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Background and Obijectives: Sulfur is the fourth most essential and commonly required

nutrient for all living organisms, including plants, animals, humans, and
microorganisms. The effectiveness of elemental sulfur depends on its degree of
oxidation, a process driven by both chemical and biological mechanisms. Various
soil variables, such as pH, texture, temperature, moisture content, and salinity can
influence sulfur oxidation in soils. Globally, and particularly in Iran, soil salinity
poses a significant threat to agricultural productivity and food security. In Iran,
more than 50% of soils are affected by salinity constraints. Soil moisture is also a
critical variable for the biological oxidation of sulfur. However, the interactive
effects of soil moisture and salinity on sulfur-oxidizing microbial communities and
the oxidation process remain unclear. Therefore, the aim of this study was to
investigate the effect of sulfur application under different moisture conditions on
sulfur oxidation and on selected chemical properties of six soil series with varying
characteristics and salinity levels.

Materials and Methods: In this study, numerous soil samples were collected from

across the country (Iran) at a depth of 0-30 cm. Following chemical analysis, six
soil samples with different salinity levels were selected. The effects of two
moisture contents (40% and 60% of saturation) and three sulfur application rates
(0, 500, and 1000 kg/ha), sourced from the Research Institute of Petroleum
Industry, along with the bacterium Thiobacillus, were evaluated. The experiment
was conducted in a completely randomized block design with three replicates for
each treatment, and incubated for one year at a constant temperature of 25°C in the
incubation chamber of the Soil and Water Research Institute laboratory.
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Results: The results indicated that in non-saline and slightly saline soils (electrical
conductivity less than 4 dS/m), sulfur application significantly decreased soil pH
and increased electrical conductivity, as well as the availability of phosphorus,
iron, zinc, and sulfate. The most pronounced reduction in pH and enhancement of
nutrient availability in these soils were observed in the treatment with 1000 kg
S/ha under 40% moisture saturation. In contrast, in highly saline soils (electrical
conductivity greater than 8 dS/m), the effect of sulfur on these properties was
markedly limited and, in most cases, non-significant. Furthermore, the highest
rate of sulfur oxidation across all soil types was recorded in the 500 kg S/ha
treatment under 40% moisture. Increasing the moisture level to 60% led to a
reduction in the oxidation rate across all salinity levels, attributable to decreased
oxygen availability and suppressed microbial activity. The highest sulfur
oxidation rate (195.5 ug S cm~ 2 day~ 1) was measured in the saline Lenjan soil,
while the lowest rate (2.4 ug S cm™ 2 day™ 1) was recorded in the highly saline
Jazoushi soil on the 25th day of incubation.

Conclusion: These results highlight sulfur’s potential as an effective amendment for
improving chemical properties in non-saline, and mildly saline soils. For saline
soils, pre-treatment methods such as leaching are strongly recommended to
enhance sulfur’s effectiveness.
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Table 1. Characteristics of the sampling area and the physical and chemical properties of the studied soils
Region characteristics

Region 1 Region 2 Region 3 Region 4 Region 5 Region 6
Gl Olade! ol R Olade! ol Oyt
Province Isfahan Kerman Bushehr Isfahan Khorasan Khuzestan
il . Ll jols g ogiiy w5l . )il s
. o9 J '/ji rof: ::P I;}’Z;‘:kjgh) ol klg.slfmad:ayenD el
Region Fereydun Mosafarabd Lands Isfahan Plain Ramhormoz
c Ll ol ol .
S S0y xS RESH RES Ejb;‘;:; el
Series Dareh Bid Kam Sorkh Bushgan Lenjan Abad Jadushi
‘-"1@,"?"’" 50° 27" 37" 57°53' 06" 51°42' 15" 52°00'50"  40°90'60.2"  49°31'02"
Latitude
“’lw’% Job 33°04'56.4" 28°06' 36" 28° 47' 53" 32°34' 03" 50° 83' 50" 31°13'33"
Longitude
Soil properties
pH (1:2.5) - 7.65 7.97 7.69 7.82 8.00 8.06
EC dSm? 0.11 1.15 2.67 8.60 12.66 18.60
ocC % 0.54 0.25 0.88 0.56 0.22 0.70
P mg kg* 20.2 12.6 35 13.00 4.40 1.00
Fe mg kg* 8.2 3.00 6.00 6.3 4.40 0.80
Zn mg kg'! 0.5 0.5 05 0.6 0.4 0.6
CEC meq 100 g* 234 11.2 14.6 14.2 114 9.2
CCE % 14.9 16.6 49.9 343 21.00 17.00
S mg kg* 2.00 116.00 356.25 8275 912.5 540.00
SP % 38.00 28.00 47.00 41.00 39.00 44.00
el - Silty Clay Loam Silty Clay Silty Clay Clay Loam Sandy Loam

Texture Loam
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Table 2. Selected chemical properties of the used vermicompost

2ol Sk )
Parameter Value Unit
pH 7.54 -
(Electrical Conductivity) S xSl colun ol 17.58 ds/m
(Moisture) cogb, 7.29 %
(Total N) JS' 595 1.55 %
ocC 24.88 %
P,0s 1.37 %
K.0 0.24 %
Fe 11978 mg/kg
Zn 239 ma/kg
Pb 44.5 mg/kg
Cd 3.00 mag/kg
(Soluble S) Jslo 5,555 0.089 %
(Total S) Js 5555 0.67 %
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Table 3. Comparison of the mean effect of sulfur rate under different moisture conditions on sulfur oxidation at
various soil incubation times

JF d’.w w")‘“ 24 gh.wl wsb) o Sulfur Oliii:ﬁ;m'gé'ﬁl'z day™)

Soil Series Applied Sulfur (kg/ha) Saturation Moisture (%) 25 days 60 days 360 days

500 40 59.0 b 30.3b 53b

A 0yd 60 50.0c 24.7c 50b

Dareh Bid 1000 40 770a 417 a 9.0a

60 49.7¢ 25.3¢ 50b

500 40 376a 243a 46a

e 60 310D 18.1b 35b

Kam Sorkh 1000 40 236¢C 140¢c 27c

60 15.44d 9.9d 2.1d

500 40 35.7a 18.3a 23a

OKibg 60 22.3¢ 15.0b 20a

Bushgan 1000 40 26.8b 153D 20a

60 22.7¢ 11.3c¢c 20a

500 40 1955a 74.1a 99a

ol 60 1334b 54.8b 8.7b

Lenjan 40 829c¢ 32.0c 51c

1000 60 73.2d 26.5d 4.4d

) 500 40 329a 9.7a l4a

Haper 60 26.8a 9.7a 12a

Ebrahim Abad 1000 40 19.1b 6.3 ab 0.8a

60 105¢ 36b 0.6a

. 500 40 59a 45a 15a

gl 60 46b 20¢c 0.1b

Jadushi 40 38b 26b 12a

1000 60 24¢ 13c 0.2b

] 0yd B s 53 5 gime B pae 0didd i dize job 4y SB gy 1o gly g (g jo ) aliie gy %
*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Table 4. Comparison of the mean effect of different sulfur levels under various moisture conditions on soil pH.

(ﬁ;’/';‘;; (OSAS 3day  7day 15day 25day  40day  60day 120day 180day 270day 360 day
A 0 Dareh Bid
0 40 7.88 ab 7.87 ab 7.85ab 7.85a 7.83a 7.81lab 7.80a 7.79a 7.82a 7.85a
60 792a 791a 7.89a 7.88a 7.86a 7.84a 7.82a 7.8la 7.84a 7.88a
500 40 7.85ab 7.84 abc 7.80 bc 7.75 bc 7.72 bc 7.67 cd 7.62c 7.53c 747c 752c
60 7.90 ab 7.88a 7.85ab 7.82ab 7.78 ab 7.74 bc 7.71b 7.63b 757b 7.65b
1000 40 7.94 ab 7.79 bc 7.73 cd 7.67c 757d 7.45¢e 7.36¢e 7.32d 7.31d 7.39d
60 7.87 ab 7.84 abc 7.79 bc 7.74 bc 7.68c¢c 7.60d 751d 7.46¢C 7.40c 754 c
¢ o5 Kam Sorkh
0 40 7.99a 7.97 ab 7.96 ab 7.96 ab 7.94 ab 793a 792a 7.90 ab 7.93a 7.97 ab
60 8.03a 8.02a 8.00 a 7.99 a 7.98 a 7.96 a 794 a 793 a 7.96 a 8.00 a
500 40 7.98a 7.96 ab 7.93ab 7.88b 7.81c 7.75b 7.68b 7.75¢ 7.83b 7.92b
60 8.03a 801lc 797 a 7.93ab 7.87 bc 7.81b 7.73b 7.83b 792a 7.99 ab
1000 40 797a 7.95ab 7.88 bc 7.98¢c 7.71d 7.64c 751c 740e 7.54d 7.74d
60 8.00 a 7.99 ab 7.93 ab 7.91ab 7.80¢c 7.73b 7.58¢ 7.49d 7.65c¢C 7.83¢
o&s4 Bushgan
0 40 7.72 abcd 7.71 abc 7.69 ab 7.67a 7.66 ab 7.64 ab 7.64a 7.65a 7.68ab 7.70 ab
60 7.76 a 7.75a 7.74 a 7.72a 7.70a 7.68 a 7.68 a 7.69 a 7.76 a 7.73 a
500 40 7.71abcd 7.69bc  7.63 bcd 7.60b 7.55¢ 7.49¢ 7.55b 759b 7.63b 7.67 abc
60 7.74 ab 7.73ab 7.69 ab 7.66a 7.62b 7.58b 7.64a 7.65a 7.68ab 7.70 ab
1000 40 7.69 bed 7.66cd 7.55de 751c 7.45d 7.40d 747c 754b 7.56 ¢ 7.60c
60 7.72abc  7.70 abc 7.64 bc 7.60b 7.54 ¢ 750¢ 7.56 b 7.58 b 7.64b 7.63 bc
ok Lenjan
0 40 7.83ab 7.82ab 7.82ab  7.8labc 7.79ab  7.79 abc 7.80ab  7.8labc 7.83ab 7.84 ab
60 7.88a 7.87a 7.87a 7.86a 7.84a 7.84a 7.85a 7.85a 7.82ab 7.87a
500 40 7.82ab 7.81lab 7.80ab  7.79 abc 7.78ab  7.79 abc 7.80ab  7.80abc 7.82ab 7.83ab
60 7.88a 7.86 a 7.84a 7.82ab 7.81ab 7.83a 7.84a 7.84a 7.85a 7.86a
1000 40 7.8lab 7.80 ab 7.79 ab 777bc 7.76abc 7.77abc 7.78abc  7.79 abc 7.80ab 7.81ab
60 7.87 ab 7.84 ab 7.82ab  7.79 abc 7.78 ab 7.81ab 7.82 ab 7.82 ab 7.80a 7.83a
SU vl Ebrahim Abad
0 40 8.02a 8.02a 8.00a 8.00a 7.99a 7.98a 8.00a 8.00a 8.00a 8.02a
60 8.04a 8.04a 8.03a 8.02a 8.00a 7.99a 8.02a 8.03a 8.03a 8.04a
500 40 8.00a 8.00a 7.98a 797 a 7.96 a 7.96 a 797a 7.98a 7.99a 8.00a
60 8.04a 8.03a 8.02a 8.00a 8.00a 8.00a 8.02a 8.03a 8.03a 8.03a
1000 40 8.00 a 7.79a 7.98 a 7.96 a 7.95a 7.95a 7.96 a 797 a 7.98 a 7.99 a
60 8.02a 8.02a 8.02a 8.00 a 7.98 a 7.99a 8.00 a 8.00 a 8.02a 8.02a
S9d> Jadushi
0 40 8.23a 8.23a 8.22a 8.22a 82la 82la 82la 8.22a 8.23a 8.23a
60 8.25a 8.25a 8.24a 824 a 8.23a 8.23a 8.23a 8.24a 8.25a 8.25a
500 40 8.22a 8.21la 8.19a 8.16 a 8.14a 8.15a 8.15a 8.17 a 8.19a 8.21la
60 8.25a 8.24a 8.23a 8.20a 8.17a 8.18a 8.19a 8.21a 8.22a 8.24 a
1000 40 8.23a 8.22a 8.20a 8.18a 8.18a 8.17a 8.19a 8.20a 82la 8.22a
60 8.24a 8.24a 8.23a 8.21a 8.20a 82la 8.22a 8.22a 8.23a 8.24a

sl Ao )d B o )3 Hl5 ixe OS] pas onimd LS dipre jobdy S gy o gly g (st jo ) aliie gy %

*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Table 5. Comparison of the mean effect of different sulfur levels under various moisture conditions on soil electrical
conductivity (EC).

Sulfur SP

(kg/ha) (%) 3 day 7 day 15 day 25 day 40 day 60 day 120day 180day 270day 360 day

Ap o,> Dareh Bid

40 0.13b 0.14b 0.16 cd 0.18 cd 0.19d 0.20c 0.20 de 0.21 ef 0.21e 0.22¢

0 60 0.10b 0.12b 0.13d 0.14d 0.15d 0.16¢ 0.19e 0.18f 0.19e 0.19e
500 40 0.14b 0.15b  0.17bcd  0.22 bed 0.29cd 0.34c 0.43cd 0.50 cd 0.54d 0.52cd
60 0.13b 0.14b  0.16 bcd 0.20cd 0.24cd 0.26c¢c  0.30cde 0.37 de 040a 0.42d
1000 40 0.16 b 0.18b 0.22 bc 0.29 bc 0.36¢ 0.46 ¢ 052c 0.62¢c 0.67 d 0.70¢c
60 0.14b 0.15b  0.20bcd  0.23 bed 0.31lcd 035¢ 042cd 049 cd 0.57d 0.62¢

¢ 5 Kam Sorkh
0 40 0.81d 0.82d 0.84d 0.86e 0.87d 090e 092e 0.94f 0.96 0.98 f
60 0.52¢ 0.54f 0.56¢ 0.58f 059¢e 0.61f 0.62f 0649 0.66 9 0679
500 40 0.85e 0.90 cd 099¢c 1.05d 113c 1.19d 1.30d 1.35d 1.39d 1.42d
60 0.71c 0.73e 0.80d 0.85e 0.92d 0.98e 1.05e 110e 1.14e 119e
1000 40 0.94d 0.99b 1.13b 121c 130¢ 1.00c 164c 169¢ 172¢ 176¢
60 0.82b 0.89d 097¢c 1.03d 1l4c 1.21d 1.35d 1.40d 1.45d 1.49d

a4 Bushgan
0 40 213b 215¢ 2.18¢ 221c 224 bed 2.29¢ 231lc 2.33¢ 2.35b 237¢
60 0.78¢e 0.82f 0849 0.86 f 0.87e 0.90d 0.92d 091d 097c¢ 1.00d
500 40 205b 2.37bc 2.62b 2.73b 2.83ab 2.94b 3.04b 3.10b 3.10ab 311b
60 1.05de 122e 136f 145e 1.77d 2.08¢ 227¢ 2.30¢ 2.32b 2.33¢
1000 40 241ab 2.63ab 2.73b 2.82b 2.85ab 3.12b 3.32b 3.33b 3.50ab 3.36b
60 1.24 cd 1.41 de 1.70e 1.86d 2.12cd 227¢c 2.38¢C 240c 242b 244 ¢

ok Lenjan
0 40 6.20b 6.24c 6.30cd 6.34 cd 6.44 bc 6.50 bc 6.56 bc 6.59¢ 6.71 bc 6.87 bc
60 450¢e 4.64¢e 475f 5.04 497¢e 5.25d 5.30d 5.37d 549a 5.59d
500 40 6.50 b 6.47 be 6.52 bc 6.63 bc 6.70b 6.81b 6.84b 6.93 be 7.00 be 7.13b
60 5.30d 5.71d 5.86e 591e 5.98d 6.14c 6.33¢ 6.44c 6.51c 6.60c
1000 40 6.52b 6.67b 6.72b 6.79b 6.81b 6.90b 6.96 b 7.10b 7.16b 7.23b
60 5.67¢c 571d 5.77e 5.96e 6.33d 6.46¢c 6.57 be 6.74 be 6.82 bc 6.85 b

sU vl Ebrahim Abad
0 40 12.10b 12.11b 12.13b 12.17Db 12.08 b 12.22b 12.27Db 12.35b 12.38 b 12.45Db

60 8.00e 8.10e 8.08 e 8.12¢ 8.15e 8.18¢ 8.22¢e 8.26 e 83le 8.35e
500 40 12.17ab  12.20ab 12.23b 12.27b  12.30ab 12.13b 12.40ab 12.40ab 12.50ab 12.55ab

60 8.16 de 8.18 de 8.22 de 8.25 de 8.28 de 8.32 de 8.38 de 8.42 de 8.46 de 8.25 de

40 12.32a 12.36 a 12.39a 1243 a 1245a 1249 a 1252 a 12.55a 12.60 a 12.65a

1000 60  830d 832d  835d  840d  842d 887d  852d  852d  860d  867d
S9d> Jadushi

; 40  1843a 1847a 1856a  1862a 1865a 1866a 1867a 1860a 1869a  18.71a

60 1355b 1364b  1372b  1380b  1384b  1386b  1389b  13.92b  13.94b  13.97b

500 40 1866a 1868a 1870a  18.75a  18.80a  188la  1883a  1887a  18.92a  19.00a

60 1362b  1511b  1384b  1392b  1397b  1398b  1399b  1401b  1403b  14.10b

1000 40 186la 187la 1866a 1870a 1871a  18.72a  18.74a 1875a 1875a  18.80a

60 13.65 b 1430 b 13.70 b 13.90 b 13.86 b 13.87b 13.89 b 14.00 b 13.91b 13.93b

ol Lo yd B el )0 HId gime BB pus oximd LS dipre job 4y S gy j2 (gly g gt jb )0 wlide By
*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Table 6. Comparison of the mean effect of different sulfur levels under various moisture conditions on soil soluble
phosphorus and sulfate.

SP
SB gpw s Phosphorus (mg/kg) Sulfate (mg/kg)
Soil (kg/ha) (%0)
Series 40 days 80 days 120 360 25 60 360
days days days days days
0 40 20.4 f 20.6 g 20.8 de 20.47 ¢ 33F 45F 69 F
60 20.3g 20.5 h 20.6 e 20.60 e 26 F 37F 54 F
i 500 40 20.8 ¢ 21.23d 21.6¢ 223¢ 856 e 1056 e 1162 e
Daéeiz 60 20.4 fg 20.7 f 20.9d 2144 732¢ 858 e 972e
100 40 220a 22.8a 2350 a 245a 2202 ¢ 2823 ¢ 3575 ¢
0 60 20.6¢ 215¢ 22.20 b 231D 1436 d 1746 d 2083 d
0 40 12.7¢ 12.8 cd 12.9d 12.60 ¢ 667 f 730 g 767 g
' 60 122¢ 124e 1249 12.3d 655 g 666 h 678 h
&S 500 40 12.8 bc 12.9¢ 13.1¢ 12.8b 1162 d 1455 d 1565 d
S’;fk”; 60 122¢ 123e 12.6 125¢ 1068 e 1246 f 1352 f
100 40 13.1a 13.4a 13.7a 13.4a 1303 ¢ 1593 ¢ 1739 ¢
0 60 12.7¢ 1291 ¢ 13.1¢ 12.8Db 1068 e 1306 e 1490 e
0 40 32¢ 35¢e 3.4d 33cd 3890 g 3977 g 3604 h
60 3.8d 31f 30e 29e 3776 h 3844 h 3796 ¢
oK 500 40 35D 3.8 cd 3.7 bc 3.6 bc 4231 e 4350 e 4239 e
Bushgan 60 32¢ 35e 3.3d 3.2 de 4040 f 4231 f 4060 f
100 40 39a 46a 45a 34a 4468 ¢ 4760 ¢ 4625 ¢
0 60 36D 3.9 bc 39D 37D 4371d 4516 d 4450 d
0 40 13.2¢ 13.1cd 13.0ab 13.0ab 3718 f 3549 e 3518 e
o 60 12.87d 12.83 de 12.7 bc 12.6 be 3537 g 3500 e 3070 f
Le:jén 500 40 13.20 ¢ 13.1cd 13.0ab 13.0ab 6145 a 5920 b 5460 ¢
60 12.83d 127e 125¢ 125¢ 5337 ¢ 5312 d 5224 d
100 40 1370 a 1357 a 134a 13.2a 5826 ¢ 5660 c 5557 ¢
0 60 13";')0 13.20 be 13.1ab 129 5557 d 5293 d 5278 d
C abc
0 40 457a 447 a 430a 4.23a 5607 e 5500 e 5420 g
) 60 403a 3.92D 387a 377a 5423 f 5401 f 5380 h
AU el 40 460a 4.43ab 433a 420a 5841 b 5706 ¢ 5620 ¢
Ebrahim 500 60 4.00a 3.93 ab 3.83a 3.70a 5756 ¢ 5705 ¢ 5618 d
Abad 100 40 46a 4.40 ab 423a 410a 5920 a 5806 b 5718 b
0 60 44a 4.30 ab 410a 403a 5672d 5620 d 5610 e
40 23¢ 23¢ 23D 22D 5330 d 5250 d 5250 d
0 60 224 224 22¢ 21¢ 52%2 5220 d ;}SO
w92 40 25a 25a 24a 23a 5572 b 5510 b 5430 b
Jadushi 500 60 24D 23¢ 23b 22b 5239 5220 b 5130 f
100 40 2.4b 24b 2.3b 22b 5686 a 5640 a 5610 a
0 60 23¢ 224 22¢ 22D 5385 ¢ szzg 3?0

ol Lo yd B prdaw )0 5 gime BB pus oximd LS dipre job 4 S gy o (gl g giw jb )0 wlide Bg >
*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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Table 7. Comparison of the mean effect of different sulfur levels under various moisture conditions on soil available Fe and Zn.

SB g pw S SP (%) Fe (mg/kg) Zn (mg/kg)

Soil Series (kg/ha) 40 days 80 days 120 days 360 days 40 days 80 days 120 days 360 days
0 40 3.03d 3.06 de 3.08e 3.06 de 0.51 abcd 0.53 cd 0.57 be 0.53 bed
60 296 e 3.02e 3.05e 3.0le 0.46 d 0.49d 0.54¢ 0.56 bed

Loy 500 40 3.14b 3.18 bc 3.24¢ 3.18b 0.54 ab 0.62a 0.68a 0.59 ab

Dareh Bid 60 3.08 cd 3.10d 3.15d 3.12 cd 0.48 bed 0.52 cd 0.55¢ 0.51d
1000 40 3.09 be 3.17¢ 3.28 be 3.18b 0.53 abc 0.60 ab 0.67a 0.58 abc

60 3.05 cd 3.01d 3.28d 3.13hc 0.47 cd 0.52 cd 0.56 b 0.52 cd
0 40 3.03d 3.06 de 3.08e 3.06 de 0.51 abcd 0.53 cd 0.57 be 0.53 bed
60 296¢e 3.02e 3.05e 3.0Le 0.46d 0.49d 0.54¢ 0.56 bed

Ero S 500 40 3.14b 3.18 be 3.24c¢ 3.18b 0.54 ab 0.62a 0.68a 0.59 ab

Kam Sorkh 60 3.08 cd 3.10d 3.15d 3.12cd 0.48 bed 0.52 cd 0.55¢ 0.51d
1000 40 3.09 be 3.17¢ 3.28 be 3.18b 0.53 abc 0.60 ab 0.67a 0.58 abc

60 3.05 cd 3.01d 3.28d 3.13hc 0.47 cd 0.52 cd 0.56 b 0.52 cd

0 40 7.00 d 7.31c 7.22d 7.15b 0.61 cd 0.59 cde 0.57 cde 0.56 cd

60 6.30e 6.51d 6.31e 6.21¢c 0.55¢e 0.55¢e 053¢ 0.53d

Qe 500 40 7.31bc 7.69b 7.57 be 7.33b 0.64 cd 0.62 cd 0.61 cd 0.60 ¢
Bushgan 60 6.59 e 6.67d 6.55¢ 6.30 ¢ 0.59 de 0.57 de 0.55 de 0.54 cd

1000 40 7.49b 7.89b 7.74b 7.57 ab 0.72b 0.71b 0.70 b 0.68b

60 7.08 cd 7.37¢ 7.33cd 7.30b 0.65¢ 0.63¢ 0.61c 0.59¢

0 40 6.28a 6.25a 6.19a 5.83d 0.61a 0.59a 0.51ab 0.42 ab

ok 60 5.99b 5.89 ¢ 5.82¢ 5.64e 057a 0.51ab 0.43 ab 0.36 b
Lenjan 500 40 6.27a 6.23a 6.18a 6.15a 0.59a 0.57 ab 0.52 ab 0.43a

60 6.18 ab 6.17 ab 6.15ab 6.11ab 0.57a 0.55 ab 0.45 ab 0.37b

1000 40 6.25a 6.22a 6.19a 6.07b 0.58a 0.58a 0.55a 0.47a

60 6.12b 6.10b 6.02b 5.90¢ 057a 0.51b 0.50 ab 0.37b

0 40 497a 4.89a 483a 471a 0.56a 0.54a 0.52a 0.51b

60 4.00d 393¢c 3.87¢ 3.75¢ 0.50 ab 0.47 b 0.45a 0.43a

Ul peal 500 40 472ab 4.63 ab 4.56 ab 451ab 0.55a 0.54a 051a 0.48 be
Ebrahim Abad 60 4.50 bc 4.43 ahc 4.38 abc 4.29 abc 0.51ab 0.49 ab 0.47 a 0.45 be
1000 40 4.59 abc 4.47 abc 4.31 abc 4.27 abc 0.54 a 0.53a 050 a 0.46 bc

60 424 cd 4.03¢c 3.97 be 3.84c 0.51 ab 0.49 ab 0.46 a 0.44 ¢

0 40 10la 1.00a 0.98 a 0.90 a 0.70 a 0.65 a 0.61 a 0.58 a

. 60 0.90 be 0.88 bc 0.84 cd 0.80 b 0.75a 0.66a 0.60a 0.57a
Sl 40 0.98 ab 0.95 ab 0.94 ab 0.84 ab 0.74a 0.66 a 0.62a 0.60a
Jadushi 500 60 0.79 de 0.77 de 0.76 de 0.71 cd 077a 0.65a 0.60a 058a
1000 40 0.93 be 0.92 be 0.89 be 0.80b 0.70a 0.61a 0.56a 0.55a

60 0.79 de 0.75 de 0.74 ¢ 0.71 cd 0.77a 0.60a 0.55a 0.54a

sl 8o )> B s )3 5 gime BB pis oaimd i djore job &y S gy 2 (gl g gt 2 )d lie By
*Similar letters within each column and for each soil series separately indicate no significant difference at the 5% level.
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