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Table 1- Some physical and chemical properties of soil samples used in this research

Soil property Method of analysis
SoSl colan 0.86 dS m2 ebl U5 o)las
EC Saturated paste extract
EeR v elsl J5
pH Saturated paste
ECC Titartion
<l Loam a4 09 e
texture Hydrometer
Sows 43 gkg? S Sy
Organic carbon Walkley-Black
‘-"b J"lﬂ )M 10.2 mg kgl O"“J9l
Available P Olsen
clo b el 187 mg kg'! posgel il
Available K Ammonium acetate
Total N Kjeldahl
iz JB ol 4.78 mg kgt DTPA
Available K
o JB sy, 0.83 mg kg! DTPA
Available Zn
o BB e 12.45 mg kg! DTPA
Available Mn
w2 JE e 1.27 mg kg DTPA
Available Cu
iz JE 1.33 mg kgt gb ol
Available B Hot water
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1- Translocation Factor
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Table 2- The analysis of variance (ANOVA) table of organic and inorganic acids effects on some quantitative and qualitative

characteristics of corn

Ol kS galio o Soh s Ol ek o

S.0.v Treatment Block Error Ccv
(df) g1 as yo 8 2 16

(Fresh weight) 5 ;s 211 ** 0.034 ns 0.11 14.3
(Dry weight) s 54 2.82 ** 0.017 ns 0.13 14.8
(Water content) cogb, 1o 1437 ns 2.46 ns 2.43 1.72
(Plant height) «, ¢las,)| 138.8 ** 37.56 ns 216 14.2
(N root) asy, ;5s5a 0.057 ** 0.002 ns 0.003 2.57
(N shoot) sl (5,5 0.421 ** 0.001 ns 0.004 242
(NTF) o595 Jisl g5 0.047 ** 0.001 ns 0.002 2.76
(K'root) auyy pawls 0.18* 0.003 ns 0.004 13.1
(K shoot) sl muwls 0.36 * 0.037 ns 0.017 9.21
(K TF) paly Jlas! 51 0.42 * 0.18 ns 0.18 18.8
(P root) ayy ,aus 0.073 ** 0.0002 ns 0.0003 6.93
(P shoot) 4l ,aus 0.013 ** 0.004 ns 0.0003 6.11
(P TF) yaud Jsl g1 0.15 ** 0.008 ns 0.008 10.25
(Fe root) azy, ol 366294 **  467.3ns 14378 9.72
(Fe shoot) sl ! 77516 **  85.45ns 1031 18.3
(Fe TF) ool Jis! g8 0.005 ** 0.0002 ns 0.001 195
(Mn root) asy, 55 836.6 ** 3.18 ns 6.82 2.17
(Mn shoot) 45l 3% 222.5** 21.9ns 21.3 3.16
(Mn TF) ;8o Js! 86 0.003 ** 0.001 ns 0.001 3.21
(Znroot) aiy, s, 9926 ** 3342 ns 1229 21.9
(Zn shoot) 45l ¢, 4317** 2121 ns 987 18.3
(ZnTF) (9, Jlasl g5 0.642 ** 0.057 ns 0.074 18.9
(Cu root) ay, e 2.69 ns 1.46 ns 4.29 5.37
(Cu shoot) 48l s 2.86 ns 8.48 ns 1.87 6.61
(CUTF) o Jlasl ,g816 0.005 ns 0.002 ns 0.003 9.26
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Table 3- Effect of organic and inorganic acids on quantitative growth factors of corn. (p<0.05)

PeRlald s 5 osy Wl olse S o

o _ . . Cagby o) (o i) 4y £33 !
Treatment .(‘_,l.\ls (‘-"_'\Js »e5) Water percentage Plant height (cm)
Fresh weight (g per pot)  Dry weight (g per pot)
Cs 7.79a 0.90 a 88.3a 31.17 abc
Cuo 8.69 a 1.04a 88.0a 34.83a
As 6.87 c 0.79 bc 88.2a 27.17 e
Ao 7.21b 0.88 ab 87.8a 32.67 ac
Os 7.68 b 0.82b 89.3a 31.00 abc
O1o 7.03¢c 0.84b 88.1a 29.33 bc
Mix 7.33b 0.85b 88.4a 28.84 bc
S 7.64b 0.81b 89.1a 29.33 bc
Control 7.34b 0.86 b 88.3a 28.67 bc

D315 s o y> O Jlen] o 53 (g )lol BMB] ygiw ya S5 )0 aliie g ys b (slmodly
Numbers followed by the same letter are not significantly differents

O3 stlg (S g Al 53 ool CBLE g eamsliy 9 (1955 JUT 495518 5 Fame g T glosaes! 22,5 15T € g
Table 4- Effect of organic and inorganic acids on translocation factor of nitrogen and potassium and their concentrations in
root and shoot of corn

)Lw; h&)"’:‘u)Sl“%" A y 9590 JUs! )925@ o WL" ady MM’U-’ Jes! )9;'Slé
Treatment SNootN g ) ol ROOt(ng (NTF) o390 ShootKalgr - ROOLK (g (K TF) pauly
(100gt (100g = (g 100g%) 100g%) T
Cs 456 b 242 a 1.86 bc 1.35a 0.55 ab 2.49 bdc
Cio 4.49b 2.39 ab 1.88 bc 1.37a 0.59 a 2.34dc
As 479 a 2.29¢c 2.09a 1.07b 0.50 abc 2.14d
A1o 4,74 a 2.30¢c 2.06 a 1.33a 0.45 be 2.97 abc
Os 472 a 2.33 bc 2.02a 1.36 a 0.48 abc 2.88 abcd
O1o 475a 2.26¢c 2.09a 1.36 a 042c 3.34a
Mix 478 a 2.33 bc 2.05a 1.33a 0.45 bc 2.99 abc
S 4.82a 2.30¢c 2.09a 1.28a 0.60 a 2.13d
Control 4.17c 2.31 bc 1.80d 1.26a 0.45 bc 2.80 abcd

D305 s o ys O Jlenl paws 53 (g lol BMB] giw pa S5 )0 aliie g ys b (slmodls
Means with different letters within the same column are significantly different (LSD, p<0.05)

S5 led ol g a3 o CBIE piund JUSI )5S 5 Fame 5 T gl 325 56 -0 Jga
Table 5- Effect of organic and inorganic acids on translocation factor of phosphorous and its concentration in root and shoot
of corn. p<0.05)

o s2lgp (S i Al ) b JU) 59518
Treatment Shoot P (g 100g™) Root P (g 100g™) TFP
C5 0.26a 0.34b 0.76 de
C10 0.21 de 0.33b 0.65e
A5 0.24 abc 0.32b 0.76 de
Al10 0.26a 04la 0.64¢e
05 0.22 cde 0.24c 0.92 cd
010 0.23 bed 0.26 ¢ 0.88 cd
Mix 0.26 a 0.38a 0.69e
S 0.25ab 0.25¢ 1.03 bc
Control 0.20 e 0.16d 1.23a

L2185 L5 o3 B Jlein s 5> (gylel M| ygian 5o S5 53 ailiie gy b (slaosly
Means with different letters within the same column are significantly different (LSD, p<0.05)
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Table 6- Effect of organic and inorganic acids on translocation factor of Fe and Mn and their concentrations in root and
shoot of corn

ise ] ] s LSS o
Lo 1ot adyy o2l 2l JE) ,es6 ) adyy e Jusl 58
stos lop o® J <lep ..&
Root Fe (mg Root Mn (mg PNV
Treatment  ghoot Fe kol TFFe Shoot Mn kaL
A g) 9 gt MnTF
(mg kg™) (mg kg™)
C5 289.0a 1429 ¢ 0.20 ab 145.0 cd 172.0c 0.84 ef
C10 281.7a 1856 a 0.15 bc 144.7d 174.0c 0.83f
AS 156.0 b 1481 be 0.10dc 163.7a 1473 e 111a
A10 181.3b 847¢e 0.21la 162.0a 152.0d 1.06 ab
05 136.7b 1062d 0.13dc 145. 3 cd 1413 f 1.02 be
010 167.2b 1409 ¢ 0.12 dc 143.7d 143.0 ef 1.00c
Mix 181.4b 1918 a 0.09d 157.3 ab 175.3 bc 0.90 ed
S 173.1b 1414 c 0.12dc 163.3a 1813 a 0.90 de
Control 160.0 b 864 de 0.18 ab 153.0 bc 1423 f 1.07 ab

B35 s o ys B Jlen] gans 53 (g lol BMEB] ygim ya S5 10 aliio Cgyn b (slmodly
Means with different letters within the same column are significantly different (LSD, p<0.05)
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Table 7- Effect of organic and inorganic acids on translocation factor of Zn and Cu and their concentrations in root and

shoot of corn

Slosd Bl 39, WIS gy, JlEs! 1556 Blw (o WRIO e ] eS

Treatmen  Shoot Zn (mg Root Zn TE 7n Shoot Cu Root Cu (mg CuTE
t kg™h) (mg kg™ (mg kg kg™t

C5 214.0ab 105.7d 2.01a 21.1a 35.4a 0.59a
C10 213.3ab 120.3d 1.73 ab 20.1a 34.8a 0.55a
A5 174.7 be 117.3d 1.58 ab 214 a 36.4 a 0.58 a
Al10 163.3 bc 214.0b 0.77 e 20.3a 34.4 a 0.59a
05 146.0 cd 202.3 bc 0.81ed 208 a 35.2a 0.58 a
010 163.3 bed 128.7d 1.27 bed 216a 37.0a 0.58 a
Mix 2420a 278.3a 0.87 cde 229a 36.1a 0.63a
S 139.7 cd 139.0d 1.02 cde 223a 35.1a 0.63a
Control 121.0d 95.0d 1.31bc 212a 348a 0.6la

B35 s o y> O Jlen] paw 53 (g )lol BMB] giw ya S5 50 aliie g ys b (slmodly
Means with different letters within the same column are significantly different (LSD, p<0.05)
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Introduction: In calcareous soils of Iran, using fertilizers that reduce soil pH over long periods are
prioritized. Reducing pH in calcareous soils increases the concentration of essential nutrients such as
phosphorus, iron, zinc, copper and manganese in the soil solution. The use of organic and inorganic acids in
calcareous soils may also have other advantages in addition to gradually decreasing the soil solution pH. The
effect of organic and minerals acids on plant growth and uptake of essential nutrients has not been studied. The
aim of this study was to evaluate the effect of organic acids like acetic, citric and oxalic acid and mineral acids
like sulfuric on the growth of forage corn.

Materials and Methods: The experiment was based on randomized complete block design and carried out in
pots in a greenhouse. A calcareous soil with electrical conductivity of 0.86 dS m™ and organic matter of 4.3 g kg~
! was collected from research farm of University of Zanjan. Treatments were T1 & T2: citric acid with
concentration of 5 and 10 mM (Cs & Cio), T3 & T4: acetic acid at a concentration of 5 and 10 mM (As & Auo),
T5 & T6: oxalic acid at a concentration of 5 and 10 mM (Os & O1o), T7: mixture of citric, acetic and oxalic acid
each at a concentration of 3.33 mM (mix):, T8: sulfuric acid at a concentration of 5 mM (S), and T9: control.
Treatments were applied in three stages: immediately after sowing, four-leaf and eight-leaf stages. Irrigation of
pots was done with water with EC value of 400 puS /cm. Considering the possible effect of acids on increasing
the availability of phosphorus, potassium, iron, zinc, copper and manganese, fertilization was done only based on
nitrogen demand and 0.55 g urea was added to each pot (equivalent to 200 kg ha*) with irrigation water in three
steps. The shoots of plant samples were harvested after 50 days and the roots were carefully removed from the
soil. Some growth related characteristics such as stem height, fresh weight, dry weight, and moisture content of
vegetable tissue were also measured. Concentration of nitrogen, potassium, phosphorous, iron, zinc, manganese
and copper in roots and shoots was measured. Translocation factor (TF) indicating the transfer rate of the
elements from root to shoot was obtained by dividing the concentration of the element in the shoot by that in the
root.

Results and Discussion: The results showed the significant effects of the treatments on the growth factor
(fresh weight, dry weight and plant height). The percentage of moisture content was the same in all treatments.
Citric acid treatment (T2) significantly increased fresh weight of shoot (18.3 percent) and dry weight (20.9
percent) of the plant. Organic acids also increased the concentration of nitrogen in shoots and roots. The
concentration of nitrogen in the shoots was roughly twice as compared with that in the plant root. As for the
potassium treatments, except for Ay treatment (T4) (the lowest concentration), other treatments did not show a
significant difference with control. The highest concentration of potassium in roots was observed in sulfuric acid
treatment (T8). The highest translocation factor of potassium (3.34) was observed in Ojo treatment (T6). The
results indicated a positive effect of 5 mM citric acid, acetic acid, mix treatment and sulfuric acid on shoot
phosphorus and the positive effect of acetic acid and mix treatment on the phosphorus root. Citric acid
treatments (T1 and T2) were the most effective treatments in increasing the concentration of iron (289 mg kg™?)
in shoots. For roots, Cio treatment (T2) and Mix treatment (T7) showed the highest iron concentration. The
highest TF for iron was observed in Ajp treatment (T4). Acetic acid treatments (both concentrations), and
sulfuric acid were more effective than other treatments and significantly increased the manganese concentration
of the shoots. Sulfuric acid also caused a significant increase in the manganese concentration of the root. Acetic
acid treatment (T5) showed the highest amount of TF for manganese. The amount of zinc element in shoots and
roots was significantly affected by the mix treatment (T7). There was no significant difference between all Cu
treatments.
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Conclusions: In general, application of citric acid in both concentrations is useful to increase the biological
yield and product quantity in maize farms. These treatments increased fresh and dry weight of shoots and roots.
Acetic acid seems to improve translocation of elements in plants. The use of other acids is likely to enhance
concentration of nutritional elements in roots and shoots.
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