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1- Claroideoglomus etunicatum
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1- Dry ash
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Table 1. Selected physical and chemical characteristics of the used soil and vermicompost.

Sl \;ﬁﬂ)?&gj)ﬁ ;_}iﬁ
Soil Vermicompost Characteristics
13 _ (As,3) o
Sand (%)
51 _ (M)J) C,.L:,..u
Silt (%)
W)
36 - (h253) )
Clay (%)
e o 08 _ sl
Silty clay loam Soil texture
: ey S glds L
EC (dS m™)
slac
75 7.75 IS
pH
Tosle
0.85 442 (hos2) Sl es
oM
- .
0.03 2.15 (hos2) J5 03552
Total N
< < ed sl /S
124 14194 (e S 5h8 52 05 ) sl 108 S
P Total/Olsen (mg kg™)
S s $ L) olS eslinal LG/ Ly
620 10000 (0 S AS 53 5 ) ol oslizal LB/ IS el
K Total/ Available (mg kg™)
55 3274 (5SS 53 p S k) | o 5 53 b gl aal LB/ S ol
Fe Total/ DTPA (mg kg™)
122 248.8 (S5S 2 e S k)| 2 5 o b gl Al JB /S 55
Mn Total/ DTPA (mg kg
162 8.7 (RS e Skl o 5 @ b gl LB/ S o
Cu Total/ DTPA (mg kg™)
0.6 1123 ((;)1:5)36;3:*)'&Ljd’@c'ﬁ«'&.u/‘_}sdﬁ)
Zn Total/ DTPA (mg kg™)

CEC (Cmol" kg™

* The total amount of elements is related to vermicompost.
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Table 2. Main effect of arbuscular mycorrhizal (AM) fungus, vermicompost and phosphate sources on root
colonization, some growth parameters and phosphorus uptake of lettuce.

b Sy SO ) 5o OplS aas
: el 5o er) P00y Qs 8]
BN SIP . oSNka) 7t ) (OIS s i, s
(O e (s GEY :
- Chlorophyll w2 D Fresh Root Treatment
P uptake index Number of weirgﬁlt (welgth}) CO]O?;/Z?UOH
-1 g po 0
(mg pot™) leaves (g pot™!)
[EIEERE
76.342 B 31.974 30.66 16.9083 ® 306.37 4 4268 " "
No F R
el
F
ok Jyale
98.158 * 33364 314 20.4708 * 310.014 57.698 A oo
AM inoculated
76.083 ® 31.6323° 29.6° 16.9521°%  286.41° 28.721° 0 ~
w}wb 3%)
98.4174 33.7146 % 32.06 % 2042714 329974 332454 1% v
Aals
71.084 P 364314 29.167 8 16.8125 € 283.55°¢ 355574
Control
Slivs Sl
932258 32.0218 31.042 A8 19.7875 B 305.8° 313928
RP
olansd dt.a
b edS (55 Ps
79.387 ¢ 31.87°% 30333 B 17.1458 ¢ 284.135€ 30.461°8 - hed
TCP
5 oolawd
105.303 30.36 ° 327924 21.0125% 359304 % 26523 ¢ 7 s
TSP

AL w5 slsbas LSD ()}aﬂ)l_x.p)zo CE.AJJL;)LJ Ll 5l ctizen S5 S e O G il [)}:.w,a)aashgah\.olﬁ

* Values followed by the same capital letter at each column are not significantly different at LSD test (P<0.05).
F: Fungi, V: Vermicompost, PS: Phosphate Sources, RP: Rock Phosphate, TCP: Tricalcium Phosphate, TSP: Triple

Super Phosphate.
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Table 3. Effect of arbuscular mycorrhizal (AM) fungus, vermicompost and phosphate sources on root
colonization, some growth parameters and phosphorus uptake of lettuce.

Dl
Treatments
b L ekd Siale zob Osk
AM inoculated No fungus o 5aS (03
(hs )
SP TCP RP Po SP TCP RP Po .
Vermi compost
Root colonization (Ao y3) a8 aly;y O gaml3dS

37.11¢ 55.23° 53.12° 58.23° 262° 2861 2141 3.57¢ 0
4267 58.33° 75.54° 83.33*° 2.50F 433 6.11° 10.00 ¢ 1

Fresh weight (g pot™)
386.25%  278.53% 21990 194.50 ¢ 300.57 ¢ 199.80 239.85°  306.45 0
38630 356.47%  32445%™ 33375 388.50* 35000  364.10®  301.75% 1

Dry weight (g pot™) (LIS 53 ¢ 5) S 035
23.00 ™ 14.45¢ 20.96 © 11.10" 20.33 11.50" 1530¢ 1025" 0
26.90° 20.85® 22.60 ¢ 23.90° 21.85 < 1870 F 22.03 % 1530¢ 1

Number of leaves (plant’s average) (85 53 Se) S5 slaes
34.17° 28.17 < 27.83 < 2633 ¢ 33.00 ® 29.00 >° 26.83 ® 31.50*¢ 0
32.17 % 31.83 ¢ 33.00 ® 34.50° 31.83 % 27.67 ¢ 33.67® 31.83 ¢ 1
Chlorophyll index S 2L

29.80 28.10 ¢ 30.58 it 30.10 & 33.12°¢f 31.02%¢ 34.68 ¢ 35.65 ¢ 0
37.37 % 38.47® 30.32 ¢ 4220° 21.17" 29.90 & 32.50 ¢ 37.77 1

P uptake (mg pot™) (OIS 53 0 8 o) i Codor
115.65° 89.30 °'t 106.96 * 57.421 81.93 & 53.167 69.70 ™ 34.54* 0
117.06° 93,57 «f 153.07° 83.12"¢ 104.42 > 79.25 ¢ 98.81 < 58.021 1

Al e Slslas LSD 5031 L Ao y5 0 a2 bl Blod 5l s S S S gt e S glyls sy a3 oS (gslael
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* Values followed by the same small letter are not significantly different at LSD test (P<0.05).
Py, RP, TCP and SP indicate: without phosphate source, rock phosphate, tricalcium phosphate and triple super phosphate

treatments, respectively.
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Abstract

Background and Objectives: Phosphorus is one of the important macro nutrients. Available
phosphorus in calcareous soils is low, due to high pH and calcium carbonate and low amounts
of organic matters and moisture, also phosphate minerals are insoluble in such conditions.
Arbuscular mycorrhiza inoculation for improving plant growth and yield has become so
attractive recently. The symbiosis between plant roots and arbuscular mycorrhizal fungi with
increasing phosphorus uptake (through phosphorus uptake by extra and intraradical mycelia and
also solubilizing inorganic and organic insoluble phosphates), other nutrients and water cause
increase in plant growth. Vermicompost increases the growth of plants due to having nutrients,
plant growth regulators and beneficial microorganisms. This research was conducted to evaluate
the effect of arbuscular mycorrhizal fungi, vermicompost and phosphate sources on root
colonization, shoot fresh and dry weights, number of leaves, chlorophyll index and phosphorus
uptake of lettuce in a calcareous soil.

Materials and Methods: A greenhouse experiments was conducted with factorial arrangement
in a completely randomized design with three factors and replications in a calcareous soil.
Treatments consisted of two levels of arbuscular mycorrhiza (Claroideoglomus etunicatum
(AM)) (with and without inoculation), two levels of vermicompost (0 and 1% w/w) and four
phosphate sources (control (Py), rock phosphate (RP), tricalcium phosphate (TCP) and triple
super phosphate (SP) at 25 mg P kg™ level). Non sterile soil was used and its characteristics
along with vermicompost were analyzed by standard methods. Seeds of lettuce (Lactuca sativa)
cv. Ferdos were planted. After 10 weeks after planting, chlorophyll contents, leaves numbers,
fresh and dry weights, root colonization and phosphorus uptake were measured. Data were
analyzed with SAS statistical software.

Results: Application of vermicompost increased root colonization and phosphate sources
decreased it. The highest rate of root colonization was observed in co-application treatments of
vermicompost and arbuscular fungus and in the absence of phosphate sources. Mycorrhizal
inoculation increased shoot dry weight and phosphorus uptake. Vermicompost application
increased shoot fresh and dry weights, number of leaves, chlorophyll index and phosphorus
uptake. Application of SP increased shoot fresh and dry weights and decreased chlorophyll index
and phosphorus uptake. Application of RP decreased chlorophyll index and increased shoot dry
weight and phosphorus uptake. Co-application of mycorrhizal fungi, vermicompost and phosphate
sources increased shoot fresh and dry weights, number of leaves and phosphorus uptake.
Conclusion: Application of biofertilizers (vermicompost and arbuscular fungi) along with
insoluble phosphate source (RP and TCP) can be increased phosphorus uptake and plant growth
and reduced the consumption of chemical fertilizers especially SP.
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