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Table 1. Physical and chemical properties of 21 used soils in this study

clale olys Coloe VR o loss
> . ) ) O adlaie )JB.
JUd oS uSJfS” s“))
Cu . Soil
concentration ACCE EC pH FC Silt  Clay Sand Area NoO
(mg kg?) (g100gY) (@Sm?Y @100 ghy.....
0.79 3.49 349 813 10 14 9 77 Sard r00d s5.5,- 1
1.21 1.36 136 812 17 34 14 52 Azar shahr 51 2
1.53 1.62 162 81 21 39 24 37 Ajabshir s e 3
381 2.14 214 814 23 28 25 47 Ajabshir .4 coxe 4
0.59 2.87 287 797 12 16 9 75 Bonab L 5
0.45 2.04 0.97 8.17 25 29 28 43 Maragheh azl . 6
1.74 0.95 095 828 14 27 20 53 Maragheh <1 . 7
0.94 1.44 144 827 16 17 12 72 BoSANUSusolicke g
abad (Ghorigal)
1.01 0.91 001 821 18 27 21 52  Bostanabadsli . 9
B LL 6,8 ) oLl -\l
1.03 0.84 084 803 25 34 39 27 OStAN (L o2) bl pbs 4 )
abad (Ghareh baba)
2.27 1.94 194 793 30 28 26 46 Hashtrood ssyze 11
1.81 2.4 24 812 26 39 32 29 Mgt o2l e 12
Se rahi-Horand
1.47 3.04 3.04 8 23 29 23 48 relS g 13
Horand-Kalibar
3.62 2.16 216 8 11 23 13 64 sl = els 14
Kalibar-Oslandoz
1.82 1.15 1.15 8.05 26 54 34 13 Marand ;. 15
1.81 1.08 108 811 23 45 29 26 A 5ol iy 16
Marand-Hadi shahr
1.19 36 36 806 21 38 27 34 A g3l iy 17
Marand-Hadi shahr
1.49 1.67 167 81 19 42 15 43 Aras-Jolfa b - ) 18
1.08 1.33 133 815 12 51 18 31 A 3la ~lale 19
Jolfa-Hadi shahr
1.71 1.4 14 808 11 9 5 86 Hadi shahr o5 esls 20
0.61 1.04 104 793 16 12 5 83  Jolfa-Marand w,.-tl> 21
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Table 2. Statistical description of physical and chemical properties of 21 used soils in this study

Ol gy S Bl il
Coefficientof ~ Standard ole FSloe Jla> bl
variation deviation Mean Maximum  Minimum Parameter
41.04 20.28 49.42 86.12 12.56 Sand 2
47.26 9.6 20.31 39.48 501 Clay .,
41.35 1251 30.26 53.86 8.51 § Silt et
69.69 8.30 11.91 26.41 1.62 = CCE Jobao pds by 5
67.52 3.24 4.8 10.74 0.86 = ACCE Js s wli s
57.8 0.45 0.77 2.3 0.14 OC Jicns
1.2 0.1 8.1 8.28 7.93 silee pH
47.81 0.85 1.77 3.6 0.84 EC (dS m) sl cylan
79.47 2.72 3.42 12.73 0.76 Fe’ !
55.0 3.32 6.04 15.37 0.67 _ Mn” ;5.
55.51 0.87 1.57 3.81 0.45 i@ CU” e
82.57 0.39 0.48 1.24 0.07 2 Zn" s,
37.02 107.55 290.45 474.83 1428 K sl
49.18 3.58 7.28 12.6 1.49 P*jaud
43.97 16.25 36.95 90.57 21.50 Cu-Total Js s
el 0ad &3l i LB clale %
*Available concentration
160 -
¢
140 - .
120
k= MR
2 ig 80 o |® R
g % 'S
gc %1 ¢ .
40 1 v V--mg kgl = il alas
20 - /
0 e I e o B B I B e |
0.0 0.5 1.0 1.5 2.0 25 3.0 35 4.0 4.5

Cu-DTPA (mg kg1)

e 0 ySlos 3o yd A+ (51 DTPA-TEA ,uS6,lac g (ygmdi-caS (5510905 o9, L S o 1y gdaw ) S0
Figure 1. Critical level of Cu by graphical Cate-Nelson and DTPA-TEA method for 90 % relative performance
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Table 3. Variance analysis of the effect of copper level and soil type on the growth of corn
ady) S G S (38 e 5 05

iy B Og9 @olil a0

=) [SF) . . 25 2l
Root dry Root fresh weight Sl Shoot fresh Degrees e
weight Shoot dr weight of Change source
1 1 y 1

(@ pott) (g pot™) weight (@ pot™) freedom
0.19™ 143.82** 3.09™ 1119.24** 2 Block 5L
0.80** 62.66** 15.80** 1663.72** 20 Soil s
0.28 ™ 35.10™ 40.20** 6589.56** 1 Copper .
0.35* 30.64** 6.73** 612.50* 20 Soilx copper . xS
0.30™ 13.33 ™ 2.74 ™ 309.50 ™ 82 Experimental error bl slas
32.74 32.32 28.71 37.65 Coefficient of variation <l o,

el g0 Sl mhaw ol pe ¢ o pire pud o Sy **o*ns
ns, *, ** not significantly, significantly different by Duncan test at P < 0:05 and P < 0:01.
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Table 4. Variance analysis of the effect of copper level and soil type on concentration of some nutrients in plant

a0

Ado, b clbale Lsls . . . Aoy e clale Lsls ol R

concentration Shoot P Root K Shoot K Shoot Mn concentration Shoot Cu gf Change source
concentration concentration concentration concentration 1 concentration
(mg kg™ freedom
(mg g dw) (mg g dw) (mg g dw) (mg gt dw) (mg kg™t) (mg kg™t)

0.00 M 0.31m 17.72 s 111.70 " 125.16 ™ 0.04 ns 1.42 2 Block 5L
0.05** 0.51** 51.03* 244 .34** 921.06** 0.73** 126.48** 20 Soil s>
0.01m 0.03m™ 350.68** 63.51 "™ 7092.01** 21.67** 860.73** 1 Copper
0.08** 0.23* 6.54 " 108.25 s 231.92* 0.15 ™ 26.68** 20 Soilx copper . xS
0.01 013 16.84 ™ 97.40 ™ 81.25 ™ 0.05 1 211" 82 Experimental Ll (sl
error
18.11 16.17 22.83 15.67 13.43 6.88 7.71 Coefficient "';**‘“:f‘

of variation

LY g el 0 Jleisl mhans j3 s e ¢ o e yaé ol 54 ¥ F NS
ns, *, ** not significantly, significantly different by Duncan test at P < 0:05 and P < 0:01.
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Table 5. Variance analysis of the effect of copper level and soil type on absorption of some nutrients by plant

Absorption of nutrient (mg pot?) jaie Cix e

S ey P o ol 0 e gte
Phosphorus Potassium Manganese  Copper thiggt(aj%sn?f Change source
34.78" 21799.95™ 0.04"s 0.001" 2 Block 5L
83.34** 6149.46** 0.11** 0.002" 20 Soil s1=
248.01** 14738.60™ 0.01" 0.065** 1 Copper
41.11™ 26995.55™ 0.03" 0.002" 20 Soilx copper . xS
1471 14309.50" 0.01™ 0.001" 82 Experimental slesf s
error

2052 33.11 3157 28.73 Coefficient of l,..s5 >
variation

el g e lo 0 sl mhaw o s pae ¢ o pire il %;)34.3**5* ns

ns, *, ** not significantly, significantly different by Duncan test at P < 0:05 and P < 0:01.
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545 05 () Jsaz) S o 55LS 5 05 e TR/
2 eSS YO0 @53 olS sl penly Sl gl
wls | (Kamkar et al.,, 2011) og yies (p,55lS
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Table 6. Comparison of means of corn growth characteristics of corn for the main effects of applied copper

iy oo clilé )L“;;i);’:cm gy Sl 09 el Sz .
Root Cu concentration concentratlijon Root dry weight Shoot dry weight (mg Cu kg™ soil)
(mg kg* dw) (mg kg dw) (g pot™?) (g pot?)
23.91b 16.31b 1.01a 492b 0
52.98 a 21.47 a 1.17a 6.79 a 7.5
Root P concentration conscgcr)m(t)rtaFt)ion conFégr?ttr;ion Shoot K concentration
-1 -1
(mg kg™ dw) (mokgldw)  (mg kg dw) (mg kg dw)
0.70 a 230 a 19.65a 63.70 a 0
0.68a 2.26a 16.31b 62.27 a 7.5
p translocatio)n factor K translocation Cu translocation Shoot Mn concentration
factor factor (mg kgt dw)
343a 341b 0.67 a 74.64 a 0
3.63a 4.06 a 0.44b 59.63 b 7.5
absorption absorption n absorption u absorption
P ab i K ab i Mn ab i Cuab i
(mg pot™) (mg pot™) (mg pot™) (mg pot™)
11.60b 327.10b 0.39a 0.08b 0
14.40 a 395.50 a 0.37a 0.13a 7.5
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Table 7. Comparison of means of the dry weight of corn Shoot and root for Cu x Soil type interaction

(9 pot?) Jlsls Sz 3
Shoot dry weight (g pot™?)

(g pot?) asy, Ses o
Root dry weight (g pot™?)

mg Cu 7.5 kg Soil ~ Control sals mg Cu 7.5 kg™* Soil Control sals Soil No S5 o Lo
2,25k 2K 0.35¢ 0.50 1
5.90 ¢ 5.82 ¢ 1.22b= 1.332¢ 2
9.95 ¢ 6.43 b 1.58 ¢ 1.58 @ 3
8.040¢ 4.50 1.48 & 0.83 cde 4
4.20 3.60Mk 1.21 ¢ 0.98 b 5
7.36 > 4.30 ™ 1120 0.70%¢ 6
5.31° 3.77 9% 0.95 b 0.70%¢ 7
7.07 b9 5.85 ¢ 1.97 1.26%¢ 8
6.30 b 5.81°% 1.19%¢ 1.302¢ 9
9.12 &¢ 6.17°" 1.10% 1.12b= 10
9.42® 6.28 b 2.332 1.35%¢ 11
8.70 @4 6.45 o 1.352¢ 1.48%¢ 12
7.18f 6.81°" 0.90 ¢ 1.52 @ 13
4.11 ™ 3.769% 0.61 % 0.62 % 14
11,552 4.64 T 1.92 @b 0.95 b 15
8.70%¢ 5.85 ¢ 0.940¢ 0.74% 16
5.21 ¢k 4.74%K 1.02 b 1.27 &¢ 17
7.04 9 5.16 ¢k 0.72 % 1.17 b 18
3.60Mk 3.48Mk 0.56 ¢ 0.90 b 19
4.86 &« 2.67 1k 1be 0.56% 20
6.72 0N 5.40 ¢ 1.15°¢ 1.05 b¢ 21
6.79 4.92 1.17 1.01 Mean .Sl
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Table 8. Comparison of means of the corn Shoot Concentration Cu and Mn for Cu x Soil type interaction

mg kgl Lsls p5. cdale Mg kgl Lesls e clale
Shoot Concentration of Manganes Concentration of copper Shoot

mg Cu 7.5kg* Soil ~ Control salz  mg Cu 7.5 kg™ Soil ~ Control sals S0il NO S5 5Lt
61.66 4h 75.86 9 37.95¢ 29.94 b 1
60.90 ¢ 96.50 2 21.63 ¢f 17.310p 2
69.36 &9 92.70 ac 20.86 fon 13.50 & 3
70.20 &9 94,27 ® 21.08 fo 16.04 ks 4
53.38 &N 69.61 29 26.97 ¢ 12.54 ¢ 5
59.48 d¢h 82.67 &€ 23.71 ¢ 15.61 ™M 6
65.03 b9 96.96 @ 17 1 16.74 i 7
4547 % 62.37 ¢h 18.79 ok 13.41 8
77.34 &f 95.31 @ 18.14 1 13.94 ™ 9
69.54 &9 89.58 ad 18.53 ¢! 14.86 Pt 10
68.84 &9 94.96 @ 16.12 i 14.18 @ 11
60.57 ¢h 73.12 9 16.61 1" 15.18 ot 12
64.97 b9 72.37 *9 17.96 o 14.30 @ 13
56.80 &N 58.38 &N 18.28 -m 15.45 ms 14
33.44 N 48.23 fon 15.78 ' 15.38 " 15
46.65 fon 55.38 &h 18.70 1P 17.78 16
57.04 ¢h 68.67 &9 21.05f¢ 14.90 P 17
59.78 ¢ 59.85 ¢ 18.91 9i 15.45 ms 18
50.44 fon 70.22 @9 37.30¢ 21.88 ¢ 19
48.28 foh 60.34 ¢n 20.35 ™ 18.18 ™ 20
73.18 @9 50.10 fon 25.22 o 14.60 P 21
59.63 74.64 21.47 16.24 Mean .5l
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Table 9. Comparison of means of the corn Shoot and Root Concentration P and for Cu x Soil type interaction

(mg gt dw) azy, jaus clale (mg gtdw) Lsls e clk
Root concentration P Shoot concentration P

mg Cu 7.5 kg™ Soil Control sals  mg Cu7.5kg! Soil  Control salz  Soil NO S5 o)l
0.54 o 0.91%® 2.22 be 2.55 b-e 1
0.80 b9 0.60 ko 2.07 b 2.03 b 2
0.90 ac 0.34 P 2.55 b-e 1.96 cde 3
0.82 &f 0.76 h 2.52 be 2.32 0 4
0.60 i° 0.67 Fm 2.63 bed 2.75° 5
0.86 ¢ 0.76 b 2.68 ¢ 3.962 6
0.67 gm 0.75¢ 2.16 ¢ 2.31 0 7
0.66 9m 0.83 &¢ 2.11be 2.23 be 8
0.70 & 0.70 ¢! 1.92 d 2.14 b 9
0.62 ™" 0.62 fn 2.09 b-e 1.92 de 10
0.83%¢ 0.82 af 2.30 be 2.24 ¢ 11
0.60° 0.65 9" 2.01 5 2.08 e 12
0.70 ¢! 0.80 %9 2.12 be 20 13
0.2649 0.70 &k 2.56 D¢ 2.05 b-e 14
0.90 ac 0.75¢1 2.52 b 2.20 e 15
0.60 1 0.52mno 2.30 be 2.14 be 16
0.51 M0 0.61 7o 1.84¢ 2.10 e 17
0.57ko° 0.82 af 2.44 b 2.21b¢ 18
0.58 ko 0.80 &9 2.23 b 2.30 e 19
0.68 ¢! 0.71 ¢k 1.94 cde 2.53 be 20
0.942 0.46 °° 2.25 be 2.12 be 21
0.68 0.7 2.26 2.3 Mean) .5k
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Effects of Copper (Cu) Application on Concentration and Uptake of Cu,
Manganese (Mn), Potassium (K) and Phosphorus (P) on Corn Plant

Adel Reyhanitabar?, EIham Abdolmaleki? and Omid Kamangar?

(Received: January 2016 Accepted: July 2017)

Abstract

Copper (Cu) is an essential micronutrient for plant growth. Copper application can have a significant
impact on Mn, K, P and other nutrients in plants nutrition. In this study the effect of applied Cu on corn
(Zea mays L.) growth, concentration and uptake of Cu, Mn, K and P in 21 calcareous soils was checked
out. In order to measure the concentration and content of uptake of the studied elements, in a greenhouse
experiment, corn plant (Zea mays L.) single cross 704 variety cultivated in two levels of Cu, zero
(control) and 7.5 mg Cu per kg* of soil as CuS0O4.5H,0. The experiment was carried out as factorial in
a randomized complete blocks design with three replications. According to the results, by application of
copper, corn shoot dry weight, shoot Cu concentration and uptake and root Cu concentration were
significantly increased (p<0.05). But applied Cu couldn't significantly increase root dry weight, shoot K
and P concentration and shoot Mn uptake. Nevertheless, applied Cu significantly decreased shoot Mn
concentration (p<0.05). Finally, the interaction of soil x applied Cu on shoot dry weight; shoot Cu, Mn
and P concentration was significant (p<0.05). Moreover, the interaction of applied Cu on P and K
translocation factor was significant that indicated Cu effects on translocation of this two nutrient from
root to shoot.

Keywords: Antagonist, Calcareous soil, Single cross variety, Translocation factor.
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