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Table 1- Characteristics of humic acid used in the research
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1- Nitroblue tetrazolium (NBT)
2- T-butyl hydroperoxide
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Table 2- Soil physical and chemical characteristics using in the experiment

CCE (%)(10,) Joko pundl$ il S 15.5
ACCE (%) (303) Jlsb peels’ liyyS 5.5
OM (%) (10,3) JT o3l 1.78
Sand (%) (we)3) o) 27
Silt (%) (20y3) cdows 48.5
Clay (%) (xo,3) oy 24.5
Texture il Silty loam
FC 4 )50 cod s 22.1
pH.y 7.2
EC (dSm™) S, colin colls 1.15
CEC (cmol. kg™") issls Jols cudjls 17.7
Total Nitrogen (%) (o)) JS o595 0.056
Phosphorus (mg kg™) wis L6 yas 10.4
Potassium (mg kg™) s L ealy 219
DTPA L (5,5 ojlac oyl 1.44
DTPA extractable Fe (mg kg™)
DTPA L 5,8 sjlas (59, 0.46
DTPA extractable Zn (mg kg™)
DTPA L (6,5 sjlas 55 0.34
DTPA extractable Mn (mg kg™")
DTPA U ¢ 05 oyl o 0.44

DTPA extractable Cu (mg kg™)
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Table 3- Mean comparison for the application method and different levels of humic acid on iron concentration of canola

cialejl Jole Sp S ol Bl JS ol Jub ol (%) J5 ol & Jlad opa] capuns
Experiment factor Total iron of leaf Total iron of stem Active iron Active iron to total iron
(mg kg™) (mg kg) (mg kg) Ratio (%)
Jals 120.50J 54.62¢ 20.401 16.93f
Blank
SE Spas
Soil application
lg kg'1 soil 175.52i 63.25d 30.40f 17.31e
2g kg'1 soil 180.54h 73.12¢ 32.17e 17.82d
4g kg'1 soil 192.31f 78.25b 38.58d 20.06¢
el b Gy
With irrigation water
1000 mg I 185.07g 62.75d 24.40h 13.18¢g
2000 mg I 204.61c 85a 44.86a 21.92b
4000 mg I 193.50e 83.32a 44.59a 23.04a
b slxe
Spraying
0.1 % 201.49d 63.12d 25.17¢g 12.49h
02 % 226.62b 72.87 ¢ 40.32¢ 17.79d
0.4 % 245.46a 75.37c 42.30b 17.22ef

Cand dyd B Jloin] grdaw )3 )5 xe M pae ) Sibled wlie Bgy> log o (gl oiw o )

In the each column for every treatment, common letters demonstrate not significant at 0.05 probability levels
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Table 4 - Mean comparison for the application method and different levels of humic acid on chlorophyll types of canola

] e e | ey
Experiment factor (Sr @ oies »es uiﬁ‘“) (Sriomes »es uf;:o) (Sriomes »es UJMI)
Chlorophyll a (mg g™) Chlorophyll b (mg g™) Total chlorophyll (mg g™)
sl 2.19g 1.08f 3.28h
Blank
SB Span
Soil application
1 gkg ' soil 2.57e 1.31d 3.88f
2 g kg soil 2.90cd 1.49¢ 4.39¢cd
4 g kg'' soil 3.03¢ 1.51c 4.55¢
Sl b B pan
With irrigation water
1000 mg 1! 2.39f 1.19 3.58¢
2000 mg I 3.30b 1.64b 4.94b
4000 mg 1" 3.23b 1.63b 4.44cd
-
Spraying
0.1 % 2.77d 1.38d 4.16e
02 % 3.37b 1.70b 4.31ed
0.4 % 3.58a 1.79a 5.37a

Cud 2oyd B Jloin] pdaws )3 )5 gire BMS pas ) Sibled wlie gy los o (sl ygiw o
In the each column for every treatment, common letters demonstrate not significant at 0.05 probability levels
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VYAV 155 0L 55 oal 0gaS (Kool 3ud s as L 32 Scrogud el i1

d9-¢ s (BLS ml 2529 Lol )L panlitis (185 Jid IS
2 35195 ol J:3g)IS Cunidg 9 33,5 (0 0lS )3 (5le Jdg)lS
28l )35 )80 Jiangis e

lom il Sogmisl 5,8 51 (loSike auglio b
oS 53 My 05sl5glS 5 JYB jlsannd duST g (aLS
S ggms o255) ie iy sl 0 1,1 B Jgdenys IS
(Tu /grdw) ¥IV . Sl Loy /Y slajles )3 jbgend
PrShe Ve g Swogadl (b Jplxe gy 4 byye
YY) 5l L o)l o L ol o Sogappusl B pan jid )
5ls U 10l JLag & bgryo o] e o528  (Iu /gr.fw)
L5 gola s jloalar wl (B Jsia) 29— (Tu /gr.fw) Y/VA
o S |y SUgend oSl o 31 Cdld (jne Shogutesl
5 bl T Lol jon Gpuas ((SB Gpan gy s yo )3 aali
o b > Sungeidpl Clale (Rl L Lol ol 2l (8L Jsle
20 Jgiz) 2 sl w5l ol el i ) Bpme i,
o Ay Ll cdld o lam 515l ()b 9ol 29508 Ll
Sdglie 10s Ol pss G ol ot 9 00 by sl 2l
Sy GYBY s b1 5T claey 51 (55) 35500 ol 5
3 tomnd g 35,15 5l 2T 4 GBgeunnd 1eaSTygw 3l pyd95l G g
OfeSt St (iSly classS Jolie o Jsho (2> )95l
b o ynlS L e yal smaS Linlsél b Yoana 5 it
ol D98 4SSl L (Y4) oKes g (63,keg) (YA g YA)
5 YU (slampl culld s & (soyd A0 98 LhalS o
Bl 55 (VA) () g (s 0235 5k 53 Bgenns dpuST g
5 (Glycine max) b ;31 jbgomd ST pow w3l cdlad )
d5eS 4S5 gasSan WS il § (Citrus limon L.) go
g—od LalS 5 Fe-SOD p, 895) b 4l o -l
ole (¥F) St — I g LS’ .0 3908 )b (Citrus limon L.)
L8 w0 |y ope L Sl o Shogudiwl a8 ail
oS 51 el 31 W] 6 50 o K155 oo Ssoguts sl
OF=ST JLod G JIGal) jlade 9335 JBgamad deuST g el
(1) ohlsen 5 Sloz md (il (ol sy ok )5 1, (ROS)
gomsasd sz w3l 1 Spmgamigul 3,2)18" &5 2038 (3138
S Sagedn] 32)8 &5 (5y5bas 005 > gixe o/ ) daw
OFIF e an Ty Bgomsnd MuSlppgm (fie o] 58 pae 4
Gl 03l ials duo )y

@ lises zalow 3,8 a8 ol L laodly 1Sl dunlis ol
oo 33 41y IS 85, 5b g S Siagems
boye b Jeds)lS olie oyt (¥ Jgo) o> Sal38l (p <-/+))
553n Ly 2oy <[ s b Syl 53l Jgbre ot 2
Jbosi & by slade (a8 9 S 5 (jg £S5 2 PSSk VYA
Ssmin 33 S 5 is 5 05 e VoA (sSike | snls
b oo (slonjlos amy oo 5 J5° J89)lS polde
S 53 oS sl OIFY 5:Sikio by dao s < /F e by Smgeiges
e Seopionl e 1) 0 0,5 ea Yoo o 5 St 5 s
S 15 039 035 3 p5 oo FIRF 85k b el o 50
Y/YA U&Lm L osals )LM L b9_s).o )IA.O.A L’J/p.o59 Sy ol¥
Olie 3 Rl (FUga) 39 S 55 0jg 25 2 P S ke
LS Ja_my u;l.)&)_.\ah.c uJ._> L)u.sl).s‘ J.J.) 4 .\:ly@ &39)15
oL 4 ul«i 25 0l Al e yiul38l 3 1y ek R um] 9
5 ,Slas by 038 g g |y Seogadipwl ¢ laaisolil ()
Bl L o8y slog) (2)B o)l 4 Cunglio il ole
2 4) Sejlgdyge i don 13 ) 4 () SlaSE 3 0
Voo 0y g SNl e ) 3Ses 5 (0l oS 5 (22450 ]
FB Ol 4 )5 Gl 9 Spany polis ol Guizeen (4>
PeSke Ve Seogipl (b glre 38 dlewy 4 (295
& 2 ) Seagaasl S (FY) (2l 5 (lgjaw 8L Gl )
4 (Triticum aestivum L.) pa8 ¢S g5, Slas p clale
Bl y> 43,8 (wy g (SB Bpan g (Bl Jgle sl )50
g b LaS s Ldg S Jlde y (g)b re 3l Siogudripunl oS
Shdsdne ©ygon dr Spegisnl g )3 e Ve polie
e G [y Sy J89)lS (i (S Bpas Cpgod 4
5 Saoppppal (il Joloxa o8 238L,5 (W) oS 5 g
2 Jdo,lS 5 oy )58l cuw (Phaseolus vulgaris L.) Lsg)
GyeS TS as olislge s i g s g (I3l 4k 5l 0lS
5 Slat 3y Suogsitenl (3 Jgns 5 S 35 (V) lan
a8l 903, S )y |y (Capsicum annum L.) Jald coas o
Lhbdeds)ls ohsm 9 IS Jd9 )l oliwe Smgapiinl 5,8 &8
aS 100)S (5,55 (V) o )Se 5 SO (gladdllas j> 3l 201580
AU Do)l b 2 magen g SIghnnl 5l Gy Ssoge el
Jor S as 05,8 B)IS (FA) (lSer 5 Sigw oizmen )18 0
b 53 ol paie as a0 ()15 (F1) o)lSen 5 (Sl



IWAY didwl— poge F oylod XY al>r (S g T 4 Y VAA

3B gomd a9 (S 5 Sogadpu] lises Zobaws 9532y (Slgy F1 (uSle duwnlio -0 Jgir
155 0L ;3 Sl (9505l 5 VUL
Table 5 - Mean comparison for the application method and different levels of humic acid on SOD, CAT and GPX of canola

bl Jole SOD ;U g3 dwsS1 2 ga0 CAT;yuls GPX oS 3 55 ol
Experiment factor (Tu gr'l.fw'l) (Tu gr'l.fw'l) (Tu gr'l.fw'l)
ol 2.18f 2.41f 0.80f
Blank
SE Span
Soil application
1 gkg ' soil 3.05ed 3.79¢ 1.36¢
2 gkg' soil 3.0led 3.27d 1.10d
4 g kg'! soil 2.80e 2.58f 0.87ef
Sl b Gpae
With irrigation water
1000 mg 1! 3.91b 4.46a 1.77b
2000 mg 1! 3.50¢ 3.78¢ 1.40c
4000 mg 1! 3.26¢cd 2.81e 1.19d
S Jsbe
Spraying
0.1 % 4.20a 4.19b 1.95a
02 % 3.87b 2.24d 1.31c
0.4 % 2.40f 2.90e 0.96e
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In the each column for every treatment, common letters demonstrate not significant at 0.05 probability levels
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Table 6- Simple correlations coeffcients between studied traits
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Introduction: Fe is the first identified micronutrient for crops and required in higher amount than other
micronutrients. Fe plays important roles in enzyme metabolism, protein metabolism, chlorophyll construction,
chloroplast evolution, photosynthesis, respiration and reduction-oxidation reaction as well as organic acids metabolism.
Iron, as an essential micronutrient, has great contribution in important antioxidant enzymes activity and through which
affects plant tolerance against environmental stresses. Plant enzymes including superoxide dismutase, catalase and
glutathione peroxidase are among the most important enzymes scavenging the hydrogen peroxide have iron in their
structure, so they affected by iron deficiency. In this study, the effect of soil, foliar and fertigation application of humic
acid on iron availability, chlorophyll types and superoxide dismutase, catalase and glutathione peroxidase enzymes in
canola (Hyola 308) were evaluated.

Materials and Methods: The soil was air-dried and ground to pass through a 2-mm sieve then was analyzed to
determine various soil physico-chemical properties using standard methods. A greenhouse experiment as a completely
randomized design was carried out consisting of 10 treatments and 4 replications. Treatments included humic acid soil
application at three levels (1, 2 and 4 g kg™ soil), spraying at three levels (0.1, 0.2 and 0.4%) and with fertigation at
three levels (1000, 2000 and 4000 mg L™) and control treatment (without humic acid). Soil application in the form of
humic acid powder and in cropping time based on the soil weight of the pots and treatments as spraying and
consumption along with irrigation water were divided into three equal parts and used in three stages (plant
establishment, stem elongation and flowering). Spraying was performed at the end of the day and in order to make it
more effective, several drops of moyan (foliar soap) were used to wet the leaves. After the soil had been prepared, ten
seeds of canola were planted approximately 20 mm deep in the center of the pots and Thinning was done to remain four
plants pot” at plant establishment. Distilled water was used to maintain moisture contents of the soil in all the pots
during the experimental period. Plant stem and leaves were Harvested at 139 days after planting, washed with distilled
water and dry with tissue paper Plant stem and leaves were Harvested at 139 days after planting, washed with distilled
water and dry with tissue paper. The leave and stem samples were air-dried and then oven dried at 65°C to a constant
weight in a forced air driven oven. Then the total Fe content of leaf and stem was detemined after dry ashing. In
addition, before harvesting, active iron, concentration of chlorophyll a, chlorophyll b, total chlorophyll and superoxide
dismutase, catalase and glutathione peroxidase enzymes were determined in fresh leaves. The analysis of variance
(ANOVA) were performed using a completely randomized design. Significantly different treatment means were
separated using least significant difference (LSD) test at P<0.05

Results and Discussion: Results showed that highest total iron content in plant leaves was obtained in 0.4 percent
foliar application and the lowest was belonged to control treatment. Highest iron content in plant stem and active iron
was obtained in humic acid application through irrigation at 2000 mg L-1 by 85 and 44.86 mg kg-1, respectively, and
lowest amounts were obtained in control by 54.62 and 20.40 mg kg-1. Also, greatest concentration of chlorophyll a,
chlorophyll b and total chlorophyll were recorded under0.4 percent humic acid foliar application by 3.58, 1.79 and 5.37
and the lowest chlorophyll contents were associated to control. Highest activities for plant enzymes superoxide
dismutase and glutathione peroxidase were obtained under(.1 percent foliar application of humic acid by 4.20 and 1.95
(Tu/gr. FW) and the highest activity for catalase enzyme by 4.46 Tu/gr FW in 1000 mg L-1 humic acid through was
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irrigation and the lowest enzyme activity obtained in control treatment. Findings showed that application of various
levels of humic acid increased plant enzyme activity compared to control in all of three application method (soil, foliar
and application through irrigation water). Increasing humic acid concentration decreased enzyme activities. Also, there
was negative correlation between activity of plant enzymes and concentation of chlorophyll types and active iron.

Conclusions: Active iron and antioxidant enzymes represent iron status within cell cytoplasm. Based on the results
of this study, active iron concentration and activity of antioxidant enzymes are appropriate indices for evaluating plant
tolerance to iron deficiency compared to assessing total iron content in leaves.
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