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Sample N K P Ca Mg Fe Zn Mn Cu
(ppm) (ppm)  (ppm)  (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
Vermicompost 1.579 1.155 0.3 131 0.22 1022 150 496 22
Soil 0.07 182 9.5 - - - -
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Continued table 1. ...
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Table 2. ANOVA of vermicompost effects on morphological traits and leaf yield of olive (Olea europaea L.) during two years
First year
Fresh leaf Dry leaf Fresh leaf .
Source of Plant Trunk Branches Leaves ) Leaf ) ) ) Dry leaf yield ) )
o d.f. ) . Leaf width weight weight per yield per Oleuropein  Quercetin
variation height ~ diameter ~ number number length per hectare
per tree tree hectare
3646934285 1323675802
Block 2 1404.8ns 8.8 ** 21.06ns 1578727 * 0.21 ns 1.05** 22793 ** 8272 ** . . 2552 ** 3243 **
Vermicompost 4 629.16ns  5.8* 498.8 **  1750498** 0.24 ns 0.53* 3028 ** 1631 ** 484517724 ** 261039898 **  156.6 **  169.7 **
Error 8 624.7 0.44 19.7 203716 0.07 0.07 3248 1735 51972236 27759162 0.63 0.61
C.V. (%) 231 12.1 13.3 294 23.9 8.2 10 13.2 10 13.2 2.82 3.14
Second year
Block 2 1872 * 9.6** 2ns 1429299 * 0.05ns 1.04 ** 25337 ** 7217 ** 4054003627** 1154875211** 6.7* 74 **
Vermicompost 4 1137ns 8.6 ** 650 ** 1625098 * 01* 05* 3419 ** 1302 * 547051093 ** 208350178 * 151 ** 123 **
Error 8 363.6 0.3 334 245054 0.03 0.1 340 208 54462293 33381254 11 7.2
C.V. (%) 135 6.2 12.8 29.2 171 9.3 8.3 11.7 8.3 117 7.9 4.04

ns, *, and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 3. ANOVA of vermicompost effects on leaf elements of olive (Olea europaea L.) during two years

First year

Source of variation d.f. N K P Ca Mg Fe Mn Zn Cu
Block 2 2.26 ** 2.03 ** 0.008 ** 0.2 ** 0.001 ** 16704 ** 563 ** 107 ** 5.8 **
Vermicompost 4 0.31* 0.01 ns 0.0007 ** 0.05 ** 0.0009 ** 36594 ** 185.7 * 420 ** 2.94 **

Error 8 0.05 0.04 0.00003 0.003 0.00001 358.2 35.1 24 0.03

C.V. (%) 11.01 10 41 8.4 6.2 5.8 9.1 4.2 3.2

Second year

Block 2 0.03 ns 0.01 ** 0.0006 * 0.005 ** 0.0001 ** 500 ** 10.9 ** 8.9 ** 0.4 **
Vermicompost 4 0.2 ** 0.1 ** 0.0002 ns 0.04 ** 0.001 ** 34249 ** 200 ** 421 ** 2.9 **
Error 8 0.007 0.0009 0.0001 0.0005 0.00001 19.5 0.4 0.3 0.005
C.V. (%) 4.3 11.6 104 134 5.9 114 121 10.5 114

ns, *, and **: non-significant and significant at 5% and 1% probability levels, respectively.



Table 4. Means comparison of different levels of vermicompost effects on morphological traits of olive (Olea europaea L.) during two years

Jl s> b (Oleaeuropaea L.) 3,5 o5 5558550 ouaﬁw)?ﬁsfﬂqucjhuﬂ ol anylio —F Jous

. Trunk Branches . Fresh leaf .
Vermi Plant height diameter number Leaves nun;ber Leaf width Leaf length weight Dry leaf wi:lght Fresh leaf yield Dry leaf yield
Compost s (cm) (no.tree?) (no.tree™) G (cm) (g.tree’l) (g.tree”) (9-ha!) (g-hat)
(t-ha-l) 1st 2nd 1st an 1st an 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd 1st 2nd
year year  year  year  year  year year year year year year  year  year year year year year year year year
0 108 0 aep s2c 2% agza MO MB g 07 amsc 270 1473 1836c 7o0p 1R8O 7340 3138941835
9437  1217. 160.1  204.3 64059 81733 34320 44799
1 87a 118b 49b  7.9c 29c 40c b 7b 1.0lab 0.8bc 3.57ab 3.7a bo be 85.8b  112b be be b b
2 10432 4338 53, 1000 32 44be 24 M 107ah 108ab 3320 352 08 o17ne go3p 1162 69520 86800 36933 46508
b 7b 3b bc b bc bc b b
154.6a 40.6 1724, 3.3a 1864 225.6 125.1 74554 90267 39920 50039
3 114a b 56b 11.6a b 52.3b  1816b 3b 1.42a 1.1ab 3.3b b b b 99.8b b b b b b
4 1266a 16462 7a 1120 0% eaa T4 M yuen 122 302 372 2302 27432 13892 15762 o0 10078 99578 630W7
“In each column, the means with at least one common letter are not significantly different (Duncan test) at 5% probability level.
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Table 5. Means comparison of different levels of vermicompost effects on leaf elements of olive (Olea europaea L.) during two years
Fe Mn Zn Cu
0 0 0, 0, 0
Vermicompost ___ N () K () P Ca 66) Mg (%) _(ppm) (ppm) (ppm) _(ppm)
(t-ha_ ) 1 nd nd st nd st nd nd ¢ nd st nd nd 1 nd
year 2" year year 2" year 1tyear 2" year 1Styear 2" year year 2" year year 2" year 1Styear 2" year year 2" year year 2" year
0 1.6b" 1.5¢ 2a 1.6d 0.11c 0.1a 0.52c 0.5d 0.04c 0.03d 216d 205e 59b 55d 24.5d 22.4e 4.5¢ 4.2e
1 2.22a 2b 2.09a 1.7b 0.11c 0.1a 0.7b 0.6¢ 0.06b 0.05¢ 225d 216d 57.8b 54.3d 30c 28d 4.7c 4.4d
2 2.25a 2b 2.06a 1.7c 0.14ab 0.1a 0.78ab 0.7b 0.08a 0.06b 292¢c 286¢ 64b 61c 3lc 30c 5.5b 5.1c
3 2.36a 2.1ab 2.14a 2a 0.13b 0.1a 0.8ab 0.7ab 0.08a 0.07a 457a 435a 66.6ab 63.4b 41b 37.8b 5.7b 5.3b
4 2.45a 2.2a 2.13a 2a 0.14a 0.1a 0.85a 0.8a 0.08a 0.07a 417b 408b 77.5a 74.5a 54.5a 53a Ta 6.7a

*In each column, the means with at least one common letter are not significantly different (Duncan test) at 5% probability level.
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Figure 3. Different levels of vermicompost effects on quercetin and oleuropein amounts
of olive (Olea europaea L.) (1% year)
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Figure 4. Different levels of vermicompost effects on quercetin and oleuropein amounts
of olive (Olea europaea L.) (2" year)
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Table 6. Two-year combined analysis of vermicompost effects on morphological traits and leaf yield of olive (Olea europaea L.)

Source of Plant Trunk Branches Leaves Leaf Leaf Fresh leaf Dry_ leaf Fresh leaf yield Dry leaf yield . .
L d.f. - - . weight weight Oleuropein  Quercetin
variation height diameter number number width length per hectare per hectare
per tree per tree
Block 2 3246.4** 11.9** 17.5* 2994795**  (0.22** 2.1**  48090**  15437**  7694528395** 2470025289** 28.1** 99.2%*
Vermicompost 4 1631.7** 9.2*%* 1143.2** 3344119**  0.35** 0.9** 6428** 2920** 1028529619** 467351380** 306.8** 290.7**
Error a 8 946.5 0.5 5.8 406528 0.08 0.1 631 354 101041843 56664485 1.2 3.8
Year 1 8300** 142.1** 1032.5** 198128* 0.15* 0.02ns  12885** 4175** 2061736264** 668102807** 0.9ns 28.01*
Year *
*\/ermicompost 4 134.4ns 1.9 5.8ns 31477ns 0.02ns  0.04ns 18.9ns 12.7ns 3039198ns 2038696ns 1.5ns 2.7ns
Error 10 1548.9 0.5 3 36440 0.02 0.02 349 33 5596052 5285889 1.2 4.6
C.V. (%) 5.05 9.8 4.4 11.8 14.5 4.9 29 51 29 51 3.9 31
ns, *, and **: non-significant and significant at 5% and 1% probability levels, respectively.
(Olea europaea L.) 5,5 o5t S 5 solie 5 CansmeS 005 Sl S 53 S 0 5JUT -V Joua
Table 7. Two-year combined analysis of vermicompost effects on leaf elements of olive (Olea europaea L.)
Source of variation d.f. N K P Ca Mg Fe Mn Zn Cu
Block 2 1.4* 1.2* 0.006** 0.1** 0.001** 11492** 366* 89.4** 4.8%*
Vermicompost 4 0.5ns 0.09ns 0.0009ns 0.09* 0.002** 70786** 385** 840.5** 5.8%*
Error a 8 0.03 0.01 0.00009 0.0008 0.000003 196 15.8 2.1 0.01
Year 1 0.3ns 0.47ns 0.001ns 0.007ns 0.0006* 974ns 83.6ns 28.8ns 0.8ns
Year x Vermicompost 4 0.005ns 0.02ns 0.00004ns 0.0002ns 0.00002ns 57.4ns 0.2ns 1.01ns 0.004ns
Error 10 0.2 0.1 0.0005 0.01 0.00008 1287 57.5 5.8 0.3
C.V. (%) 215 22.2 17.9 18.4 14.6 11.3 11.9 6.8 10.5

ns, *, and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Table 8. Two-year means comparison of different levels of vermicompost effects on measured traits of olive (Olea europaea L.)

Vermicompost Plant height Trunk Branches Leaves Leaf width Leaf length Fresh leaf weight Dry leaf weight Fresh leaf Dry leaf yield
(t.hal) (cm) diameter (cm) number number (cm) (cm) (g.tree’t) (g.tree’t) yield (g.ha) (g.hat)
' (no.tree?) (no.tree?) ' ' ’ '
0 116.8¢” 6.4c 19.8e 1025d 0.75d 2.76¢ 165.4e 91.9d 66191e 36762d
1 102.5d 6.4c 34.5d 1080.7d 0.94cd 3.67a 182.2d 98.8cd 72896d 39559cd
2 123.8¢c 7.7b 38.3c 1346¢ 1.08hc 3.44b 195.4c 104.3c 78160c 41721c
3 134.3b 8.6ab 46.5h 1770.2b 1.27ab 3.29b 206.02b 112.4b 82410b 449790
4 145.6a 9.1a 56.8a 2839.5a 1.35a 3.81a 252.1a 148.2a 100866a 59310a
e =N S g aslsl
Continued table 8. ...
Vermicompost Quercetin Oleuropein N K P Ca Mg Fe Mn Zn Cu
(tha?) (9.9 (9.9 (%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm)
0 18.6d 58.3d 1.5b 1.79a 0.1b 0.5 0.03c 210.5¢ 57b 23.4d 4.35¢c
1 22.2¢c 60.04c 2.1ab 1.94a 0.11ab 0.67ab 0.05b 220.5¢ 56.05b 29c 4.55¢
2 31.08b 76.04a 2.1ab 1.89a 0.13ab 0.76a 0.07a 289b 62.5b 30.5¢ 5.3b
3 33.3a 72.4b 2.2a 2.07a 0.12ab 0.79a 0.07a 446a 65b 39.4b 5.5b
4 34.7a 64.1c 2.3a 2.09a 0.13a 0.83a 0.07a 412.5a 76a 53.7a 6.8a

*In each column, the means with at least one common letter are not significantly different (Duncan test) at 5% probability level.
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Table 9. Means comparison of year effecs on measured traits of olive (Olea europaea L.)

Year Plant height d;;rr:gl(e ; Branches number  Leaves number Leaf width Leaf length weﬁristh(le?rze' Dry leaf weight Fresh leaf Dry leaf yield
(cm) (cm) (no.tree™) (no.treel) (cm) (cm) g l)g. (g.tree’) yield (g.ha!) (g.hat)
First 108b 5.5b 33.3b 1531b 1.009b 3.3a 179.5b 99.3b 71814b 39747b
Second 141.2a 9.8a 45.06a 1693a 1.15a 3.4a 220.9a 122.9a 88394a 49185a
“In each column, the means with at least one common letter are not significantly different (Duncan test) at 5% probability level.
=8 Jsas aals
Continued table 9. ...
Year Quercetin Oleuropein N K P Ca Mg Fe Mn Zn Cu
(Mg.9™) (Mg.g™) (%) (%) (%) (%) (%) (ppm) (ppm) (ppm) (ppm)
First 27.8a 68.3a 2.1a 2.08a 0.13a 0.7a 0.06a 321.4a 64.9a 36.2a 5.4a
Second 28.1a 6.4b 1.9a 1.8a 0.11a 0.6a 0.05b 310a 61.1a 34.2a 5.1a

*In each column, the means with at least one common letter are not significantly different (Duncan test) at 5% probability level.
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Table 10. Traits correlation in olive (Olea europaea L.) (Mean of different vermicompost levels)

Fresh
Fresh Dry Dry leaf
Plant Trunk Branches Leaves Leaf Leaf leaf leaf . yield
. . . . . yield K P Ca Mg Fe Mn Zn Cu
height  diameter number number width length weight  weight per
per tree  per tree hectare
hectare
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
1 1
2 0.77** 1
3 0.46* 0.66** 1
4 0.5** 0.53** 0.66** 1
5 0.26ns 0.13ns 0.57** 0.62** 1
6 0.36* 0.32ns 0.45* 0.49** 0.58** 1
7 0.69** 0.60** 0.47** 0.71** 0.51**  0.50** 1
8 0.68** 0.62** 0.49** 0.79** 0.50**  0.52** 0.97*= 1
9 0.3ns 0.3ns 0.74** 0.48** 0.54**  0.19ns 0.25ns  0.25ns 1
10  0.04ns 0.12ns 0.24ns 0.16ns 0.40* 0.40* 0.09ns  0.08ns  0.48** 1
11 -0.03ns -0.15ns 0.29ns 0.0003ns  0.19ns  -0.10ns  -0.005ns -0.06ns  0.60** 0.12ns 1
12 -0.07ns -0.32ns 0.03ns -0.2ns 0.02ns  -0.26ns -0.15ns  -0.22ns 0.38* -0.08ns  0.87** 1
13 -0.06ns  -0.27ns 0.1ns -0.14ns 0.07ns  -0.28ns  -0.11ns -0.20ns 0.54**  -0.03ns  0.85**  0.86** 1
14 0.05ns 0.02ns 0.47** 0.14ns 0.28ns  0.04ns 0.1ns 0.03ns  0.77**  0.23ns  0.91** 0.76**  0.86** 1
15 0.06ns  -0.005ns 0.51*= 0.18ns 0.41* 0.03ns 0.09ns  0.03ns  0.88** 0.39* 0.82**  0.67** 0.80** 0.92** 1
16  0.33ns 0.24ns 0.65** 0.42* 0.53**  0.08ns 0.23ns  0.21ns  0.88** 0.24ns  0.62** 0.53** 0.59** 0.73** 0.81** 1
17 0.09ns 0.01ns 0.45* 0.35ns 0.32ns  -0.09ns 0.16ns  0.14ns 0.71**  -0.04ns  0.74** 0.68** 0.80** 0.86** 0.77** 0.72** 1
18 0.31ns 0.21ns 0.73** 0.59** 0.55**  0.28ns 0.32ns  0.34ns  0.81**  0.02ns  0.61** 0.48** 0.55** 0.69** 0.73** 0.84** 0.80** 1
19 0.17ns 0.04ns 0.53** 0.36* 0.38* 0.006ns 0.18ns  0.16ns  0.79** 0.00lns 0.79** 0.70** 0.82** 0.87** 0.83** 0.79** 0.96** 0.89** 1

ns, *, and **: non-significant and significant at 5% and 1% probability levels, respectively.
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Abstract

Olive (Olea europaea L.) is a valuable medicinal tree in addition to being used as a food.
Olive leaf, as an organ containing active ingredients, is of great value in various industries. Use
of olive leaves extract as a natural antioxidant is one of the most common applications of this
plant. Oleuropein is the most important phenolic compound in olive species that plays an
important role in health. Oleuropein and quercetin are used as effective compounds in anti-
cancer, anti-virus, and anti-inflammatory drugs. To investigate the effects of vermicompost
(0, 1, 2, 3, and 4 tons per hectare) application on morphological traits, leaf yield, and
oleuropein, quercetin, macro and micro elements of the olive leaf extract under field conditions,
an experiment was conducted in a randomized complete block design with three replications
(nine shrubs in each replicate) at the Alborz Research Station, Research Institute of Forests and
Rangelands in two years. Three-year-old shrubs were planted at a distance of 5 m on the row
and 5 m between the rows at a depth of 50 cm. Vermicompost affected fresh and dry leaf yield
per hectare and quercetin and oleuropein amounts of the leaves significantly (at the level of 1%
probability) in both years. The highest dry leaf yield per hectare was obtained in the 4 tons of
vermicompost treatment (55.573 kg in the first year and 63.047 kg in the second one). The
amount of quercetin increased from 18.48 and 18.7 pug.mg* dry matter in the control treatment
(in the first and second years, respectively) to 34.67 and 37.7 pug.mg? dry matter in the 4 tons
vermicompost per hectare treatment (in the first and second years, respectively). Also, the use of
2 tons of vermicompost per hectare increased the leaf oleuropein in both years. Different
vermicompost treatments increased the uptake of most macro and micro elements including
phosphorus, calcium, magnesium, iron, manganese, zinc, and copper in both years. The results
showed that the appropriate amounts of vermicompostcould be used to produce a plant with
high quercetin and oleuropein.
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