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Table 1- Some soil physical and chemical characteristics used in the experiment
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097 - ety G S P <" st sand  Clay Soil
N (%) P (mg/kg) K (mg/kg) CEC (dS/m) ocC (%) (%) (%) texture
(cmol*/kg) (%)
P9 s
0.0045 6.46 448.87 9.86 7.83 0.95 67.25 18.3 14.47 Silty
loam
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Table 2- Characteristics of humic acid used in the research
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Table 3- Analysis of variance of the effect of humic acid levels, p levels and methods of their application on wet and dry above
ground yield and photosynthetic pigments of canola

C.V (%)
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Source of variance df Mean square
1051 )3 5 . e L . . 3 -
@ )" 099 PTS539 a dba,ls b Jdgyls O e g,
e wlod Chloroph  Chloroph Chl‘l’otalh | Carotenoid
Shoot fresh Shoot dry weight ylla yllb oropny
weight |
Sree o) 2 247.53** 5.41%* 0.88** 0.03** 1.24%* 0.008**
Application method
St ol gl 2 3753.20%* 115.36%* 7.79%* 0.54%* 12.25%* 0.79%*
HA levels
Sd g5l 4 1600.55** 52.10** 5.14** 0.50** 8.78** 0.50**
P levels
St Aol gglatt pas by,
Application method x HA 4 41.97** 1.71** 0.17** 0.015** 0.29** 0.0004**
levels
yaund zolow # pao g,
Application methodx P levels 4 40.29** 0.82** 0.17** 0.005** 0.22** 0.002**
Sud oot gt Sl sy 127.04% 2.94%% 0.13%*  0.020%* 0.25%* 0.06%*
HA levels x P levels
ailraw blaze ol gl
Interaction tripartite 8 10.38** 0.23ns 0.03** 0.01** 0.06** 0.002**
cetelejl oldl 1.10 0.22 0.007 0.001 0.009 0.00004
Error
(o)l o 217 5.21 2.62 3.82 233 0.76
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ns, * and **: non-significant, significant at significance levels of 5% and 1% , respectively.
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Table 4- Compare of means for interactions of humic acid levels, p levels and methods of their application on wet and dry
above ground yield and photosynthetic pigments of canola

ol eIl 0 0l Suwkd o ;
&f’“’ Cob lop TETOY asdels bgays S 35555
"_9‘&. Hhud Shoot fresh 9 ) Chlorophyl  Chlorophyll hi 0 ah I Carotenoid
Humic acid Levels weight Shoot dry weight | 3 (mg.g1) b (mg.gL) c orop_ly (mg.g)
levels P g (gr/plant) (mg.g?)
(gr/plant)

0 30.69p 5.43m 2.47n 0.63m 3.10n 0.55r

- 0 50 38.97n 7.53) 2.66m 0.69KI 3.36m 0.680
2 100 42.08I 7.47Kj 2.75lm 0.77ifhjg 3.52 0.76l
g\ 8 0 41.451 7.91ij 2.74lm 0.66ml 3.40lm 0.75n
3 5 0.5 50 47.20ih 9.30ef 3.25hg 0.80fe 4.05¢gf 0.85i
YW, = 100 51.95f 9.75ed 3.66¢ 0.90d 4.56¢ 0.969
3 0 50.40g 9.60ed 3.11hi 0.75ihjg 3.86ih 0.76mln
1 50 61.30d 11.54c 3.40fe 0.83e 4.23ed 1.05e

100 72.40b 13.13b 3.73c 1.11b 4.85b 1.19bc

5] 0 29.95p 5.72m 2.290 0.64m 2.930 0.59q
g 0 50 39.49mn 7.60j 2.94jk 0.74iKj 3.68jk 0.680
= 100 43.84k 8.41hig 3.11hi 0.79ifheg 3.90gih 0.80j
?\ =2 0 44.70kj 7.97hij 2.83lk 0.72kj 3.551k 0.78k
=2 0.5 50 52.01f 9.35ef 3.60dc 0.76ifhjg 4.37d 0.89h
3. ; 100 57.34e 10.26d 3.97b 0.95dc 4.92b 0.98f
T § 0 48.02h 9.07efg 3.33fg 0.79fheg 4.13ef 0.76ml
9 @ 1 50 66.50c 12.17c 4.45a 1.18a 5.63a 1.18c
5 100 80.49a 14.18a 4.47a 1.20a 5.67a 1.20a

:3‘ 2 0 31.24p 5.99Im 2.370 0.54n 2.920 0.63p
» s 0 50 34.020 6.761k 2.79Im 0.74ihj 3.541k 0.680
1 = 100 40.83ml 7.68ij 2.99ji 0.79fheg 3.78ji 0.75mn
22 0 41.671 7.74ij 2.78lm 0.64ml 3.43Im 0.78k
- £ 0.5 50 45.67ij 8.72hfgy 3.50de 0.73Kj 4.24ed 0.85i
—31 E 100 49.94g 9.73ed 3.68c 0.92dc 4.81c 0.969
P 0 45 81ij 8.14hij 3.18h 0.79feg 3.98gfh 0.76l
\31 = 1 50 55.70e 10.31d 3.96b 0.97c 4.93b 1.11d
S 100 52.97d 11.66¢ 4.37a 1.19a 5.57a 1.19ba
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Within each column, data with different letters were significantly different at p < 0.05.
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Table 5- Analysis of variance of the effect of humic acid levels, p levels and methods of their application on P concentration in
soil and canola

Ol s oo @313l sy Ol o (Silo
Source of variance df Mean square
'a‘.ﬁ‘ 'i é . l.l.
slgd gl yund Slgd g yopilabw phnd
P Concentration in HCO3_ 05M NH4HCO3 + DTPA
shoots
Sres ) 2 0.001%* 134.85%* 2.82%*
Application method
Seogendel ol 2 0.04** 1462.01** 31.71**
HA levels
s ol 4 0.02%* 647.58% 10.76%*
P levels
Ssogadon gshawt Brae g
Application method x HA 4 0.0001** 16.52** 0.49**
levels
b gl #C8 pas o)
Application method x P 4 0.0001** 13.09** 0.079*
levels
Foud bt Snget ol sl 4 0.001%* 253,38+ 3.84%
HA levels x P levels
aslraw blite ol
Interaction tripartite 8 0.00007** 8.13** 0.093**
ielejl ol 0.000001 1.08 0.03
Error
(o)l g2 0.48 6.41 7.54
C.V (%)

bl oo oy iy 9 S5 Jlein] a3 (g3 Gxe g ()P bxe puE ad S &y i g % NS
ns, * and **: non-significant, significant at significance levels of 5% and 1% , respectively.
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Table 6- Compare of means for interactions of humic acid levels, P levels and methods of their application on P
concentration in soil and canola

St gl 0 a e lal
Ssogd o pafrns st ] g SRS g s Dy 5 pppllabus s
Humic acid P Levels concentrationinshoots -6 5p(mg.kg-)  NHaHCOs + DTPA(Mg.kg-1)
(%)
levels

0 0.16w 8.48mn 1.10no
c 0 50 0.18t 11.24jik 1.27mno
g 100 0.20p 12.03i 1.39ml
18 0 0.19r 14.64g 1.78k
3 s 0.5 50 0.22k 18.98f 2.19gh
W 8 100 0.25h 20f 2.37gf
3 0 0.22m 14.09hg 2.09gih
1 50 0.27e 26.24d 4.21dc

100 0.28c 41.16a 5.24a

© 0 0.17v 7.69n 1.010
i g 0 50 0.19s 8.88min 1.24mno
= 100 0.21n 9.59mlk 1.34mn
15 0 0.20q 10.22jlk 1.41ml
=2 0.5 50 0.23i 11.01jik 1.81jk
5= 100 0.26f 12.59hi 2.07jih
5 3 0 0.221k 12.11i 1.63lk
i ' 15000 8§8a 224957847e ‘ 33§§3d

) .ola .0/C .

‘3\ 2 0 0.17u 8.88min 1.24mno
ol 0 50 0.19s 9.74mlk 1.78k
1 = 100 0.200 11.01jik 1.83jik
» 2 0 0.200 11.72ji 2.07jih
- E 0.5 50 23 15.35¢ 2.35gfh
3z 100 0.25¢ 18.51f 2.62f
59 0 0.22l 12.59hi 2.16gh
3 =z 1 50 0.27d 23.64e 4.29¢
8 100 0.29b 33.58b 4.76b

ol 2oy 0 Jlain] e )3y gxe BME pae (Shled ailiie By > laws o (gl (gt 2 4
Within each column, data with different letters were significantly different at p < 0.05.



WA il — oo o 0ylods FY Al (S g ol 4,55 AAe

d"f’}-ﬁs?"i Ol yS o eopmadsl sla gy b ot (6 S0 las jaud
o 3y Slos) gla a3l U (gl o (Siwod ¢l o J
(YA) ohLSan 5 (LIS 550 g5y oLS (Hawd Gl g clale
colio (asls ol (igy b odd gl ySeisl yauwd 4 00,8 5155
L (r=+/M) oYL (Sunod jl g cool @)yd oolazwl LB jaus |
lowd Ggal sl jl)55 5 (Z6a Mays L) )3 53 yiud Lo
B i 51 ey o 3ly (sl 5o (acSls 55
Sl Lala Liolisl s ay 05550l (S50 Byl 5l 5,1 olS i
iyih g CBy ) (s 4o prizmen 5 SB ohesd (905l
possel SliasS oy by, A5lo oygliio Aty slo o luas 5l liz
o D asuie 35 i opl 0wl &l 2lsy ol o I e
pilie 5 Sojgle b Cloogad L jiud 5 )Sojlas by 9
oo b gyl xe g YU Siuwad oS 5 S j0 jaud clale
sl otalesl bl b 4y iy (g pSo)lae gy 93 50 | s

2,8 oozl  Sal Sk )3 158 oslizl b jaus L)l

8 25 4o
Sl (bS5 sl (6l olgs 2l pind ks o
yid (gl2gS s ALl b ol culled b paudS 2959 e 4
slop g Gloj CubIS b oS 2980 S S lailind
oS ol sl lind (39 oyt 338 (0 i Joloeel
Sid dag g Suid 3blio )3 ofag 4 «55liS wre E5050 S
5039 LS £y9ys sl o3le Sy yhud el Sal S |
13 Ssogen dlgo S sg5me |y g5 Wlgi o land by g
ORIl g yid ot alS el Wlgie SB p Haud L Juls
S giy ol @l (bl 2 98 LS (o yied )3 Haud
Syan p)SolS 2 p)S ) g b p SIS e S ke Ve (S5
glssl 3 ) Gl iy S dnl )bl Gl Ly olyen
S o phl ) jad ke wses S (ab o b @) Lidg)lS
D9 4 0dd (6 pSoylac Hiud Jlade (p i il (B0 Vgl
9 9=0bkbe B9y 9 p)SokS 2 p )5 e TIVF (0:Slio b Gl
Voo Jbes an bgje p S LS oS e OIVY (s b gt
Al S 5hS 1 )5 o (S Bpan g jiud 0S5l S e
o)las yiud (m (6)dne 9 YU (Shuod (pized D9 Shogen
3y90 Slino L Clod g jouglalus 5 gl (g 4 0ad (65
L olyod o jl odlaiuwl a8 sw) o yaids .05 sdmlie dadllas
Rl el Klg oo (aleiar hud 3 )8 Sl sl (Seaganinl
Cleg 53 290 oS jhud il 55 g S0 (o pd B Hiud
RS 10 Lolyen jaud p)SolS p p)S e Ve e Brae (lgis
alite baly 5 53 1y (bl O L ol yon Soagan al pS5LS
9590 (=l (i slp g ol @l 4 a9 L S 58 dleiy

olube T slajlass Gas ool (Siiusen
sbaySo)las by oad glsiul jiud o (Stuen
5 SLE 5 jhud clale polie § Sjgle b Chogad b (obend
aS cal ol 5 (Sl gols awyp ool 0ad 03)5l ¥ Jgis 3 ol
o3d (5 pSoslac yhud b pdgl b9y 4 oAb (5 xS0 jlac hud
a3 (1 =/30) YL (Sian Clgd g sl (ho) 4
(V9) osmsly 5 53polS (Y Jgiz) €l 5929 a0> S (0ol
Jo5 cormdgl (slagtg; b jaud gl5itnl pulSs o5 0" (5155
oS b Sl 2 gl i el o Gl 5 sl 5 g
rmelS” b lST (e 4o )3 g oAb S 5 S 3 39290
ol Orized (U105 o a8 4y ooy (5 ] sy
L od (s ysSoylaae yinsd Mo 29 yiaS ol e oS aizdly
SSoskas gloj (3 o o3 Yioinl Lo 5y llabe 3,
Fd jlade oS0l (L5 (FF) (e 5 Wge @lis () p 28l oo
Sl S Oy b el 5 2Ll (S )5 2l
Smon (gl gy 4 (25l jaud b sl (I s poise]
9 (§3gmaho e itred .Cuild Moy gy (g)lol pdaw )3 (F =+ /VFY)
Aol bl ) adllas dyg0 S YO wyyp 3 (VY) o, Ko
i o (1 =0 AY) (VL (Siamon 45 008 (5)155 (5,8
lpd g spolble (spaie Lo by 5 cudsl (ho) b od gl
0 SLiu)S (o Lodd (6)50)las jhud jlade f cudly 392
No (1= /AF) IS oS olgn plas] jiud clale 5 Yoo
o jlade  (piomen b odyd o) gy ghaw ) ()3 e
clile bl (g 5 sompassel SluySia hes b osd o ySo)las
45 2 odalide (gl ine g (F=0/AD) YL (Stusods Ji i
st LS 5 5 pSoylas 55 ol & sl yal ol oims oLt
soolals 5 lginY gl (V Joi2) 81 jaud (g pSojlal sl
bogi odd Qlo jiud oy (1=2/0Y) (Staen 292 | (Sl (V4)
P9 lpd g peolals g 0ad (pS0)las jiud 5 5y
i Gl o Jlesle b IS o 4 (1Y) aled 5 (59l
S oluS 5 S5 olge cpl 43555 31,0 CO2 oy 4 1) yaud
5 00 pegl] g oal (GaanST SIS ok b jaud poled jind
5 Logdls aiibo o cts Gials aon )3 5 S Sl S
5 Jols (1 slosaol 5 T o3ke 48 53,8 5,135 (1) oy Sam
St al® g 00,8 Jdl ) el 0l S o o] o0
P S (o WSy Jglone 15 5 Jgloral S slaling Cgu)
o Sol S )3 jiud enlp Il carge I slse ans
5D @) Jd9)lS elol 2lon saplul Sis g 5 ()jg oy Vg
Odgl Sl byy bawgs 0ad gl Sl jiud palie b 43g)8 4 (ab
Aoy gy gdaw 3 6y sne 9 Vb (Sten Clad 5 550l
2,8 (I 5 (YY) OllSen 5 (o8 (Y Jgia) culs 392



MY 135 ol (S50 508 Slho (o5 51 3 yhand 955 00138 51 Spoged gl

235 )18 Shmgk 2y90 b il lals Sl 315 20,5 0t L3l FSOP Canbly 4 S S0ty
ly g slae)ie e > (Sl SB 3 jaud ealp ) Seogen

axlllas 3590 Slio (pm 3l (Siwod oy -V Joua
Table 7- Simple correlations coefficients between studied traits

1 2 3 5 6 7 8
Oyl i 1
HCOs 0.5M
192 olabe yiud 0.955** 1
NHsHCO3+ DTPA
o il yaud 0.841** 0.856** 1
% P shoots
a by ,ls 0.740** 0.752** 0.962** 1
Chlorophyll a
TP 0.838** 0.804** 0.929** 0.927** 1
Chlorophyll b
J5 s 0.772** 0.773** 0.967** 0.996**  0.955%* 1
Total chlorophyll
Carotenoid 134:5,5 0.891** 0.896** 0.981** 0.928** 0.925** 0.939** 1

il ge oy gy 9 S Jlein] e 3 (g0 gime g (615 gme juE i 4 i g % NS
ns, * and **: non-significant, significant at significance levels of 5% and 1% , respectively.
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Introduction: One of the most important needs in the farm planning is the evaluation of different systems of
plant nutrition. By supplying the correct way of plant nutrition, one can preserve the environment and increase
the efficiency of agricultural inputs. Humic acid contains many nutrients that increase soil fertility, soil organic
matter content, and access to macro- and micro-nutrients by preventing the formation of insoluble salts and
chelating properties. Phosphorus and humic acid stimulate vegetative growth, improve reproductive growth, and
increase the quantitative and qualitative yield of plants. In this regard, the positive effects depend on the amount
and how they are applied. The present study was conducted with the aim of investigating the effects of different
levels of humic acid and phosphorus fertilizer on phosphorus availability and photosynthetic pigments (a, b and
carotenoids) in canola (cv. Hyola 50).

Methods and Materials: The soil used in this study was collected from 0-30 cm layer of a soil profile
passed through a 2-mm sieve after air-drying. The soil chemical and physical properties were then determined.
The pot experiment was conducted as factorial based on completely randomized design with three replications.
Treatments include phosphorous fertilizer as super phosphate in three levels (0, 50 and 100 mg/kg) and humic
acid in three levels (0. 0.5 and 1 gr/kg soil), phosphorous and humic acid application ways. Humic acid and
phosphorous treatments were mixed in various forms including simultaneous mixing of humic acid and
phosphorous fertilizer in the soil matrix, application of humic acid and phosphorous via irrigation water and
coting of phosphorous fertilizer via solid humic acid before soil application. Then 10 canola seeds were planted
in each pot at 2-cm depth which were declined to 4 plants in each pot after emerging and greening phases. At the
end of the growth period (158 days), the plants were harvested. Determination of phosphorus concentrations of
plant extracts by molybdenum vanadate or yellow method and chlorophyll content (a, b and ab) and carotenoids
were measured precisely before harvesting using Barnes method. After harvesting the plants, the soil was
immediately air-dried and passed through a 2mm sieve. Then, the amount of phosphorus was determined by
sodium-DTPA and sodium bicarbonate. The statistical results of the data were analyzed using SAS software and
LSD test (at 5% level) was used for comparing the mean values.

Results and Discussion: The interactions of humic acid and phosphorus and its application methods were
significant for all measured traits at the 5% level. The results of the triple effects of humic acid levels and its
application at the presence of phosphorus treatments showed that the highest chlorophyll (a, b and ab) and
carotenoid content was obtained at 100 mg/kg phosphorus and 1 g/kg humic acid along with irrigation water.
The highest concentration of plant shoot phosphorus with an average of 0.30% was observed in 1 g/kg humic
acid with irrigation water at the level of 100 mg/kg phosphorus, although had no significant difference with 0.5
g/kg of humic acid with irrigation water. Maximum amount of P was extracted by Olsen method with the mean
of 16.14 mg/kg and Soltanpour and Schwab method with the mean of 5.24 mg/kg obtained in 100 mg/kg
phosphorus and 1 g/kg soil humic acid application. There was a significant correlation between the phosphorus
extracted by Olsen method and Soltanpour and Schwab method (r = 0.95), which was significantly correlated
with concentration of phosphorus (r = 0.84) and (r = 0.85) (P<0.05). There was also a significant correlation
between fresh and dry above-ground biomass, types of chlorophyll (a, b and ab) and carotenoids with
phosphorus extracted by Olsen and Soltanpour and Schwab methods at 5% significance level.

Conclusion: P adsorption capacity is a function of many factors. Application of phosphorous fertilizers in
calcareous soils, due to the presence of calcium with high activity, results in the formation of calcium
phosphates, which becomes insoluble, over time. Humic material in interaction with phosphorus in the soil can
reduce phosphorus stabilization and increase plant available phosphorus. The results of this study showed that
the use of phosphorus with humic acid, rather than the use of phosphorus alone, could increase the available
phosphorus in the soil and also the phosphorus concentration within the plant.
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