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Tablel. Some soil physical and chemical characteristics using in the experiment

Soil texture  Clay  Sand Silt oC EC CEC K P N
% PH dSm? Cmol: kg? mg kg %
Silty loam C 183 67.25 0.95 7.83 0.92 9.86 448.8 6.46  0.0045
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Table2. Characteristics of humic acid used in the research

Trade name K,0O

Fulvic Acid Humic Acid
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Table 3. Analysis of variance of humic acid levels, p levels and methods of their application on growth
parameters of canola

Mean Square

Source of variance df Plant Number  Number Leaf wet Leaf Stem Stem
height of of weight dry wet dry
leaf branches weight  weight  weight
Application method (A) 2 321.1** 156.5** 0.11lns 34.5%* 0.46**  130.6** 4.11**
HA levels (H) 2 2098.5** 110.7**  8.25**  491.6** 6.35**  1536** 67.8**
P levels (P) 2 1054.2** 1355** 2.25* 162.4**  2.38**  743.2** 32.2**
A x H levels 4 103.9**  30.6** 0.81ns 10.4** 0.10ns 30.5%*  2.04**
AxP 4 16.7** 4.5ns 0.37ns 1.87* 0.02ns 26.7**  0.86**
H xP 4 41.9*%* 22.3** 0.74ns 17.5%* 0.18** 68.7%*  2.05**
H xP xA 8 15.4** 6* 1.54* 0.56ns 0.02ns 9.87**  0.19ns
Error 54 0.97 2.29 0.81 0.56 0.04 0.90 0.20
C.V (%) 0.97 7.77 18.1 4.84 9.77 2.90 6.60

Bl ge 20 Sy gy Jliol e o (g lobine g (s lobae pé 5 Ay i g % NS
ns, * and **: Non significant, significant at 5 and 1% probability levels, respectively.
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Table4. Compare the effects of interactions humic acid levels, P levels and methods of their application on
growth parameters of canola

Application H:C?L'C P Plant Nu(r)r}ber Number of Leafwet Leafdry Stemwet  Stemdry
method levels Levels height Leaf branches weight weight weight weight
cm gr/plant

0 86.3 15.3jk 3f 10.1p 1.39 20.5m 4.03

0 50 92.6l 17.6j-f 4.33e-c 11.3m-0 1.82n-k 27.5k 5.68i

s 100 96.3h 20e-f 4.66e-c 12.51-k  1.85n-k 29.4ij 5.65ij
k5 0 92.3lj 21.3cd 433 c  11.3mo 175nm  30.lih 6.15i-h
= 0.5 50 97.3h 33.6¢b 4.66e-c 13.8ji 2.041-k 33.3f 7.26f-e
EL 100 100.69 25b 6a 15.2hg  2.21g-i 36.7e 7.53d
S 0 100.69 2led 5.66ba 16.3fg  2.21g-i 33.6f 7.39de
1 50 110.6d 25b 4.66e-c 19.9d 2.60c-e 41.3d 8.94bc
100 114.6b 15.3jk 5b-c 22.9b 2.88ch 49.4b 10.25a

- 0 91j 17.6j-f 3.66e-f 10.6po 1.55n0 19.3m 4,171

% 0 50 93.3l 20e-f 3.33ef 121-k 1.84n-k 27.4k 5.66i
E 100 96.3h 21.3cd 4.33e-c 12.7j 1.931-k 31gh 6.57f-h

'% 0 102.5f 33.6¢h 5.33b-c 14.1hi 2.13g-k 30.5i-h 5.83i
? 0.5 50 111.6¢d 25b 5.33b-c 18.4e 2.32g-f 33.5f 7.03f-e
< 100 114.6b 21ed 4.66e-c 204cd  2.74ce 36.8¢ 7.52d
= 0 103.3f 25b 4.66e-c 16.5f  244ge  3l4g 6.63f-h
3 1 0 1166a  28.3a 5b-c 213c  289cb  451c 9.280
50 117.4a 15.3jk 6a 25.6a 3.23a 54.8a 10.94a

- 100 85I 17.6j-f 4.33e-c 10.8n-0 1.63n-0 20.4m 4,361k
S 0 0 92.3ij 20e-f dec 114l0  1.84nk 22,51 4.91jk

E 50 97h 21.3cd 4.66e-c 1241k 1.8k  283jk 5.81l
2 100 91j 33.6¢h 5b-c 11.71-0 1.63n-0 29.8i-h 6.11i-h
= 0.5 0 93.3i 25b 4.66e-c 14.0hi 1.951-k 31.69 6.76f-e
i_ 50 108.3e 2led 4e-c 16.3fg 2.43g-e 33.5f 7.29f¢
9 0 97.8h 15.3jk 4.66e-c 15.6fg 2.18g-i 30.1i-h 5.95ih
§ 1 50 112.3c 17.6j-f 5.66ba 19.4ed 2.78cd 36.2e 7.52d
© 100 113c 20e-f 4.33e-c 22.9b 3.18ab 40d 8.48¢c

ool 00,0 0 Lozl s jo Jloline Dglas pae [ Khled alie By, los ;o sl i 2 0
In each column for every treatment, common letters demonstrate not significant at 0.05 probability levels.
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Table 5. Analysis of variance of humic acid levels, P levels and methods of their application on flower
parameters, chlorophyll index and P concentration in canola

Mean Square

Source of variance df  Numberof Timetofirst Chlorophyll Leaf P Stem P
flowers flowering index concentration  concentration
Application method (A) 2 6061.9** 9.59* 577.8%* 0.001** 0.0007**
HA levels (H) 2 54675** 2119.5** 2166.7%* 0.02** 0.06**
P levels (P) 2 32914.6**  2273.4** 766.2*%* 0.02** 0.02**
A x H levels 4 2158.8** 25.4%* 134.3** 0.0002** 0.00006**
AxP 4 1279.4%* 43.03** 126.3** 0.0003** 0.0002**
HxP 4 4650.2** 313.8** 70.9%* 0.001** 0.001**
H xP xA 8 852.6** 53.2** 72.1%* 0.0002** 0.00008**
Error 54 10.4 2.97 7.25 0.000002 0.000003
C.V (%) 2.19 1.34 9.52 0.63 0.89
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Table6. Compare the effects of interactions humic acid levels, P levels and methods of their application on
flower parameters, chlorophyll index and P concentration in canola

Application Hur_nlc P Number of T|r_ne 0 Chlorophyll Leaf P stem P
method Iaud levels flower first . index concentration concentration
evels flowerin
flower plant! g (day) (%)
0 76.3n 144a 16.6n 0.16r 0.13t
- 0 50 114.6Im 139.6bhc 18.3n-l 0.19p 0.16q
2 100 122jk 135.6de 21.8i- 0.20l 0.18m
.S 0 114.6Im 137dc 18.9n-l 0.19% 0.18n
_% 05 50 164.3e 127hi 22.7i-j 0.23h 0.20k
© 100 169.3e 120k 28.8e 0.25e 0.23g
'&3) 0 149.6f 128hg 26.1i-g 0.21j 0.21j
1 50 218.6d 123j 35.9¢c 0.26d 0.27e
100 243b 106.3I 35.8¢ 0.26d 0.29b
0 74n 142ba 18.1n-l 0.18q 0.14s
5 0 50 117.6lk 133fe 21.6k-I 0.20n 0.170
B 100 132gh 130.6fg 27.2f-g 0.22i 0.191
? = 0 131gh 137.3dc 23.4i-g 0.200n 0.18m
= © 05 50 152f 127.3hi 29.5e 0.24f 0.21i
§ = 100 166.3e 123j 36.9¢c 0.27b 0.24f
o 0 131hg 137dc 34.1dc 0.21k 0.21h
-] 1 50 228c 126.6hi 45.6b 0.29% 0.30a
100 305a 93m 65.4a 0.30a 0.30a
o 0 78.6n 142ba 17.3nm 0.18q 0.14r
'E 0 50 114Im 137.6dc 20.1n-l 0.20n 0.16p
2 100 125.3ji 128.6hg 24.4i-g 0.22i 0.18nm
£ 5 0 112.33m 134e 21.7i-1 0.20m 0.191
= 'g 0.5 50 128.6hi 129.3hg 23.8i-g 0.24g 0.21i
.g' 100 135.3g 124.6ji 28.3fe 0.27c 0.22h
% 0 127.3hi 130.6fg 26.9f-g 0.22i 0.21j
8 1 50 1369 123.3] 43.3b 0.26d 0.27d
100 220.3d 1061 29.7de 0.27b 0.29c
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The effects of Co-Application of Humic Acid and Phosphorous Fertilizer
on Vegetative Growth Indices and Phosphorous Availability in Canola

Ameneh Jahandideh?, Mojtaba Barani Motlagh?", Esmael Dordipour 3, Reza
Ghorbani Nasrabadi*, Taleb Nazari®
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Abstract

Humic acid has a pseudo hormonal activity that increases plant growth and nutrient uptake. In the
present study, the effects of different levels of humic acid and phosphorus fertilizer on vegetative
growth indices (Plant height, Fresh and dry weight of stem and leaf, number of flowers, number of
leaves and branches) and phosphorus availability in canola (Brassica napus L.) cv. Hyola 50 were
investigated. For this purpose, the pot experiment as factorial based on completely randomized
design in three replications has been conducted. Treatments include phosphorous fertilizer as super
phosphate in three levels 0, 50 and 100 mg/kg, humic acid in three levels 0, 0.5 and 1 g/kg and
application methods of phosphorous and humic acid. Based on the results, the effect of different
concentrations of phosphorus, humic acid and its method of application, and their interaction in all
studied traits, except for the number of branches, were significant (p<0.01). Results of the interaction
effect of humic acid concentration and its application methods in the presence of phosphorous
treatments showed that the highest amounts of fresh and dry weight of leaves and stem obtained in
100 mg/kg phosphorous and 1 g/kg humic acid applied with irrigation water. The highest
phosphorous content in leaves and stem by 0.3 percent observed in 1 g/kg humic acid and 100 mg/kg
phosphorous applied with irrigation water. Additionally, different concentrations of phosphorous and
humic acid and their application methods and their interactions decreased canola flowering period
from 144 days to 93 days. Combined application of 100 mg/kg phosphorous and 1 g/kg humic acid
within irrigation water resulted in maximum increase in vegetative growth indices and phosphorous
content in canola shoot.
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