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Table 1 - Physico-chemical characteristics of used substrate in the cultivation of seedlings
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Table 2- Analysis of variance of traits in plants and substrates

(Mean Square) o Ly o (Siles

Syl o U5 ad el Sis gy e el S gs Sp 0 Spols U5 el 5 ks o) sollans Sl lio

Potassium Total phosphorus Dry weight Fresh weight Number of Number Diameter Final Degree of Source of variation
of shoots of shoot of shoot of shoot leaves per plant  of flowers of flowers height freedom

0.031™ 0.023" 7.558" 656.565 ™" 1539.407 ™ 7.304 ™ 488.17 ™ 579.982" 3 > d’,m ‘,’z”

Method of application

0.012 ™ 0.16 ™ 5.497" 35.63" 2041.376 " 56.223 " 1279.951 ™ 278.606 * 3 Sd jlade

Phosphorus amounts

0.002 0.055 ™ 0.766 ™ 3719 61.546 " 4272 111.337™ 32.325° 9 095 Bran gy X had jlade

M x P

0.001 0.007 0.517 8.029 29.864 1.498 19.433 10.395 30 tas-

Error

7.8 4.7 41 40 30 27 19 28 Ntk

()%

JRE W PO SO K PR WS AN WS B SIS VS eR i 5*,**

** * and ns are significant at 1% and 5%, and non-significant, respectively.
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Table 3 - Mean comparison of measured characteristics in plants

() slos plsl IS o Grogghee) 5 5kas #) &l el 559 L 0 S p ol J5 ol Groeiilo) ol glis)| Sless
Total phosphorus Diameter of flowers Fresh weight Number of Number Final height Treatment
of shoot (%) (mm) of shoot (g) leaves per plant  of flowers (cm)
3.26° 34.61° 11.624 26.83 ¢ 4.41° 18.33°¢ Ml
3.48* 61.13° 12.57°¢ 50.86 ¢ 9.57* 25.15° M2
3.43¢ 69.48 18.13° 56.63° 8.62 @ 34.51° M3
3.45¢ 66.58 ° 29.09 2 64.25° 9.15¢° 35.53¢ M4
3.26° 34.61¢ 11.62°¢ 26.83 ¢ 4414 18.33 ¢ Pl
3.38° 60.08 ° 16.19° 49.41° 8.31° 28.03 ¢ P2
3.50® 65.55° 19.532 59.47° 9.61° 31.44° P3
3.55¢ 75.73® 20.09 * 65.01° 11.152 34.17° P4
3.26°¢ 34.61¢ 11.62 < 26.83! 441¢ 18.33 " MIP1
329¢ 59.07 ¢ 12.37¢ 33.21 M 9.06 19.41 & MI1P2
3.33 4 62.68 16.18 d¢f 43.41¢ 8.76 «¢ 23.41 feh MI1P3
3.61%® 63.48 17.51 ¢ 46.31 f 8.83 ¢ 24.61 °fe MI1P4
3.24°¢ 50.03 f 12.61 < 29.831 7.63 def 19.71¢ M2P1
334 % 52.43 < 11.04 f 53.56 df 9.26 b 23.01 et M2P2
3.62%® 61.03 ¢ 12.71¢ 57.33¢ 10.21 ¢ 29.56 4 M2P3
3.71¢ 82.04* 15.97 def 62.73 %4 11.21® 28.36 df M2P4
3.30¢% 59.51 de 13.86 df 41.81 ¢ 6.03 & 25.73 def M3P1
3.37 «de 64.39 < 13.44 df 47.81 °fe 6.51 cfe 38.61° M3P2
345« 71.83 be 18.53 ¢ 64.66 10.20 ¢ 35.46° M3P3
3.60 % 82.23 a 24.71 ¢ 72.26 ® 11.76 38.26° M3P4
3.38 «de 60.03 % 33.55¢ 42.73 & 6.11"% 28.2] df M4P1
3.51°% 64.44 < 27.93 be 63.06 % 8.43 cde 31.13¢ M4P2
3.60% 66.65 b 30.71 % 72.51 9.26 bed 37.33° M4P3
3.29¢ 75.18 ® 24.21° 78.73 ® 12.832 45.46* M4P4

Mlissls s M2:Jb,s, M3:Jlacy, Ml acu, + Jlyde PLigbocs jand ) o 05 oo sio P20 sliasd jaed 2 0 o 8 b Vo e, P3igliond jad 2 3 o S ko Yoo, PAi Jliosd jid o) 5 0 S Lo ¥ee

A do)s i Jlais ] maw js (SOl (glasels wix O9o5] Ubgy 4 S sime B a8 S i Y By S Plas glls sl Silee
M1: control, M2: rubbing to seed, M3: rubbing to roots, M4: rubbing to seeds+rubbing to root , P1:zero milligrams per liter of chemical phosphorus, P2: 100 milligrams per liter of chemical phosphorus), P3:200
milligrams per liter of chemical phosphorus, P4:300 milligrams per liter of chemical phosphorus. Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test
at P < 0.05.
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Figurer 1 - Effect of different application methods of biological phosphorous on

shoot dry weight of calendula
Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05.
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Figurer 2- The effect of various amounts phosphorous on shoot dry weight of calendula.
Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P < 0.05.
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Figurer 3- Effect of different biological phosphorous application methods on potassium percentage of

calendula shoots
Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P <
0.05.
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Figurer 4- The effect of various amounts phosphorous on potassium percentage of calendula shoots

Means followed by the same superscript letters are not significantly different according to Duncan’s multiple range test at P <
0.05.
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A Comparison of the Effects of Chemical and Biological Phosphorous
Fertilizer on Phosphorous Uptake and Yield of Ornamental Calendula
(Calendula officinalis)

Ali Mahboub Khomami'*, Davood Hashemabadi 2, Atefeh Barari Tajany 3, Ali Reza
Fallah*

(Received: May 2016 Accepted: Jauanury 2017)

Abstract

The use of bio-fertilizers is a global approach to reduce chemical inputs pollution to increase the quantity
and quality of plant products in line with sustainable agriculture. In this study in order to compare the
effects of biological and chemical phosphorous fertilizer on phosphorous uptake and yield of ornamental
calendula, a factorial experiment with two factors: 1 - application of biological phosphorous fertilizer at
four levels: M; (without using biological phosphorous manure), M (inoculated seed with biological
phosphorous fertilizer), Ms (inoculated roots with biological phosphorous fertilizer), M4 (inoculated
seed and roots with biological phosphorous fertilizer) and 2- the amount of phosphorous in the form of
triple superphosphate at four levels P; (zero), P> (100), P5 (200), P4 (300 mg 1", based on a randomized
complete block design with 16 treatments and 5 replicates with 5 pot per treatment was performed. The
results showed that of the biological phosphate fertilizer application methods, M4 to most of the traits
such plant height (35.53 cm), flower diameter (66.58 mm), flower number (9.15), number of leaves per
plant (64.25), shoot fresh weight (29.9 g) and shoot P (%3.45) was effective and efficient and
phosphorus fertilizer consumption has reduced. Whereas in most of the characteristics M4P; treatment
had no significant difference with M4P4 treatment. Therefore, it is advisable to reduce consumption of
chemical phosphorus fertilizer.

Keywords: Bio-fertilizers, Inoculated to roots, Inoculated to seeds, Triple superphosphate
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