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Table 1- Some characteristics of the clay and alfalfa residues used in this study

o329 Thaw
Specific surface pH EC (uS em™)
area
(SSA) (m? g?)
Wil oS £95 Na-Clay Wil oS g9 sl 55lS g5
EWl Ol E9 EWWl Hw b £ EWl How b E9
P X" [XW
) 1SS Saturated Saturated Saturated
Clay minerals cation cation cation
ol b o ]
Na Ca jsls 5‘“’*’ )li ‘_,Jle
o' Charge density b Na Ca Al Na Ca Al
CEC
EGME ? mmolc kg mmolc m?
MMJ?K 41 18 85 2.07 x 103 70 7.7 56 23 34 133
Kaolinite
bl
IIIEt.é 195 150 202 1.03 x 103 6.1 70 52 23 36 26
Cighigecize 799 680 820 1.02 x 10°3 55 66 50 24 46 32
Montmorillonite
k;l U")g Js OI9r C/N
axig gble ocC Total nitrogen
Alfalfa residues % % -
48.21 3.7 13

Specific surface area as determined by ethylene glycol monoethyl ether

Charge density=CEC/ Specific surface area (7)
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1- Freeze dryer
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Figure 1- The effects of clay type on percentage of NH4*-N during the incubation time
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Table 2- The analysis of variance of data showing the effects of clay types, clay contents and exchangeable cations on
percentage of NH4*-N and NO3z™-N

Mean Squares Ol po (Sl

(NHa*-N) sogmigol (59 55

(NOS-N) 1535 5595

Ol S 2l @33l 4y % %
Sources of variations df g . g .
(590) oilled ploj e (590) oallss Gloj o
Incubation time (day) Incubation time (day)
15day 30day 45day 60day 15day 30day 45day 60 day
Clay types 2 0.08™ 0.21™ 0.42™ 0.62™ 0.23™ 1.03™ 2.32" 3.77"
Clay contents 2 0.42™ 1.65™ 4.33™ 6.83"™ 14.15™ 22.78™ 32.52"" 4491
Exchangeable cations 2 0.03™ 0.12" 0.29™ 0.49™ 0.12" 0.32™ 068" 1.13"
Clay types x Clay contents 4 0.02 0.06™ 0.13™ 0.18™ 0.06™ 0.31™ 069" 1.13"
Clay types x Exchangeable cations 4 0.002" 0.005" 0.018™ 0.027"" 0.007* 0.004™ 0.008™ 0.018™
Clay contents x Exchangeable cations 4 0.009" 0.036™ 0.082™ 0.133"™ 0.37"" 0.081" 0.170™ 0.284™
Clay typesxc'ayggt?éigtsx Exchangeable 8  0.001™ 0.003" 0.010™ 0.018™ 0.012" 0.021" 0.024" 0.046™
Error 54 0.001 0.002 0.002 0.002 0.002 0.002 0.002 0.003
Coefficient of variation (%) - 774 451 373 332 327 196 149 142

Conss I gime MBI NS g 4> simo O 9 Vi prlaww > ol )5 &y % g
**and * significant at 1% and 5% and ns, not significant respectively
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Table 3- The analysis of variance of data showing the effects of clay types, clay contents and exchangeable cations on
percentage of mineralized nitrogen and microbial biomass nitrogen

Mean Squares Ole po il

B (Jaxe (459 yid

P p Mineralized nitrogen ‘%'39’;“:" 2399 S 039
Ol gt 2slio L o Microbial biomass nitrogen
_ %
Sources of variations df
(395) crillgs loj o _
Incubation time (day) mg N/50 g dry soil
15day 30day 45day 60 day
Clay types 2 0.58™ 220" 4.81™ 7.63" 19.49™
Clay contents 2 19.20" 36.86" 61.92" 86.69™ 173.48™
Exchangeable cations 2 027" 0.83™ 1.85" 3.16™ 248.93"
Clay types x Clay contents 4 0.16™ 058" 1.277 2.02" 6.37"
Clay types x Exchangeable cations 4 0.006™ 0.009"" 0.015™ 0.04™ 9.20™
Clay contents x Exchangeable cations 4 0.073" 0.21" 0472 081" 65.22™"
Clay types x Clayé:fg)triléer:‘r;ts x Exchangeable 8 0007° 0.016" 0.024" 0.054" 313"
Error 54 0.003 0.003 0.003 0.004 0.63
Coefficient of variation (%) - 331 191 1.36 1.29 11.17

Cms I sime MBI NS g Jl> o O 9 Vi prdaws )3 o3y 4y % g s

**and * significant at 1% and 5% and ns, not significant respectively
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Figure 2- The effects of clay type on percentage of NO3z-N during the incubation time
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Figure 3- The effects of clay type on percentage of mineralized nitrogen during the incubation time
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Figure 4- The effects of clay type on microbial biomass nitrogen
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Figure 5- The effects of clay content on percentage of NH4*-N during the incubation time
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Figure 5- The effects of clay content on percentage of NO3z-N during the incubation time
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Figure 7- The effects of clay content on percentage of mineralized nitrogen during the incubation time
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Figure 8- The effects of clay content on microbial biomass nitrogen
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Figure 9- The effects of exchangeable cation on percentage of NH4*-N during the incubation time
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Figure 10- The effects of exchangeable cation on percentage of NOs™-N during the incubation time
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Figure 11- The effects of exchangeable cation on percentage of mineralized nitrogen during the incubation time
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Figure 12- The effects of exchangeable cation on microbial biomass nitrogen
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Table 4- The effects of clay type and clay content on percentage of NH4*-N and NOz—N
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Clay type x Clay content
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%

%
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Incubation time (day)
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Incubation time (day)

15 day 30 day 45 day 60 day 15 day 30 day 45 day 60 day

0 0.59 a 1.14a 165a 2.05a 2.07a 314 a 416 a 515a

Kaolinite 5 0.55b 0.97b 1.32b 1.60 b 1.05b 1.96 b 2.86b 3.64b

10 0.38d 0.72d 0.96d 1.19d 0.86 d 1.66 ¢ 2.44d 3.17d
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10 0.39d 0.68 de 0.92d 1l14e 0.79e¢ 156 ¢ 2.30e 3.00e

0 0.59 a 1.14a 165a 2.05a 2.07a 314a 416 a 515a

Montmorillonite 5 0.35d 0.65e 0.85e 1.05f 0.77e¢ 1.49f 2.16 f 279 f
10 0.26 e 0.53f 0.71f 0.86 g 0.58 f 0.99¢g 1459 1.89¢g
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 5- The effects of clay type and clay content on percentage of mineralized nitrogen and microbial biomass nitrogen
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Mineralized nitrogen
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Q¥ yIBe X gy Eo %

Microbial biomass nitrogen

Clay type x Clay content

(595) oslled Gloj e
Incubation time (day)

mg N/50 g dry soil

15 day 30 day 45 day 60 day
267a 4.29a 5.85a 7.28a 43le
Kaolinite 5 160b 2.94b 4.20b 528b 9.12b
10 1.24d 2.39d 3.43d 4.39d 10.35a
2.67a 4.29a 5.85a 7.28a 431e
Ilite 5 1.38¢c 2.64c 3.77¢ 4.80c 7.33cd
10 1.18¢ 2.25¢e 3.24¢e 4.17e 9.79 ab
2.67a 4.29a 5.85a 7.28a 431e
Montmorillonite 5 1.13e 2.15f 3.03f 3.86f 6.73d
10 0.84f 153¢g 2179 277¢g 7.65¢
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 6- The effects of clay type and exchangeable cation on percentage of NH4*-N and NOs-N

(NH4™-N) oguigal (5955 (NOs-N) 13 o393
W adlS sa . % %
‘JJD. 09'3" 89‘”0"")&9’ (, )‘.\Jb"&'lﬁ“'—’-\ﬂ (' )¢Mb" ~L°‘Q.\°
Clay type x Exchangeable cation 990) ORI 0% 29:) ORI 0%)
Incubation time (day) Incubation time (day)
30 day 45 day 60 day 15 day 30 day 45 day 60 day
Na 0.94b 1.28¢c 157¢c 1.34b 2.29b 3.19b 1.02b
Kaolinite Ca 1.03a 147a 18la 1l41a 2.36 a 3.29a 418 a
Al 0.86 cd 1.19de 1.46 de 1.23d 211e 2.98d 3.76d
Na 0.88¢c 1.22d 1.51d 1.27c 2.18d 3.06 ¢ 3.88¢c
Ilite Ca 0.95b 1.33b 1.65b 1.33b 2.24¢c 317D 4.04b
Al 0.86 cd 1.19 de 1.46 de 1.19e 2.02f 2.80e 3.56 e
Na 0.79e 1.09 f 1.36 f 1.16¢e 1.90 h 2.62¢g 331g
Montmorillonite Ca 0.83d 1.16¢e 143e 117e 1.95¢ 270 f 3.41f
Al 0.70 f 095¢g 1179 1.09 f 1.78i 2.45h 3.10h
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 7- The effects of clay type and exchangeable cation on percentage of mineralized nitrogen and microbial biomass
nitrogen

B (Jare (459 yid

e e (2950 8395 St § (359 p
Mineralized nitrogen

Microbial biomass nitrogen

PP 98 g9 X, £ %
Clay type x Exchangeable cation (392) ywililed ylo; e
Incubation time (day) mg N/50 g dry soil
30 day 45 day 60 day

Na 3.24b 450 b 5.63¢ 6.27d
Kaolinite Ca 340a 4.79a 6.06 a 1257 a
Al 2.98d 4.19d 5.63 ¢ 4.95 ef
Na 3.08¢ 43lc 5.44 d 5.73 de
llite Ca 3.21b 453b 5.75b 10.55b
Al 2.89e 4.02¢ 5.07 f 5.14 ef
Na 2699 3.749g 471h 5.42 ef
Montmorillonite Ca 2.79f 3.88f 4899 8.58 ¢
Al 249 h 3.43h 4311 4.68f
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 8- The effects of exchangeable cation and clay content on percentage of NH4*-N and NO3z™-N

(NH4™-N) possigol 5925

(NOs™-N) 515 jgr

ooy MEe X (Iol5 951 £ % %
Exchangezble cation xClay (55) sy plaj (55) sy plaj o
content Incubation time (day) Incubation time (day)
15 day 30 day 45 day 60 day 15 day 30 day 45 day 60 day
0.59a 114a 1.65a 2.05a 2.07a 3.14a 4.16 a 5.15a
Na 5 0.46 ¢ 0.84c 1.10c 1.33¢c 0.92¢c 1.77c 2.59 ¢ 3.32¢
10 0.33e 0.63¢e 0.84f 105f 0.79d l46e 212¢e 2.74
0.59a 114 a 1.65a 2.05a 2.07 a 3.14 a 416 a 5.15a
Ca 5 0.50b 0.95b 131b 161b 1.03b 187b 2.73b 3.53b
10 0.41d 0.73d 1.00d 1.24d 0.79d 1.54d 2.27d 2.96 d
0.59 a 1.14a 1.65a 2.05a 2.07a 3.14a 4.16a 5.15a
Al 5 0.39d 0.63¢e 0.84f 1.05f 0.80d 1.56 d 2.27d 2.90e
10 0.30e 0.57f 0.75¢g 0.90¢g 0.64¢e 1.22f 181f 23749
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Table 9- The effects of exchangeable cation and clay content on percentage of mineralized nitrogen and microbial biomass
nitrogen

D (Faxe (459 yin

e 29550 83955 Comnt § (359 p
Mineralized nitrogen

vy ylado X Jold 98518 g4 % Microbial biomass nitrogen
Exchangee::télr(‘etgﬁilon x Clay (395) oroblsd oloj e |
Incubation time (day) mg N/50 g dry soil
15day 30 day 45 day 60 day
2.67a 4.29a 5.85a 7.28a 431e
Na 5 1.38¢ 2.63¢ 3.72¢ 469c 6.08d
10 1.12e 2.09e 297 f 3.82f 7.03¢
2.67a 4.29a 5.85a 7.28a 431e
Ca 5 1.53b 2.83b 4.06b 5.18b 12.27 Db
10 1.20d 2.28d 3.29d 4.23d 15.13 a
2.67a 429a 5.85a 7.28a 43le
Al 5 1.19d 2.27d 3.22e 4.07 e 484¢e
10 0.94 f 1.80f 257¢g 3.29¢ 5.62d
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In each column, means with similar letters don’t have significantly different in probability level of 5%, from the view point of
Duncan's multiple range tests
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Introduction: Mobilization and stabilization of organic matter in soils represent a set of complex processes
involving the processing and decomposition of organic matter by diverse communities of soil fauna and
microorganisms, as well as chemical-physical interactions with mineral particles of soil. Clay minerals have high
effects on the soil organic matter dynamics. Clay minerals with the physical protection of organic matter play an
important role in reducing the rate of decomposition of organic matter. The effects of soil texture on the soil
organic matter dynamics have been investigated in many studies, but the effects of exchangeable cations and
clay types on mineralization of organic nitrogen and microbial biomass nitrogen have not been given much
attention. For this reason, the aim of this study was to evaluate the effects of types and clay contents and
exchangeable cations on the mineralization of organic nitrogen and microbial biomass nitrogen.

Material and Methods: Appropriate amounts of homoionic Na-, Ca- and Al- clays from Georgia kaolinite,
Ilinois illite and Wyoming montmorillonite were mixed with pure sand to prepare artificial soils with different
clay contents, exchangeable cations, and clay types. The artificial soils have zero, 5 and 10% clay from Georgia
kaolinite, Illinois illite and Wyoming montmorillonite that their clay minerals saturated with Ca, Na and Al.
Alfalfa plant residues were incorporated into the artificial soils and the soils were inoculated with microbes from
a natural soil and incubated for 60 days and concentration of NHs-N and NOs-N were measured every 15 days.
In the artificial soil samples, microbial biomass nitrogen was measured by the fumigation-extraction method in
the end time of incubation period.

Results and Discussion: The results of this study showed that the percentage of mineralized nitrogen in the
two-month incubation period, was higher in the pure sand than in soils containing 5% and 10% clay, indicating
that clay contents influence the capacity of soils to protect and store organic nitrogen. Microbial biomass
nitrogen increased as the amount of clay in the soil increased. The highest and lowest amounts of microbial
biomass nitrogen measured in soils with 10% clay (9.26 mg per 50 g dry soil) and pure sand (4.31 mg per 50 g
dry soil), respectively. There was a significant influence of exchangeable cations on the percentage of
mineralized nitrogen and microbial biomass nitrogen. The microbial biomass nitrogen and the percentage of
mineralized nitrogen were highest in Ca-soils and lowest in Al-soils. The percentage of mineralized organic
nitrogen in two months of incubation period was highest in soils with Georgia kaolinite clay and lowest in soil
with Wyoming montmorillonite clay. The amounts of microbial biomass nitrogen in soils with Wyoming
montmorillonite clay were lower than soils with Georgia kaolinite and lIllinois illite clays. The percentage of
mineralized organic nitrogen increased as the incubation period increased. The results of this study indicated that
organic nitrogen mineralization rates and microbial biomass nitrogen were affected by types and clay contents
and exchangeable cations and interaction of organic matter with clays and is an important process as it slows soil
organic matter decomposition.

Conclusions: Mixing the alfalfa residues with artificial soils and incubation samples allowed to study the
effects of types and clay contents and exchangeable cations on the percentage of NH4*-N, NOs™-N, mineralized
nitrogen, and microbial biomass nitrogen. Soils with different clay contents have different surface areas and
cation exchange capacities; therefore, it is concluded that organic nitrogen storage of soils is, partly, controlled
by the surface areas, cation exchange capacity and physical protection provided by the soils. Nitrogen
mineralization and the amounts of microbial biomass nitrogen were different in soils with different exchangeable
cations. It is concluded that exchangeable cations exert their influence on microbial biomass and hence nitrogen
dynamics by controlling the size and activity of the microbial population through modifying the physicochemical
characteristics of microbial habitats. Since various clay minerals have different specific surface areas and cation
exchange capacity and the physicochemical changes induced in the soil environment as a result of variations of
exchangeable cations is much greater in soils with higher cation exchange capacity and specific surface area. It
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seems the effects of clay mineralogy on the dynamics of organic materials and microbial biomass, in part, arise
from the type of exchangeable cations present on the exchange sites of the clay minerals.
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