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The effects of earthworms (Ew), arbuscular mycaahi(AM) fungi and mixed cropping
systems on nitrogenase activity of rhizosphere-liseg bacteria, soil microbial biomass C
(MBC) and growth of clovers were studied in variouised cropping ratios of 1:0, 3:1, 1:1 and
1:3 berseem clovefT(ifolium alexandrinum L.) to Persian cloverTgifolium resupinatum L.).
AMF G. mosseae and cropping system gave significantly affectedaial forage yield. Mixed
cropping gave a greater stability of yield over maouture. AlthoughG. mosseae application
increased mycorrhiza colonization rate but thers wa obvious effect of clover ratios on
mycorrhiza colonization rate. The greatest P-upta&s in the berseem clover:Persian clover
ration treatment of 3:1. N-uptake accumulated iovabground biomass of 173.64 kg’ha
obtained from mixed cropping BP (3:1) with the grese ofG. mosseae. AM fungi G. mosseae
increased microbial biomass from 260.2 to 459.2CGnkg". The greatest amounts of 404 mg
kg™ soil microbial biomass C was found in the 1:1aaif berseem clover to Persian clover.
With AM G. mosseae inoculation, the greatest nitrogenase activitytozosphere free-living
bacteria was a 1:1 ratio of berseem clover to Rersiover.
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Introduction

Soil quality, being an intricate interaction of afieal, biological, and
physical components of the soil system, is inditaly several key factors,
which are influenced by soil management practicesyé et al., (2006). In
Iran as some parts of world, tragically soil qualitf farms declined by
intensive agriculture. This study tried to measpential soil biological
indicators in different intercropping systems tgnove soil quality as well as
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stability crop production. Berseem cloveFrifolium alexandrinum L.) and
Persian clove(Trifolium resupinatum L.) where are annual leguminous forage
or cover crop species well adapted to semi-aridiitimms of the Mediterranean
areas. They are high-yielding, nutritious, coolssen forage crops Knight,
(1985) grown in pure stands or in mixtures with waingrass species for
overwinter grazing and for harvested forage inrgp(Marschner and Timonen,
2004; Matrtiniello, 1999; Stringgt al., 1987).

Intercropping gives a greater stability of yieldeep monoculture Willey
and Reddy. (1981). Morever, mixed or intercroppiagvidely practiced by
indian farmers because it often gives higher casturms and the total
production per hectare than monoculture and engueater resource use
efficiency (Herrara and Harwood, 1974).

Providing a direct physical link between soil atanp roots, the arbuscular
mycorrhiza (AM) fungi are important rhizosphericaniorganisms. They can
increase plant uptake of nutrients especially iketBt immobile elements such as
P, Zn and Cu (Tinker and Gildon, 1983) and consettyiéncrease root and
shoot biomass and improve plant growth. The eftdcAM fungus on soll
microbiological properties recorded in the literatis inconsistent (Hodge, 2000;
Johanssost al., 2004). There are many positive (Langtewl., 2005; Van Aarle
et al., 2003; Wambergt al., 2003); negative Langlegt al. (2005) and Lo pez-
Gutie'rrezet al. (2004) or Kimet al. (1998) effects interactions between AM
fungus and soil microorganisms have been detedtggending on other factors
such as AM inoculum type, plants species, the phamivth stage, the kinds of
hyphae produced, the residence time of hyphaluesid

Recent research revealed a third interaction, migegpping (MC)
system, that may significant in terms of overallomyhizal colonization rate,
soil microbial biomass C, N-uptake and plants ghoeitdifferent crops.

Materials and methods

Study area and soil propertyField experiments were conducted at the
Seed and Plant Improvement Institute, Karaj in 200éraj is located in the
northern of Iran (54 °50_ N, 55 °35 W and 1312hbmove sea level). The mean
monthly Temperature ranges from 24.7°C in Augu$i.1oC in January and the
mean annual rainfall is 262 mm. Most rain fallsnirédlovember to April. The
properties of soil are shown in Table 1.

The experimental design was a factorial experimantcomplete
randomize design with 3x6 in three replicationse Tiieatments were factor A
include: with or without AMG. mosseae and the factor B include 5 cropping
system, stand ratios of 1:0, 3:1, 1:1, and 1:3,dd:therseem clover to Persian
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clover (BP). Each stand ratio treatment containdd pgants. The mixed
cropping design was based on the replacement phéci

Our previous research (Unpublished) examined arogls between
seeding densities and plant stands in both fieltl greenhouse environments
for two years. Plant stand establishment was recbapproximately 70 and
40% of the seeding rate for Persian and berseespectvely. Clover seeding
rates were based on this research, but ultimatsylsgs were thinned to 84
plants m?in the appropriate ratio.

Mycorrhiza inoculum

Mycorrhizal fungus inoculums consisted of sporgpHae and jowar root
fragment from a stock culture @lomus mosseae. The inoculated (115 spores
cm® of inoculum) dosage was 60 g of inoculum$. Bince mycorrhizal spore
propagules extracted from the native soil wereesxélly low (1-2 per kg), no
attempt was made to fumigate the soil. The mycparkblonization rate of both
clovers species was assayed before the first guffine mycorrhiza colonization
assessment was carried out using the method deddrjpBrundretet al. (1996).
Root were stained in trypanblue, and mycorrhizamahtion levels determined
using the gridline intersect method of Giovanetti &oss (1980).

Plant sampling

Plant samples were cut from an inner plant areart by hand at 5 to 7.5
cm above soil level. Shoot samples were oven ditetD °C until daily checks
indicated no further decreases in weight. Dried@eswere weighed, and allowed
to remaining as green manure on each plot. Driebdalge was ground to pass
throw a 0.5-mm screen and analyzed for N concemtr&rundrettet al. (1996).

Acetylene reduction assay (ARA)

The nitrogenase activity of rhizosphere of frefnaly bacteria in soils was
studied using the acetylene reduction techniquenl®vithizosphere soil of three
to eight plants from each treatment were sampléal ita the afternoon, and
placed in vessels stopped with Suba-Seals. Theslges®re evacuated to 40
mmHg (ca. 5.3 kPa) and flushed four times with ard®% of this gas mixture
was then removed and replaced with acetylene. €hgels were incubated at 28
to 30°C, and 1.0-ml samples were assayed after aiBshfor ethylene by
injection into a Hewlett-Packard gas chromatogreyith a Poropak R column
(Shimadzu, GC-148B, Japan). Ethylene productiorhpar was finally related to
the dry weight of the soil.
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Microbial biomass determination

The method of Jenkinson (1988) was used to MBCr akgrowth
harvesting. Briefly, each soil was weighed into lohate beakers and fumigated
with ethanol-free chloroform at 25 C for 24 houkfter removal of chloroform
vapour by repeated evacuation, the soils were lateni with 1% unfumigated
soils and placed in 1.5-L Mason jars. This was ua#len following the method
of Vanceet al. (1987). The soils were then extracted with 0.K330,. Controls
were prepared by extracting soil without fumigatidine soil suspension was
filtered through aWhatman no. 42 filter paper (Ve Ltd., UK). Total organic
C content in the soil extracts was measured wdlclaromate digestion method.
Microbial biomass C was calculated from the diffe in extractable organic C
between the fumigated and unfumigated soil, asviali

MBC - 2.64FEC [Amora-Lazcanet al., (1998)]

Where FEC refers to the difference in extractabiganic C between
fumigated and unfumigated treatments; and 2.6Aagtoportionality factor of
MBC released by fumigation extract- radiation (Vastal., 1987).

Data analysis

All measured variables were assumed to be norndiifributed and
statistical analyses by ANOVA were performed usB@S software (SAS,
1990). The significance of difference between treatts was estimated using
the LSD range test with a 0.05 if a main effecinberaction was significant.

Results
Mycorrhiza colonization rate and plant biomass

Analyses variance of various treatments on pladt sl characters are
shown in Table 2. Clover plants were colonized lintr@atments that were
inoculated with AM fungi G. mosseae (43%). Non-inoculated treatments
(control) registered only 5-6% colonization. Theras no obvious effect of
clover ratios on mycorrhiza colonization rate.

The yield of clovers was expressed as dry weighvdoious treatments at
each (Anilet al., 1998) cutting as well as the sum of total drygive Clover ratio
and AM fungi had significantR<0.05) effect on total forage yield (Table 2). Total
forage yield was greatest with a 1:1 ratio of bemséo Persian clover (Table 3).
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Nutrient uptake

The main effects of AMF treatment and CS on P uptakre statistically
significant £<0.01) (Table 2). Shoot P uptake in treatments with ARHve
significantly higher than that in control. AME. mosseae increased P-uptake of
116.4 to 117.8 p gy The main effect of CS on P uptake was significént
uptake by ratio of 3:1 berseem clover: Persianalavas the highest among
treatments (Table 3).

The main effects of AMF treatment and its inter@asi with CS on N
uptake were statistically significanP£0.01) (Table 2). With present of AMF
G. mosseae, Clovers in treatments with ratio of 3:1 and lalethe highest N
accumulation (Fig. 1).

Nitrogenase activity

The main effect of AMF and CS and their interaction NA of free-living
bacteria were statistically significar?<0.05). NA of free-living bacteria was
increased by AM and CS ratio of 1:1 berseem clawv@&ersian clover (Fig. 2).

Microbial biomass

Results indicated main treatment effects of AM fusignd MC on MBC
was significant. MBC in mycorrhizal treatments veagnificantly higher than
that in non-mycorrhizal treatments (Table 2). Vasoatios of mixed cropping
increased MBC.

Discussion
Plant biomass

In agreement with other studies (Asilal., 1998; Evans, 1960; Grimes
al., 1983; Kurata, 1986) intercropping improved thewgh of both berseem
and Persian clovers. Both clover species had aegrbarbage dry weight f
which may be made both clovers more competitive lfight, water and
nutrients when grown in the mixture with anothesvelr species. The crops did
not experience inter-specific competition. Supdiyorof fodder yields of
berseem clover over Persian clover was perhapstawe higher number of
tillers and branches (data not shown). Despitertilbrmation, higher fodder
yield obtained in berseem clover than Persian clexas possibly due to more
rapid dry matter accumulation in berseem cloverer&hwas not tried before
finding yield of Persian/berseem clover as summep ¢rom this area to give
opportunity to compare this result with the othesults from literature. But in
other area such in Michigan, Shresdéhal. (1998) reported total annual forage
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yield of 5400 Kg h& when berseem clover was harvested in two cutiimgse
year following spring seeding and In Montana, Wetstet al. (1995) reported
forage yields from a two cutting system of 7700 Kg". Clovers exhibit
various yield in response to climate and croppiagedHowever in another
study, ratio of 3:1 Persian clover to berseem aida the highest forage dry
matter than the other mixed ratios (Zaetal., 2008). But in this study there
was not significant different among mixed croppiatgos on dry forage yield.

The synergistic symbiosis between plants and adbesenycorrhizal
fungi has been subjected of intensive researchiesk(@nd Zeto, 2000; Hodge,
2000; Huatet al., 2002; Marschner and Timonen, 2004; Smith anddR&297;
Van Aarleet al., 2003 and Yu and Cheng, 2003).
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Fig. 1. N-uptake accumulated in above-ground biomass @34 bf single or mixed cropping
clovers (P and/or B) inoculated or not wiBhmosseae. Meanszts.e., p<0.05.
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Nitrogenase activity of
rhizosphere free-living bacteria
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Fig. 2. Nitrogenase activity of free-nitrogen fixer ba@eof single or mixed cropping clovers
(P and/or B) inoculated or not with. mosseae. Meanszs.e., p<0.05.
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Shoot N and P uptake

There are few reports on advantage of N uptake éneat/cereal
intercropping system over sole cropping. The exadian of N increase of both
clovers species intercropping was not applicablaedoe legume/ none legume
intercropping because that associated with no [Idtibxn. There are closed
relationships between yield advantage and nutrnigithke by intercropping
species (Morris and Garrity, 1993).

Bareaet al. (1987) showed that N uptake in plant inoculatrath AM
was significantly higher than for uninoculation kM roots. Azco n-Aguilar
et al. (1993) reported that mycorrhizal plants have sede forms of N that
was unavailable to non-mycorrhizal plants. Benedifect of AMF on
enhancement P uptake reported elsewhere.

Nitrogenase activity

Mycorrhizal treatment clearly led to distinctivecirase in the activities of
NA. AM fungus could influence microbial activity drbiomass by affecting root
exudates quantitatively and qualitatively in thehgysphere. Our findings are in
agreement with other studies indicating a highéviac of various soil enzymes
in the presence of AM fungus (Kirt al., 1998; Rao and Tak, 2001; Wang,
2006). Va'zquezet al. (2000) reported higher enzyme activities in the
rhizosphere of mycorrhizal plants that may be due¢rease in C and nutrient
exudation from infected roots. Amora-Lazcast@l. (1998) studied the response
of N-transforming microorganisms to two differe@lomus species. The
occurrence of autotrophic nitrifying bacteria int poultures of sweet corn
colonised by the AM fungG. mosseae and G. fasciculatum was significantly
higher than in nonmycorrhizal cultures, whereas amfying and denitrifying
bacterial populations significantly decreased it paltures of mycorrhizal
plants. Evidently, the presence of AM fungi can ifyoghopulations of N-
transforming microorganisms and these interactionay affect nutrient
availability in soils (Amora-Lazcand al., 1998).

Mixed cropping increased NA of free-living bacterotential benefits of
intercropping increased in yields, protein and derajuality, N contributions
from legumes, greater yield stability, and reduadideases Anil (1998).
Intercropping of berseem clover with Persian clovety affect root exudates
guantitatively and qualitatively in the rhizospharal in return activity of free-
living bacteria.

Appears that clover species revealed different eu@isms to interact
with nitrogenase activity and nutrient uptake te ttropping system and AM
Fungi. This study has shown that cropping systenedrporation with AM.
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Fungi were able to stimulate shoot growth, P-uptakeptake and NA and this
effect depend on clover species and the way baotfeclspecies are grown, the
cropping system.

Table 3. Mycorrhiza colonization rate(%), Forage yield, ftake, nitrogenase
activity and Soil biomass C of single or mixed @ing clovers (P and/or B).

Treatments Mycorhiza Forage dry P-uptake Soil microbial biomass C
Colonization matter Kg ha™ ug g* Mg C kg™ soil
Arbuscular +AM 43.50 a 6224.70a 117.8a 459.20a
mycorrhiza -AM 5.12b 6200.50b 116.40b 260.27b
LSD 0.05% 1.77 23.294 0.68 29.833
B(1:0) 22.80b 6227.60d 117.6ab 334.67b
B(3:1) 24.8a 6375.60b 118.6a 362.50ab
Cropping system  BP(1:1) 24.8a 6617.60a 116.2c 404.00a
BP(1:3) 25.1a 6289.60c 116.6bc 361.67ab
P(0:1) 24.0b 5552.60e 116.45c 335.83b
LSD 0.05% 2.8 36.83 1.07 47.17
Arbuscular NS NS NS NS

mycorrhizax
Cropping system
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Table 1.Main characteristics of the soil used for the pgieziment.

pH Organic total N available Bacteria MPN of N,  Populations of No of Mycorrhizal
matter P(0.5 mol/L (CFU) fixers Azotobacter earthworms spore
(0.01M (%) NaHCO3) (gt soilx 16) (gtsoilxlG  (g-tsoilx10®  (depthin5to propagules
CaCl2) (%) cells) cells) 35cm nid) (no. kg* soil)
mg/kg
7.1 1.08 0.027 12.21 21.9 18.7 5.2 2.7 2

Table 2. Analyses variance of mycorrhiza colonization raté8tage dry matter yield, nitrogenase activitypshN-
P uptake and Soil biomass C of single or mixed giragpclovers (P and/or B)

Treatments df Mean Square
Mycorhiza ~ Foragedry matter  P-uptake Nitrogenase activity of N-uptake Soil microbia
Colonization free- N fixation biomass C
bacteria
Block 2 7.39 10876.2** 2.71* 2.4 178.1* 3469.23
Arbescular 1 11078.4* 4392.2* 16.13** 155.04* 28280.02** 2868.53**
mycorrhiza
Cropping 4 556 948521.9** 6.32** 33.71** 1446.9** 4755.71*
system
Arbescular 4 127 500.0 1.15 4.07* 445.83** 100.78
mycorrhizax
Cropping
system
Error 1 5.33 921.9 0.79 1.31 30.13 1512.27
C.V. - 948 0.48 0.75 7.8 4.69 10.8

. significantly (P<0.05)
« **significantly (P<0.01)
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