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1- Soluble Oxidizing Bacteria (SOB)
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1- Thiobacillus. spp
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Table 1. The mean of soil physical and chemical properties of experimental sites (2003-2007).

ool s Jsl R
Fourth Third Second First Execution Year
31-60  0-30  31-60  0-30  31-60  0-30  31-60  0-30 o
(Depth, cm)
Ll Aoy
42 47 68 73 51 56 41 47 Gt
(SP, %)
S cslaa
0.37 0.34 1.53 0.96 0.50 0.50 0.64 0.47 e
(EC, ds/m)
7.14 7.01 7.7 7.8 8.1 7.9 7.7 7.7 pH
ol gl st 3 ge Aoy
10.4 9.9 21.1 19.3 11 12 12 TR A e
(TNV, %)
T .
0.61 0.95 1.82 1.13 0.50 1.30 0.83 1.28 S oS
(OC, %)
oslizal LG s
1.2 16.9 95 18.1 52 15.2 10.2 14.8 st ’“'f
(Pave, mg kg™)
osliad LG vl
314 291 345 337 267 255 284 275 sl N
(Kava, mg kg™)
oslizl LG g,
0.97 121 112 1.42 0.65 0.78 1.30 1.28 S
(Znyye, mgkg™)
oslizeel LG -l
3.4 5.9 27 46 43 5.5 7.50 8.00 S o
(Feqw, mgkg™)
bzl LG 25
42 3.4 6.8 6.2 48 42 6.2 5.14 Azl J6 55
(Mn,,, mg kg™
oslizo LG
0.94 121 0.87 1.01 13 1.4 1.9 17 SEAJE
(Cuava, mg/kg)
25 21 21 18 31 29 28 25 o 2
(C., %)
39 36 40 37 16 18 35 30 o e
(Sa.,%)
- LY
L L L L SiCL  SiCL CL L ==
(Tex.)

* Each number is the mean of three replications.
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Table 2. The chemical analysis of used irrigation water (2003-2007).

s OV ST e
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Gluei B L EC
r SAR (meq L) pH Execution
Classification ~(M&L") (ns/m)
Na* Mg™ Ca™ SO CI'  HCOy COs” Year
Jsl
C,S 0.2 079 06 40 27 01 14 6.1 0 7.0 653
a
JJ
CsS, 0.4 107 25 46 64 31 716 88 0 70 1054 ¢
(2nd)
(S
CsS, 03 48 38 47 52 025 15 90 0 71 1135
(3"
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C,S 03 14 11 51 21 005 07 68 0 73 720 )
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Table 4. Mean of treatments effect on chlorophyll content, length, width and weight of the fruit (2003-2007).

Sl S ks o S S
Average Organic Mineral Source Rate Property
40.40 B 40.39 B 40.41 B* So
4297 B 4459 B 4134 B S , .
4171B 42.75B 40.67B S, J2s S parls

Sl Chlorophyll index
42.58 B 4081 B o
Average

6.58 B 6.45C 6.71 B So

6.79 A 6.91 A 6.68 B S o5 sk

6.71 A 6.71 B 6.72 B S Fruit Length

. /'La
6.68 A 6.70 A o (cm)
Average

6.99 B 691 B 7.08 AB So

717 A 721 A 7.13 A S 050 P
7.08 AB 7.08 AB 7.07 AB S Fruit width

. /'La
7.07 A 7.09 A o (cm)
Average
143.80 C 136.60 C 151.00 B So
157.30 C 161.90 A 152.70 B S 050 U3
151.20 B 151.10 B 149.30 B S Fruit weight
. /'La
149.88 A 151.00 A o (cm)
Average

OYAY-AN) o 050 (AS G2l (&2 2 Boles S| 5:S0ke -0 U

Table 5. Mean of treatments effect on some quality properties of fruit (2003-2007).

s S S o M S
Average Organic Mineral Source Rate Property
558 A 558 A 5.59 A* So
5.64 A 559 A 5.67 A S i
5.54 A 551 A 557 A Ss
il (N) Firmness
5.56 A 5.62 A o
Average
3.65A 3.65A 3.65A So
3.57C 3.54C 3.60 B S
3.62B 3.62B 3.62B S, e PH
Sl Fruit pH
3.60 A 3.63 A o
Average
0.46 A 0.45 BC 0.47 AB So
0.46 A 0.48 A 0.44 BC S JS adenl
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* Similar letters indicate no significant differences in 5% level.
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Table 6. Mean of treatments effect on rhizosphere pH and available phosphorus, zinc and iron in the soil

(2003-2007).

Sl S S o M S
Average Organic Mineral Source Rate Property
8.27 A 8.25 A 8.28 A* So
7.4 B 7.28 B 7.32 B Si )
718 B 6.95C 742B S, Az PH
il Rhizosphere pH
7.56 A 7.67 A ok
Average
14.10 C 11.63 D 16.37 BC So
16.25 B 16.13 C 16.57 B Si S il
17.73 A 16.53 BC 18.93 A S, Pava
Sl -1
14.76 B 17.29 A ok (mg kg™
Average
3.57C 3.70 DE 344 E So .
4.62 B 49 C 4.33 CD Si Sk pal
922 A 11.03 A 7.40 C S, DTPA-Zn
Sl -1
6.54 A 5.05B ok (mg kg™
Average
2.89C 2.86 E 2.91 DE So
3.02B 2.99 CD 3.05C Si S,
391 A 4.16 A 3.65B Sy DTPA-Zn
ole kg
334 A 320 B ok (mg k™)
Average
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* Similar letters indicate no significant differences in 5% level.
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Table 7. Mean of treatments effect on the macronutrients concentration (%) in leaf (2003-2007).

oSole il RS s Sl R
Average Organic Mineral Source Rate Nutrient
2.09B 2.09C 2.09 C* So
2.16 A 226 A 2.06 CD S o
2.10 B 2.18B 2.02D S s
2.17 A 2.05B b ™
Average
0.23 A 0.23 A 0.23 A So
0.20 A 0.20 B 0.20 B S o
0.20A 0.20 B 0.20B Ss S
0.21B 022 A b ®)
Average
2.18 B 2.18C 2.18C So
221 A 2.08D 234 A S
2.19 AB 223D 2.16C S el
e k
2.16 B 223 A b )
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1.68 A 1.70 A 1.67 A So
1.65 A 1.60 A 1.69 A S
1.66 A 1.69 A 1.64 A S, (dS
1.66 A 1.67 A b ©
Average
032 A 032 A 0.32 So
033 A 033 A 033 A S
0.33 A 0.33A 0.33 A Sz e
e M
0.33A 033 A b Mo
Average
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* Similar letters indicate no significant differences in 5% level.
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Table 8. Mean of treatments effect on micronutrients concentration (mg kg™) in leaves (2003-2007).

oSl Bl s s Sl e e
Average Organic Mineral Source Rate Nutrient
345.62C 345.63D 345.62 D* So
346.37B 346.95D 345.80 D S, ;
376.45 A 38543 A 367.49 B Sy ol

c- Fe
35933 A 352.96 A ke ¥
Average
37.5BC 37.5BC 37.5BC So
37.27B 37.80 B 36.75 CD Sy _
38.26 A 40.17 A 36.35D Sy S
< Mn
38.49 A 36.87 B ke (M
Average
29.44C 29.27C 28.65D So
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33.11 A 31.03B ke e
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11.56 A 11.62 A ke v
Average
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* Similar letters indicate no significant differences in 5% level.
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Abstract

Background and Objectives: Sulfur (S) is an essential macronutrient influencing plant growth,
nutrient efficiency, quality and health of agricultural crops. Sulfur is becoming more and more
important in Iranian agriculture. Since 1992, Iran introduced balance fertilizer application,
particularly relating five nutrients, namely nitrogen, phosphorus, potassium, sulfur and zinc. In
the apple optimum fertilization program, beside nitrogen, phosphorus potassium and zinc, sulfur
is also applied at a rate of 250-500 kg.ha™. There is limited information available that apple
orchards are responsive to sulfur application. Therefore, the purpose of this research was to
study the effects of S rates and sources on growth and fruit quality of apple (Malus domestica
L.) trees of ‘Golden Delicious’ at West Azerbaijan, Iran.

Materials and Methods: Experiment was conducted during four seasons (2003-2007), using a
factorial randomized complete block design (RCBD) with three replications. The treatments
included two sources of S (organic and inorganic S with Thiobacillus inoculums), each applied
at three different rates (0, 2 and 4 Kg S/tree).

Results: The results showed soil pH and availability of P, Fe and Zn were significantly
influenced by S application rates. The lowest pH and the highest values of P, Zn and Fe
availability in soil were achieved with 4 kg S/tree. Leaf chemical analysis revealed significant
relationship between S rates and leaf nutrient contents except of Ca and Mg. Leaf N, P, K, Fe,
Mn, Zn and Cu contents increased with S application as compared with the control. The added
S had no effect on fruit firmness but, the highest weight, total soluble solid and total acidity of
fruit was recorded in 4 kg S/tree from organic source. Chlorophyll content significantly
increased with S application rates. The highest chlorophyll content was obtained in 2 kg S/tree
treatment from organic source.

Conclusion: The results suggested that, S is a key nutrient which has important role in balance
nutrition, fruit quality and quantity enhancement of apple orchards in calcareous soils of Iran.

Keywords: Apple (Malus domestica L.), Chlorophyll, Leaf nutrients, Soil pH, Sulfur
fertilization

* Corresponding Authors; Email: az.majidi89@gmail.com

£¢



