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Introduction

Application of natural organic matter derived components, i.e. humic acid, as fertilizer is a suitable way to improve
soil fertility and increase yield and quality of agricultural products. Many researchers reported positive effects of
humic acid on water holding capacity, soil aeration, root formation and development, microorganism activities, and
availability of mineral nutrients in soil. Antagonistic interaction between soil phosphorus and some micronutrients,
especially in calcareous soils, can cause micronutrients deficiency in plants. With regard to positive effects of organic
compounds on bioavailability of mineral nutrients, it seems that humic acid can positively affect the phosphorus
interaction with micronutrients. Therefore, investigation of the effects of humic acid incorporated into irrigation water,
phosphate and iron fertilizers application, on nutrients concentration in plants and their interactions is considerable.

Materials and Methods

This study was carried out to investigate the effects of application of humic acid in irrigation water, and phosphate
and iron fertilizers in soil, on corn growth and concentration of P, Fe, Mn, Zn, and Cu in corn tissues. To this aim, a
factorial experiment was conducted based on completely randomized design, with three replications in greenhouse.
The factors included humic acid in 0, 70, and 140 mg kg levels, (7 times as fertigation during growth season; total
use equal to 0, 490, and 980 mg kg™ of soil, respectively), phosphorus (P, as monocalcium phosphate monohydrate)
in 0 and 50 mg kg levels, and Fe (as ferrous sulfate heptahydrate) in 0, 10, and 20 mg kg levels. P and Fe treatments
were mixed with 4 kg of air-dried soil (<2 mm in diameter) and filled to the pots. Six seeds of maize (Zea maye L.
cv. Single cross 704) were seeded per pot, and three seedlings were finally kept and grown for two months. After
harvest, fresh and dried weight of shoots were measured. The roots were accurately extracted from the soil, washed,
dried at 65°C, and weighed. Sample digestion and measuring concentration of P, Fe, Mn, Zn, and Cu were done
according to conventional methods (P by a UV-Visible Spectrophotometer and metal elements by the GBS Savant
Atomic Absorption Spectrometer). Statistical analyses were done by the IBM SPSS Statistics version 26 software.

Results and Discussion

According to this study results, the main effect of humic acid, on P concentration and dry matter of shoots and
roots, was statistically significant. In presence of P (2nd P level), 490 and 980 mg kg™ humic acid levels significantly
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increased the mean of dry matter compared to blank while humic acid had no significant effect on means of shoots
and roots dry matter in 1st level of P (no P application). Increasing humic acid level from 490 to 980 mg kg7,
significantly decreased mean of shoots dry matter. The interaction effect between humic acid and the other two
factors exhibited statistical significance concerning root dry matter. The treatment combination of 50 mg kg* of P,
490 mg kg of humic acid, and 20 mg kg™ of Fe yielded the highest mean root dry matter, which was 97% greater
than that of the control. The 2nd level of P significantly increased the means of shoots P concentration in all levels
of humic acid and Fe factors, compared to those of the 1st P factor level. There was no significant difference between
means of shoots P concentration in different levels of humic acid and Fe factors, at the 1st level of P factor, separately.
On the other hand, at the 2nd level of P factor, significant differences were observed between the means of P
concentration for both other factors (significant interaction between P and humic acid, and between P and Fe Factors).
Applying humic acid could significantly increase the means of shoots P concentration at the 2nd level of P factor,
but there was no significant difference between those of 490 and 980 mg kg* levels. About the effect of Fe factor on
shoots P concentration, only 10 mg kg* level of Fe significantly increased it. The main effect of the P and humic
acid factors and interaction of the P and Fe factor on roots P concentration, were statistically significant. Roots P
concentration increased significantly by 490 and 980 mg kg humic acid levels. A significant increase of roots P
concentration was observed in the 1st P factor level and 10 mg kg* level of Fe compared to the blank, and in 50 mg
kg! level of P, Fe factor had no significant effect on it. The results showed that humic acid could not improve P
uptake by corn from the soil with low available phosphorus (Olsen extractable P lower than 4 mg kg?). The humic
acid factor had no significant effect on Fe concentration of corn shoots, but its main effect and its triple interaction,
with two other factors, on Fe concentration of the roots were statistically significant. There was no significant
difference between the means of roots Fe concentration at the 1st level of P factor (9 treatments, various levels of
humic acid and Fe factors). The highest mean of root's Fe concentration was found in treatment of the highest level
of each factor, significantly more than those of the most of other treatments. About the Mn concentration in corn
tissues, the Mn concentration in shoots was significantly increased by P fertilizer application, and Mn concentration
in roots was significantly affected and increased by 490 and 980 mg kg™ humic acid levels. The means of Mn
concentration of roots in 490 and 980 mg kg* humic acid were not significantly different. The Zn concentration of
corn shoots was significantly affected by interaction of the P and humic acid factors as the highest mean of it was in
0 mg kg of P and 980 mg kg* humic acid levels, and there was no significant difference between those of other
levels. The Zn concentration of corn roots was significantly increased by P applying and affected by the interaction
of humic acid and Fe factors. When humic acid was at zero concentration level, Fe application of 20 mg kg*
significantly decreased the Zn concentration of corn shoots while with humic acid application (490 and 980 mg kg
1 no significant difference was observed between the means. This result showed that humic acid can decrease the
antagonistic effects of Fe and Zn in soil. The Cu concentration in shoots was significantly affected by the P and Fe
factors. Usage of P fertilizer significantly increased the Cu concentration of corn shoots; on the contrary, the 2nd and
3rd levels of Fe factor (Fe applications) significantly decreased Cu concentration in shoots of corn. Moreover, using
humic acid could significantly increase Cu concentration of corn roots without any significant interaction with the
other two factors.

Conclusion
The findings suggest that in soils with very low available P, humic acid alone does not enhance the growth
and dry matter yield of corn. However, the efficiency of phosphate fertilizer can be enhanced by applying humic acid
fertilizer through irrigation water. Additionally, humic acid has been observed to mitigate antagonistic effects
between P and certain micronutrients, as well as reduce antagonistic interactions among metal micronutrients. For
the positive effect of humc acid on growth and adequate chemical composition of corn, concentration of 490 mg kg
! humic acid is recommended.
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Table 1- Some of physical and chemical parameters in soil before treatment and planting

SR Sl ) St
Parameter Value Parameter Value
=hi el (Gig cugb, 21 o3lizal L i 8
% Om, Fc Available P (mg kgt)
o 70 ol J6 el 279
Sand (%) Available K (mg kgt)
. * o slicsl LB -
e 13 sl J6 o 0.81
Silt (%) Auvailable Fe* (mg kg
o 17 Jostinad JB s, 0.45
Clay (%) Available Zn* (mg kg%
L_SB el Sandy loam . ozl J 55 1.37
Soil texture Available Mn* (mg kgt)
o - - a * a
S culan colls 354 _ olizsl B o 0.27
EC (dS m?) Available Cu* (mg kg™?)
pH 7.9

DTPA | ouss ‘5)5,:)[.4; *
*: Extracted by DTPA
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Table 2- Results of analysis of variance of shoots dry matter (g pot), P concentration (%), and Fe, Mn, Zn, and Cu
concentrations (mg kg) in corn shoot

Ol o (ke
Mean of squares

Sl e ey el Suis o
Sources of

variations df lop Hhowd o2l PR 33 o
Shoot dry P Fe Mn Zn Cu
matter
P 1 569.65™ 0.074™ 2343.90™ 12043.6™ 12.78" 105.57™
HA 2 41.64™ 0.001" 51.83™ 612.6™ 8.64M 9.30m
Fe 2 9.88" 0.001" 3273.14™ 112.4"s 1.79m 19.39™
P*HA 2 25.01™ 0.002** 727.21" 3.2m™ 17.79™ 9.95m
P*Fe 2 8.35" 0.001* 490.92" 448.1"™ 2.59m 2.66™
HA*Fe 4 1.87m 0.0003" 353.32™ 385.9™ 1.40m 3.99m
P*HA*Fe 4 1.26M 0.001"s 94.74" 346.2" 1.33" 6.44"
Error U 34 1.91 0.0004 244.63 199.8 3.26 3.22
Sl e 30.2 26.3 175 22.9 5.9 12.3
CV (%)

Aoy gy Jlein o )3 3 me pu NS 0 Jlassl prdaw ;5 )l gime 1 AV Jlain o 53 o ime st oyl O (Sagan dpl HA 5208 P
P: Phosphorus; HA: Humic Acid; Fe: Iron; *Significant at the 5% level; ** Significant at the 1% level; ns: not Significant at P=0.05.

(05 9kS 32 0,5 o) o 9 (595 ¢330 ¢ g (w0 )3) yund polic CRE (IS 2 05) by Sid (339 (il g 4525 @l Y oo
Oy g, 42
Table 3- Results of analysis of variance of shoots dry matter (g pot?), P concentration (%), and Fe, Mn, Zn, and Cu
concentrations (mg kg) of corn root

“ ©lagpo il
O s C‘:" ’ ; i Mean of squares
Sources 0 3l . sr L. " i g
Root dry matter P Fe Mn Zn Cu
P 1 32.59™ 0.0290™ 2178}1'01 3157.5™ 19.69" 101.30"
HA 2 2.94™ 0.0010" 56372.47"" 7239.1" 5.58m 79.38"
Fe 2 0.59" 0.0001m 31865.20" 22342 3.03m 46.96™
P*HA 2 2.81™ 0.0001m 7761.11" 3603.7 " 2.32m 10.96"
P*Fe 2 0.324" 0.0010" 35480.75™ 2756.7 ™ 1.10m 23.54m
HA*Fe 4 0.183™ 0.0001™ 13781.22™ 15126 "™ 15.78"™ 28.97ns
P*HA*Fe 4 0.75" 0.0003™ 17527.49" 1948.6 ™ 4.62ns 31.64m
(k> 34 0.27 0.0002 6502.46 1455.2 3.64 23.21
Error
Syt 24.4 30.1 253 31.2 4.8 22.1
CV (%)

Aoy gy Jlein] gaws y3 45 gxe e NS 0 Jlosol pdaw 3 o gz 1 A Jlass] grdaw (3 )l gime e ¢yl 0 (SKiogan dpul HA €500 P
P: Phosphorus; HA: Humic Acid; Fe: Iron; *Significant at the 5% level; ** Significant at the 1% level; ns: not Significant at P=0.05.
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Table 4- Mean comparison of corn shoot dry matter (g pot?) in different levels of phosphorus and humic acid

JERE L S o \Siho
Phosphorus Humic Acid (mg kg, 7 times as fertigation) Mean
(mg kg™ of soil) 0 70 140
0 9.38d 10.05¢ 9.464 9.658
50 13.85°¢ 19.022 15.80P 16.324
Oole 11.62¢ 14.28% 12.828
Mean
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Means followed by the same letters with the same style, are not significantly different by Duncan's test at the 0.05 level.
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Table 5- Mean comparison of corn shoot dry matter (g pot?) in different levels of phosphorus and Fe (iron)

- el Ol
Phosphorus Fe (mg kg™ of soil) Mean
(mg kg of sail) 0 10 20
0 9.61°¢ 9.55¢ 9.75¢ 9.658
50 14.76° 16.60%® 17.118 16.324
ols 12,188 13.28 13214
Mean
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Means followed by the same letters in the same style, are not significantly different by Duncan's test at the 0.05 level.
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Table 6- Mean comparison of corn root dry matter (g pot?) in different levels of phosphorus, humic acid, and Fe (iron)

i Scroged spws! o
Phosphorus Humic Acid Fe (mg kg™! of soil) b
(mg kg of soil) (mg kg'%, 7 times as 0 10 20 Mean
fertigation)

0 3.28M 3.58fh 3.72fh 3.563¢

0 70 3.48% 3.56fn 3.48% 3.51¢

140 3.28M 4.10eh 3.58foh 3.60¢

0 4.33%9 4 55¢f 3.94¢eh 4.278

50 70 5.320¢ 5.79% 6.472 5.78A

140 5,28bcd 4.8]1¢cde 5.96% 5.354

Bl 4.16 4.41 4.42

Mean*

)85 6 ol Moy iy s 53 (5SS (9051 b eI sixe Coglis itans plBeh g Coghd S e gy (gl & olap Sl

s ol ¢ uilyly (5555 gl ol Jole Lol 31 (398 sl sine o 4 ¢ sSle (g lio o
Means followed by the same letters in the same style, are not significantly different by Duncan's test at the 0.05 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.
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Table 7- Mean comparison of P concentration (%) in shoots of corn as affected by the interaction of phosphorus and humic

acid levels
Fed e e o oSl
Phosphorus Humic Acid (mg kg, 7 times as fertigation) Mean
(mg kg of sail) 0 70 140
0 0.134¢ 0.138° 0.126° 0.1328
50 0.1910 0.2122 0.2252 0.208*
oSk 0.163 0.173 0.178
Mean*

)15 e lol sy ety g 3 SIS 903 L eI gime glis izt wlinn 5 Cogipn S e gy sy &S placpSike
5 plosl e iyl s o0 ol eluly Jele Lol 1 (90 ol cine b 4 (uSila (gunlio s
Means followed by the same letters with the same style, are not significantly different by Duncan's test at the 0.05 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.
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Table 8- Mean comparison of P concentration (%) in shoots of corn as affected by the interaction of phosphorus and Fe levels

5 ol ) R
Phosphorus Fe (mg kg™! of soil) Mean
(mg kg of soil) 0 10 20
0 0.126° 0.133¢ 0.139¢ 0.1328
50 0.196° 0.2272 0.193° 0.208*
Orls 01618 0.1708 0.1834
Mean

85 6 lol Moy i s 53 (5SS 9051 b eI sime gl itants wlBeh g Cogded S e gy (gl &S ola pSibie
Means followed by the same letters with the same style, are not significantly different by Duncan's test at the 0.05 level.
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Figure 1- Effect of humic acid on phosphorus concentration of corn root
Means with the same letters are not significantly different by Duncan's test at the 0.05 level./
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Table 9- Mean comparison of P concentration (%) in corn root as affected by interaction of phosphorus and Fe levels

- 0! . oo
Phosphorus Fe (mg kg™ of soi) Mean
(mg kg* of soil) 0 10 20
0 0.074be 0.079° 0.063¢ 0.0728
50 0.1152 0.1192 0.1272 0.1207
FosSls 0.095 0.100 0.094
Mean*
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Means followed by the same letters with the same style, are not significantly different by Duncan's test at the 0.0 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.

owyp 39 dasds 55 .(2002; Sarhadi-Sardoui et al., 2003
sy lis @3 len plasl y3 ol clale ol g jaud 38 45t
yand 3,8 L g ialiel yal 58 L lga il el clale o
.(Chakrol-Hosseini, 1999) b . ials
B j2d) S o 39008 Ly 3 &S L5l Lingl gl
plosl (1 sz 516 4S50S 5 05 e o J 58 sl
oo Ailgi oo 0LS 408 dauds 5 phud dgueaS mdy aS Dl L codd
Gpao b ady; ol clale @l s 93,5 olS ol clale jiol38l 4
Sobsiae gy eyl g yiand )5S16 53 o gine Sy egMe 5o
235516 Blite SIS ppized 0 55 Seagen ol 59256 51 o
29 b (¥ Jgiz) 50 )b ae 0l g jaud calEg> S 1
b bSlhe gaumlie doygslh b e gallaw JiSeny &
o 3 (V0 Jgia) 205 plosl (10, gty s 1) 5SS (9051
J plSan ol 5 Seogn sl zshaw SRl L plojen ool
b Jg isly &bl Sl el bre MBS Bl sl SSbe
s oS il iolidl aday ol clale «Siogan duwl G yne lade
ol cbale 5 i De b e il Bl cpl ol ¥ adaw
S 25,5 oanlie oyl 1 45 o g VL o 5
2 58 onl Bpae ol 5l g aals 5l e Joyd Ve d9us
o (Y gdaw ) yad 5,8 L Js 555 )b re Siogud duwl V pxdas
PSS 53 8l .5 L Y+ 355 (¥ s Y ) st S
b 503 s 93 & G Ay o2l S ne (Il cge SB
ol g SB s ol I ela eSheS” LS s 4 cul

IRV P W VY

b jiud Somy )0 adyy jhud clile (Ske (saulie
S pSokS ol o5 ke Vo 0,8 L a0l (s (4 Jo2)
Camd 5yl ne yobody ) pind Cale e cind Bpan (9
Col a8l S (S eSS gl oS ke Ve w4
b CBle (SB pSolS  jaub p)S (Lo B0 28 L S by
e b o (Jg 31> L5 S stme (ial33l ol gl plas o
ol o] 51 Sb bt s oad gyl gxe BB (3,8 yal
SE a4 ool Gane oS (9381 (ST jid 6 Lulyd o oS
Ny cpl d9d jhud Ole g enlp el Coge Wl
sy 5 St s 4 Wlgi o S5 4id 5 ol (S
5l opn] slacling

oal clale
o g gl plal ol il il <02 gl ool
P9 5 ) oy S e 3 copl g yiud glaySh 36
plul ol clale 5 )l gxe 51 oyl O > Siogen dual 50,8
saBaw 5 algd s S eay orzes (1 Joio) Cutls alsa
Chand 3,8 S Iy e (gylel Ja5 5 Shg oyl g s S Aaw
I 2SS 1 Sk B 4 WY lsn plsl ol el
D9 ok hed (o Gl )leg 4 G 2o)d WY &S Ly gine
4 a5 b olS (G Cumdg dge @ Sl o Gl
i ol d Lyl )3 oS Cas Sy ol A8l SB aud i
5 oald il cely Sland sladgS Bpas 30 jlasl (SB
Yo g Ve 3yl a8 ol ol oSSl (gunlio Wgs ol Ls
oAl CBIE s g Gl cnge S S8 1 ) 5
Lol canl 0133yl )5 pae paw A Cuns (olgn plul
(7 JS) il oyline OS] paw g3 ol (slaoyuSiie
2 &9y 5 ool Glieg) e polis 5 jaud o ile (S ey
ol il s 4 Slg5 oo & cunload (3135 63L5 slasing i
Ronaghi et al., ) 3L olS 9,0 by Jlasl ials g polic oyl



V)i ol oogs oTH 2 65Lel T Lol pod Sogad apl 15T (S0 5 o0 ol

160

s2led o1l u.ibl chle

Shoot Fe Concentration (mg.kg?)

oo

140 A
120 B
100
80
60
40
20
0
0 10

20

Fe (mg.kg of soil)

P PEPIRY) ubi chle uhi 30,8 ,.;JU -y UG
...\5)\.\5 ‘d)l‘] o) ey C.Ia.w Bhl ‘Oijb O}a}i L d;l.)@m QgL&J J)mla g_§9)> dl)la L;Lmu\i;lm
Figure 2- Effect of Fe (iron) on Fe concentration of corn shoot
Means with the same letters are not significantly different by Duncan's test at the 0.05 level.

o2l (Soog spwl ¢ pund il obaw 1 (0SS 52 05 o) sy (o2l CilE (gla(nSle (gaunlio —Y ¢ Jooa
Table 10- Mean comparison of corn roots Fe concentration (mg kg), in different levels of phosphorus, humic acid, and Fe

(iron)

- o o S o
(nfghﬁzahgfrsgil) Fe (mg kg of soil) Hum(l)c Acid (mg kg 7(7) times as fertlgi\gon) Mean
0 380.25¢ 411.98¢ 477.59« 423.38
0 10 391.34¢ 472.86% 480.15% 44418
20 384.49¢ 488.16% 406.69¢ 426.48
0 498.26% 481.31« 508.02¢¢ 495.98
50 10 493.76% 499,54 599.17b¢ 530.88
20 458.82% 734.97% 794.16° 653.64

l\oﬂﬁﬁlﬁ" 434,58 501.9 548.17

ean

5,185 g lol Lo 3 gy o 13 SI (9051 b syl stme glis plin g Cgden S ite gy (sl slapSike
Means followed by the same letters in the same style, are not significantly different by Duncan's test at the 0.05 level.
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Figure 3- Effect of humic acid on Mn concentration of corn root
Means with the same letters, are not significantly different by Duncan's test at the 0.05 level
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Table 11- Mean comparison of Zn concentration (mg kg) in corn shoot as affected by different phosphorus and humic acid

- Sl s
Phosphorus Humic Acid (mg kg, 7 times as fertigation) Mean*
(mg kg™ of sail) 0 70 140
0 32.49° 33.06° 35.522 33.7
50 33.54b 32.07° 32.455 32.7
FosSle 33.0 326 33.9
Mean*
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Means with the same letters, are not significantly different by Duncan's test at the 0.05 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.



UV id alond sbosS T 5 6 obal O b ol yob Sagud dunnal 15T o150 g o) Lof

Shy ol 2 38 e S ean g Sl )
Pogine 5T o 1435 35 Ady e Sl (Y i) 25 oamlie
Josine S om s g ool Sl g C5 )15 Sagm dpul 5 jid
@ Cod Hind ¥ daw )3 2lgp il e cdale (1 Jgaz) K395
ol cpl sl (ilil 0oy VO ad 205 pae ) daw
eslis snsgs 3 e 39005 ) ol 41355 33100 o Vgise
St ady) S 59 Gl 58 Gl cnl 2 &S S Ay,
lop plul e clale (yal 38 Jlade Lil38l b il g ol )
2ol p S bke Yo g 3 i il yl Jg cl ials @)
292 Joisime ) o) dald & Cans ke o o (S SelS
DS piegh S 0 e 5 nl (e GESeay (F USS)
qoanlS” clale a5 > )S° 5)155 (Fageriya, 2011) L > .cavloss
Bl (5l sne Al o 3)l87 L gy oS o ool g i
Uaals (Ouzounidou et al., 1995) |)\Sen 5 gaigisl cpinpen
103,85yl 55 1y e 398 3,0) 8 L al clale Iy sxe

Oial38l 0ud 355 L ¢ olga plul aSled iy jd e clale
Saoged duuwl 250587 .(0 JS5) 29 duo pd VY 25 &S Cdly o sixe
aw y0 il pl a8 ol b xe iolial ) Ay we cdale 35
b g cin > Soogen Sl p)SolS 08 Lo VFe 5 Ve
Ve g Ve 08 o atdl g oy WY g VA e 5k
A5 odaliie Caz cpl Sl )bdgne Cgli5 pSokS 0 p)S e
(adey 9 2lg plal) (2LS (el e chalé 3590 )3 (0 JSK3)
gk cpl )3 enp 2390 S B A o () Fre WS
23,5 odnlie

OsSle dSigysbds MDD dee adyy 55y cale p jaud
S pSslS )3 jhud p)S e B )5 L ady) (g5 clale
sl S oy el Ll p)SelS s 5 ke TYIY 4 FO/
iy D Pme adyy gy cble 55 el 5 g
4 ool gaw (il 453 Ll Spogn a5 ol (ESen
Cage «Spoger sl 308 (g4 SBp)SolS oS e Ve
ol & bl 1 OY Jgie) b adyy (g9 clalé I e ialS
g orl (235 i plgie ol & alga plil > clale ials
SialS g 0395 )5 gxe ¢ 2len pluil 4 o] sl g )3 olS 5> (¢,
by o SBl Qla o yate 90l <)y 4 w@dyy g,
Gl g SB > Jslwe gl Sl S5 3 bl S
AT 5V o) Soogan ol 58 b 235 oy 0l bawg
Casline 1y ol 9,55 )l ne ey 59y ke oal talS
Jobre (gl Sl 3bny) b s dtailyy Spmged dpusl Yloinl oS
Nezami & ) 5sSdo g olls amd ilidl 1) yaic 40 o onlyd
b JI slodnl Gyme o5 15,8 555 55 (Malakouti, 2016
5 b oo GRIEIL Sl GasSE ) (Vse L Ve cbale
PH Lials b JI classl w8 Gyl 1) olS 5L cunslys oy,
Ol ol ® Gl )3 g9y paie b uSleS bl g jhugn) 4l
(Hoffland et al., 2006) x> i oLS (sly yuaic

e i
O glon il 3 e clale (il )l 35 @l el
O 22 Seagap sl 9 28,5 )15 al g jnd o gine 3b ot Lo

Scogd gl 9 (2] liseo gobaw 13 (0,5 5hS 12 0,5 (o) )5 Al ) (59, CBLE oSl (Samalio VY Jgua
Table 12- Mean comparison of Zn concentration of corn root (mg kg?) in different levels of Fe and humic acid

ol o S e o i e Silen
4 . Humic Acid (mg kg, 7 times as fertigation) -
Fe (mg kg™ of soil) 0 70 140 Mean
0 47.18 45,9 46.72 46.6
10 47.28 47 .42 46.22 47.0
20 43.7° 46.0% 48.42 46.0
Bl 46.0 46.4 47.2
Mean*

)5 g ol doyd gy g 43 5SS 9051 b ¢l sire Caglis oS yiika g > (sl (slapSile
i plosl e uibyly o0 gl Gelwly Jele (ol 51 g0 45 gme Jdd 4 ¢3Sl (g o 22
Means followed by the same letters, are not significantly different by Duncan's test at the 0.05 level.
*: Mean comparison was not done since the main effect of the factor was not significant according to the ANOVA results.
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Figure 4- Effect of Fe on Cu concentration of corn shoot
Means with the same letters are not significantly different by Duncan's test at the 0.05 level
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Figure 5- Effect of humic acid on Cu concentration of corn root
Means with the same letters are not significantly different by Duncan's test at the 0.05 level
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