have perceived well and effective influence of these biofertilizer
compared with chemicals. Zamioculcas zamiifolia is a valuable ornamental indoor plant. The
production of this plant in short time is commercially important. An important stage in the process
of accelerating this plant production is to improve the rooting and shortening its growth stage.
Therefore, the simultaneous effect of mycorrhizal biofertilizer and biochar on Zamioculcas
zamiifolia propagation was studied in this research.

Materials and Methods: This study was performed in the greenhouse in the faculty of agriculture
and environmental science of Arak University with controlled conditions of 25 °C temperature,
70% humidity and 10,000 lux of light. Treatments were included biochar 5% + arbuscular
mycorrhizal biofertilizer 6%, biochar 10% + arbuscular mycorrhizal biofertilizer 6%, biochar 5% +
arbuscular mycorrhizal biofertilizer 12%, and biochar 10% + arbuscular mycorrhizal biofertilizer
12%, and control (without biochar and arbuscular mycorrhizal biofertilizer). The arbuscular
mycorrhizal biofertilizer was mixture of Clarodeoglomus etunicatum, Rhizophagus irregularis,
Funneliformis mosseae. The experiment was performed as a completely randomized design (CRD)
at three replicates. The pots were containing cocopeat + perlite (1:1) and different treatments of
arbuscular mycorrhiza biofertilizer and biochar. Morphological and physiological traits such as off-
shoot number, Leafy cuttings color, Leaf width, Leaf length, Shoot length, root number, root
length, rhizome diameter, chlorophyll a, b and total chlorophyll content, fresh weight (FW) of roots
and shoots, the dry weight (DW) of roots and shoots, Saturation weight, relative water content
(RWC), biomass, electrolyte leakage and arbuscular mycorrhizal root colonization were measured
after 9 months.

Results and Discussion: Biochar and arbuscular mycorrhiza biofertilizer application in
propagation medium increased off-shoot growth of Zamioculcas zamiifolia. The results showed
that the highest roots number was obtained in the treatments of arbuscular mycorrhiza biofertilizer
12% + biochar 10% which was followed by arbuscular mycorrhiza biofertilizer 6% + biochar 5%.
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The maximum root length was observed by arbuscular mycorrhiza biofertilizer 12% + biochar 5%
treatment. The root colonization had a positive correlation with the number of off-shoot, leaf size,
shoot FW and leaf chlorophyll content. The application of biochar 10% + arbuscular mycorrhiza
biofertilizer 6% treatment caused an increase in the height of the shoot about 3.3 times more than
the control. The highest rhizome diameter was observed in biochar 10% + arbuscular mycorrhiza
biofertilizer 6% treatment. The maximum off-shoot number was measured in the treatment of
biochar 10% + arbuscular mycorrhizal biofertilizer 6% treatment which was 1.8 times more than
control. No signs of colonization were observed in the control, but the roots colonization in the
arbuscular mycorrhiza biofertilization treatment 12% was 1.6 times more that in the arbuscular
mycorrhiza biofertilizer 6%. Increasing the amount of biochar and arbuscular mycorrhiza
application in the propagation medium enhanced arbuscular mycorrhiza roots colonization of
Zamioculcas zamiifolia. A significant positive correlation was observed between the number of off-
shoot and the total biomass (r=0.95). A high positive correlation was observed between the fresh
weight of shoot and the saturated weight (r=0.95). There was a significant positive correlation
between saturated weight with total chlorophyll (r=0.97) and total biomass (r=0.96). The
relationship between total chlorophyll and biomass was a significant positive (r=0.95). There was a
significant positive correlation between the root colonization and chlorophyll a (r=0.83). A
significant negative correlation was detected between dry weight of shoot and dry weight of root
(r=0.94) and dry weight of root with relative water content (r=0.95).

Conclusion: Generally, in the most of studied traits, the use of biochar and arbuscular mycorrhiza
biofertilizer in the culture medium improved the off-shoot growth and rooting characteristics of
Zamioculcas zamiifolia compared to the control. Shortening the propagation period of this slow
growth and luxury plant is significant aspects in the production of this ornamental plant that reduce
production costs and make the product more cost-effective. The use of biochar 10% + arbuscular
mycorrhiza biofertilizer 6% in culture medium is recommended to improve the quantitative and
qualitative properties through the propagation of this ornamental houseplant.
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Table (2) Analysis of the variance effect of biochar and mycorrhiza application on morphological traits of Zamioculcas zamiifolia

(Mean of squares)citx o - Kbe

e - PNHIGS
g S ) _ _ D ek
Dy b ) Aoy Sluas R i el sl Sl Job S pdsb S, 0e S
Source of @57 Root i Shoot Leaf Leaf Leafy Rhizome
variation df number Average Lgsr;g Off shoots length length width cuttings ~ diameter
engtn 100t color
g length
LQ-\: * Kk W * *
o 4 0.53 8.3 0.22" 0.1° 0.83 0.19™ 0.16™ 0.73"™ 24
Treatment
o
10 0.12 0.62 0.14 0.03 0.14 0.7 0.05 0.23 5.2
Error
O oS o gl
SR 13 25 15 20 32 29 25 26 17
Ccv

ns: Not significant, *: significant at P<0.05, **: significant at P<0.01
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Table (3) Analysis of the variance effect of biochar and mycorrhiza application on physiological traits of Zamioculcas zamiifolia

(Mean of squares)olx w  wilwe

&l ga

505 035 L S a s, s
e e R e 03 I ey TR L1 05 b sy s I8 ah bl S
. 4y . [GRPE] 29
Source of ey sl sl plul * a5 & &£, Saturation 250 Chlorophyll Chiorophvil b Total Root
variation df  ShootFW  ShootDw RO pogipw . Towl Shoot weight ~ Electrolyte a phy Chlorophyll  colonization
FW biomass 00 leakage
RWC
[P
PAas )
1 0.001"™ 00001™ 021™  0002™  174™  204™  0001™ 76"™ 0.08"™ 0.032"™ 0.08" 564
Treatment
s
8 0.0011 0.00009 0.15 0.008 148 12.3 0.001 4.8 0.05 0.033 0.1 25
Error
ol kS s
IZV e 4 1.37 27 11 14.1 10.6 5 10 27 23 36 28

ns: Not significant, **: significant at P<0.01
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Table (4) Mean comparison of the effect of biochar and arbuscolar mycorrhizal on some
morphological traits of Zamioculcas zamiifolia. In each column, means with the same letters are not
significantly different (Duncan, p < 0.05).
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Off Lea Rhizome Root  Average root
Treatment shoots | Shﬁm cuttir]:és diameter(mm)  number  length(cm)
number ength(cm) color
Bt 0 0° 7° 9® 3® 29"
Control
91 70l
_ s Selos T 0o 0P 2.33° 12.14%® 7.66° 2.77°
Biochar5%-+mycorrhiza6%
YAMP 70l
I ettty 0.33®  083° 266 15.1° 6.66®  57°
Biochar5%+mycorrhizal2%
791 AT
B 1 335° 233" 16.33° 5.33% 1.05°
Biochar10%-+mycorrhiza6%
YAME AR
oSt Sl 0.66% 1.63% 2.33° 12.66% g? 3.12

Biochar10%+mycorrhizal2%
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35
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Figure (1) Mean comparision effect of biochar and mycorrhizal arbescular on root colonization
in Zamioculcas zamiifolia. 0) Biochar 0%+Arbescular mycorrhiza0%, 1) Biochar 5%+Arbescular

mycorrhiza6%o, 2) Biochar 5%-+Arbescular mycorrhizal2%o, 3) Biochar 10%+Arbescular
mycorrhiza6%o, 4) Biochar 10%+Arbescular mycorrhizal2%.
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Figure (2) Simultaneous application effect of biochar and arbuscular mycorrhiza on Zamioculcas
zamiifolia growth through leaf cutting a) 5% biochar and 12% arbuscular mycorrhiza b) 5% biochar
and 6% mycorrhiza c) no application of biochar and arbuscular mycorrhiza d) Arbuscular

mycorrhiza colonization in root at 12% arbuscular mycorrhiza e) Arbuscular mycorrhiza colonization
in root at 0% arbuscular mycorrhiza
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Table (7) Correlation between morphophysiological traits in off shoots propagated from Zamioculcas zamiifolia leaf cuttings. trl to tr21, in order, including

traits: Off shoots, Shoot length, Leaf length, Leaf width, Rhizome diameter, Root number, Longest root length, Average root length, Leafy cuttings color, Shoot
FW, Shoot DW, Root FW, Root DW, Saturation weight, Chlorophyll a, Chlorophyll b, Total Chlorophyll, Electrolyte leakage, Shoot RWC, Total biomass and

Root colonization percentage.

trl tr2 tr3 tr4 tr5 tré tr7 tr8 tr9 trio  trll  trl2  trl3  trl4 trl5 trl6 trl7  trl8 trl9 tr20 tr2l
trl !
tr2 0.98” 1
tr3 096" 0917 1
trd 098" 0977 0987 1
tr6 017 0071 027 0.17 039 1
tr7 035 -0.36 02 02 031 055 1
tr8 -0.41 -05 015 03 001 023 0.63 1
tr9 052  -048 058  -054 077  -086 049 0.004 1
trio 087 079 0977 097 0.75 037 -0.1 0.05 -0.59 1
tr11 = 065 051 071 061 0.27 051  -031 -0.03 045 078 1
trl2 0004  -001 0.09 0.06 0.56 07 0.89" 03 081" 0.5 -0.04 1
tr13 079 068 085 077 05  -06 0.16 0.09 067 080" 094" 017 1
tri4 087 079 096" 0917 079 034  -0.05 0.08 059 099" 072 018  -0.84 1
tr15 068 0.74 0.7 076 088"  -0.08 01 -0.06 039 062 0.01 023  -026 068 1
tri6 0.6 0.58 0.73 0.7 08" 0.3 0.28 0.33 -046 075 021 0.34 -04 081 089" 1
tri7 083 078 0937 08 087 026 0.04 013 057 0947 055 023 071 0977 081" 0017 1
tr1g 0997 0997 092" 097" 074 0.1 -0.38 -0.5 049 081" 0.56 0.02 072 08" 07 0.56 0.78 1
tr1o 0927 08" 0957 096" 062 037 -031 -0.18 056 0957 088 002  -095" 092" 046 053 082 086 1
troo 0957 0927 0997 098" 084 023 016 -0.15 057 0957 063 0.12 079 096" 077 078 095" 093" 001" 1
tr21 038 0.52 0.29 0.44 066  -023 016 -0.32 024 013 042 0.26 0.15 021 08" 055 038 046 002 039 1
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