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Abstract This study aims to understand rhizosphere

effects on soil carbon (C) and nitrogen (N) differences

of three annual plants (Crassocephalum crepidioides,

Ageratum conyzoides and Bidens pilosa) in different

fallow ages: 2 years (FP-2), 5 years (FP-5) and

10 years (FP-10) in Mizoram, northeast India. In 2

and 10 years fallows, dominant annual plants were A.

conyzoides and B. pilosa respectively, however, in

5 years fallow; dominance equally shared among

three species. The rhizosphere soil nutrients (organic

carbon—SOC, total nitrogen—TN, microbial biomass

C-MBC and N-MBN, NH4-N, NO3-N, N-mineraliza-

tion rate—Nmin) were significantly (P\ 0.05) greater

in longer fallow compared to shorter fallow period.

Rhizosphere soil of three annual plants showed

11–25%, 10–24%, 28–53% and 49–103% greater

SOC, TN, MBC and MBN, respectively in FP-10

compared to FP-2. Similarly, 118–200%, 50–93%,

100–125% and 58–100% greater NO3-N, NH4-N,

nitrification and Nmin rates were recorded in these

stands. The concentrations of NH4-N, rates of nitrifi-

cation and Nmin in rhizosphere soil were greater than

bulk soil but the reverse was true in case of NO3-N.

Difference between rhizosphere and bulk soil in the

studied plants across fallow periods ranged from 17 to

63% in SOC, 27 to 64% in MBC, 21 to 70% in MBN,

52 to 80% in NH4-N and 25 to 67% in Nmin. The

magnitude of rhizosphere effect of the three annual

plants on soil C and N properties differed with fallow

length. These results suggest that the microbial

activity in rhizosphere soil is largely affected by the

plant species and soil fertility level depending on

fallow period. The differences in rhizosphere soil C

and N largely depends on the soil fertility levels and

the ability of the host plants to exploit resources.

Keywords Rhizosphere � Annual plants � Fallow

phase � Soil nutrients � N-mineralization

Introduction

In northeast India, sustainable agricultural production

is threatened by soil degradation due to land use

changes, particularly shifting cultivation, a traditional

form of agriculture, carried out by tribal populations in

tropical moist forest. Previously, this practice was

ecologically balanced and economically feasible in

northeast India because of prolonged fallow periods

([ 20 years) and low population densities (Tanaka

et al. 2001; Bruun et al. 2009; Grogan et al. 2012).

However, in recent years due to substantial increase in

population densities along with inaccessibility of

limited land in hilly areas, fallow period has drasti-

cally reduced (\ 5 years), which has posed a serious

problem of soil fertility and food security for the
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farmers (Grogan et al. 2012). This has led to decrease

soil fertility, increase soil erosion and reduce crop

yields. Therefore, shifting cultivation system with

short fallow periods becomes the most unsustainable

farming practice in this region. The implementation of

different land use practice like agro-forestry, length-

ening the age of fallow would be difficult because of

initial monetary investment (Tripathi et al. 2017) and

thus a low cost technology to improve soil health and

crop productivity would be needed to help farmers in

the region.

The cycling of soil carbon (C) and nutrients as

affected by the rhizosphere processes have been

studied extensively for agricultural crops and grasses

grown under controlled conditions (Kuzyakov et al.

2000; Jones et al. 2004). Several studies on rhizo-

sphere nutrient cycling of trees have been conducted

on tree seedlings in laboratory microcosms with few

under the field conditions (Phillips and Fahey 2006).

In previous studies, inorganic N in rhizosphere soil in

relation to bulk soils has been reported to increase (De

Neergaard and Magid 2001), decrease (Wang et al.

2001; Warembourg et al. 2003), or no change (Yanai

et al. 2003). Nutrient cycling in rhizosphere of annual

plants may greatly differ from that of trees and tree

seedlings due to differences in their physiological

characteristics like nutrient requirements, capacity to

acquire nutrient, growth periods, and environmental

conditions (Gobran et al. 1998; Jones et al. 2009).

Studies on the rhizosphere processes in annual plants

under different land uses are not available. Therefore,

there is a strong need for further studies on rhizosphere

nutrient cycling of annual plants under different fallow

to understand N cycling properties underlying in

rhizosphere soil in shifting agriculture. The main

objectives of the present study were: (1) to determine

the levels of rhizosphere soil C and N of annual plants

(Crassocephalum crepidioides, Ageratum conyzoides

and Bidens pilosa) in different fallows and (2) to

evaluate differences in rhizosphere soil C and N in

relation to bulk soil of dominant annual plants under

different fallows i.e. 2 years, 5 years and 10 years

(hereafter referred as FP-2, FP-5 and FP-10 respec-

tively) in Muallungthu, Mizoram. We hypothesize that

rhizosphere soil C and N in annual plants would

increase with the length of fallow periods but the

magnitude of rhizosphere effect will vary depending

on the fallow periods as well as the plant species. This

study will improve our understanding on rhizosphere

effect on soil C and N in annual plants under different

soil condition as affected by fallow length.

Materials and methods

Site description

The study was conducted in three abandoned fallow

lands e.g. FP-2, FP-5 and FP-10 in Muallungthu,

Mizoram. The geographic position of the study sites

were: 2383604300 to 2383604400 N and 9284301100 to

9284301400 E and the altitude ranged from 800 to 850 m

amsl. Soil of the study site was light to medium

textured (sandy to clay loam), falls under red soil

group and belongs to order inceptisol, the slope of land

varied from *35 to 45� (Hauchhum and Tripathi

2018, In press). The study site experienced a warm and

wet humid tropical climate with mean annual temper-

ature ranged from 16 to 25 �C with a total annual

rainfall of 2350 mm. The annual plant species present

in these study sites on the basis of dominance were:

Crassocephalum crepidioides, Ageratum conyzoides,

Bidens pilosa, Chromolaena odorata, Knoxia corym-

bosa, Cantella asiatica, Oxalis corniculata, Spilan-

thes acamella, Phyllanthus urinaria, Mikania cordata,

Urena lobata, Melastoma nepalensis, Cassia ociden-

talis, Costus speciosa.

Soil sampling

At each site a permanent plot of 1 ha area was

selected. Within each permanent plot, six sub-plots of

10 m 9 10 m at least 30 m apart from each other

were established to carryout intensive sampling of soil

and vegetation characteristics. These sub-plots were

considered as true replicates. Abundances of early

regenerating plants were studied by laying five

1 m 9 1 m quadrats in each sub-plot in June, 2014.

Three most dominant annual plants of the study sites

(Crassocephalum crepidioides, Ageratum conyzoides

and Bidens pilosa) were selected for further analysis of

their rhizosphere and bulk soils C and N properties.

These plants were among the early colonizers of the

study area. In July 2014, rhizosphere soil and bulk

soils of three dominants species listed above were

recovered from 20 cm soil depth from each sub-plot

(10 m 9 10 m) with the help of soil auger. Rhizo-

sphere soil was collected from soil attached to live
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roots after gentle shaking and with the help of

tweezers. The soil remaining in the core not attached

to the roots were considered as bulk soil (Phillips and

Fahey 2006). Six soil cores were collected from each

sub-plot with a total of 36 soil cores from six replicated

sub-plots of each fallow land. The soils composited

from two sub-plots were composited by thorough

mixing of soils from 12 cores. This way three

replicated samples were prepared from each site. Live

fine roots, debris and stones were removed from the

soil at the site. The soil samples were brought to the

laboratory and sieved to pass through 2 mm mesh. The

soil samples were divided into two parts, one part was

air dried for the analysis of soil pH, soil organic carbon

(SOC) and total nitrogen (TN) and the other part was

used as fresh and kept in a deep freezer at -5 �C for the

determination of soil moisture content (MC), micro-

bial biomass carbon (MBC) and nitrogen (MBN),

NH4-N and NO3-N content. MBC and MBN were

analyzed within 2 weeks to avoid effect of freezing

that may alter the soil microbial properties.

Laboratory analysis

Gravimetric soil moisture content (SMC) was esti-

mated by oven drying the known weight of field moist

soil. Soil pH was measured with a glass electrode

(1:2.5 soils:water ratio) using digital pH meter. SOC

was determined by K2Cr2O7 wet-oxidation method

(Walkley 1947) and TN was analyzed using CHN

analyzer (CHNS-O Elemental Analyzer EUROEA,

3000). Soil microbial biomass carbon (MBC) and

microbial biomass nitrogen (MBN) were determined

using fresh soil samples (25 g) through chloroform–

fumigation–extraction method (Brookes and Joer-

gensen 2006). The fumigated and non-fumigated

portions of each soil sample were extracted with

100 ml 0.5 M K2SO4. Soil suspensions were filtered

through a Whatman No. 42 filter paper. One part

(10 ml) of the filtrate was used for the determination of

MBC by the methods described above for SOC and the

other part for determination of MBN by Micro-

Kjeldahl method (Bremner and Mulvaney 1982). For

the determination of MBN samples were digested on

heating block (KEL Plus, Pelican Equipment, India) at

360 �C for 2 h followed by distillation in the presence

of 50 ml of 40% NaOH using an automatic distillation

chamber (Classic DX, Pelican Equipment, India). The

difference between fumigated and non-fumigated

samples in terms of C and N was determined, and

the MBC and MBN were calculated using conversion

factors KEC = 0.38 and KEN = 0.45, respectively

(Jenkinson et al. 2004). Soil NH4-N and NO3-N were

determined by phenate method (Wetzel and Likens

1979) and phenol disulphonic acid method (Jackson

1958), respectively. N-mineralization (Nmin) rate was

measured in situ by buried bag technique (Eno 1960)

where part of soil sample was sealed in ziplock plastic

bag and reburied in field at a depth of 20 cm after the

removal of organic debris and roots. After one month,

the buried bag was retrieved and the soil samples were

analyzed for final NH4-N and NO3-N. Nmin was

calculated as the difference in the level of soil mineral

N (NH4-N ? NO3-N) concentrations before and after

the incubation for 30 days. Similarly, the nitrification

rate was calculated as the difference in NO3-N

concentration before and after the incubation for

30 days.

Computation and statistical analysis

Computation for species composition, relative abun-

dances and importance value index (IVI) were calcu-

lated as the procedure outlined by Mueller-Dombois

and Ellenberg (1974). Diversity indices by Shannon–

Wiener and Margalef were calculated using the

following formulae:

H0 ¼ �R pilnpi Shannon and Weaver 1963ð Þ

where pi is proportion of individuals of species

R ¼ S� 1ð Þ=lnN Margalef 1958ð Þ

where R is Margalef index. S is the species number in

each quadrat and N is the number of all individual

species.

All the results were expressed as means ± 1

standard error (1 SE). Analysis of variance (ANOVA)

was performed to test the effect of fallow age and

annual plant species on soil variables followed by LSD

test to compare the means. All statistical analysis was

performed using SPSS software package (Version

20.00 for Windows).
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Results

Changes in annual plant diversity and richness

with fallow length

Species richness and plant diversity were significantly

affected by the length of fallow period. Species

richness was significantly less (3.86) in short fallow

compared to long fallow (5.13). Consequently, Shan-

non–Wiener plant diversity was less in FP-2 (1.68) and

high in FP-10 (1.91) (Fig. 1a). On the basis of

Important Value Index (IVI), Ageratum conyzoides

was the dominant species (IVI-97%) followed by

Bidens pilosa (IVI-62%) and Crassocephalum crepid-

ioides (IVI-42%) in FP-2 stand. However, in FP-10

stand, the dominant species was B. pilosa (IVI-63%)

followed by C. crepidioides (IVI-39%) and A. cony-

zoides (IVI-28%). In FP-5, dominance was equally

distributed among the three annual plants species with

IVI ranged from 58 to 61% (Fig. 1b).

The level of rhizosphere soil C and N in three

annual plants in different fallow

The amount of SOC, TN, MBC and MBN was

significantly influenced by length of fallow but soil

pH and SMC was not affected (Table 1). Soil of the

study site was acidic in reaction with pH ranged from

5.06 to 5.27 and SMC ranged between 17.1 and 23.4%

(Table 2). The amount of SOC and TN in rhizosphere

of C. crepidioides and B. pilosa was significantly

affected by the length of fallow but the same did not

vary in A. conyzoides. The amount of SOC and TN in

rhizosphere soil of the annual plants ranged from 2.91

to 3.95 mg g-1 and 0.28 to 0.36 mg g-1, respectively

(Table 2). The increase was more marked in the

amount of MBC (257–423 mg kg-1) and MBN

(21.1–39.4 mg kg-1) in different fallows compared

to SOC and TN in three species (Table 2).Variations

in MBC/MBN ratio in rhizosphere soil of C. crepid-

ioides and A. conyzoides was not significant due to

fallow length. However, the ratio varied significantly

due to fallow length in the B. pilosa with higher ratio

(14.27) in short fallow compared to long fallow

(10.34) (Table 2).

The length of fallow period significantly improved

the level of NH4-N and NO3-N, and the rates of

nitrification and Nmin in the rhizosphere soil of three

dominant plants (Table 1). The concentrations of

NH4-N and NO3-N increased significantly with fallow

length and the value ranged from 0.13 to

0.45 mg kg-1 and 0.44 to 0.91 mg kg-1, respectively.

Similarly, the nitrification and Nmin rates in rhizo-

sphere soil of the studied plants ranged from 0.25 to

0.61 mg kg-1 month-1 and 0.49 to 1.11 mg kg-1

month-1, respectively (Table 3).

Differences in soil C and N in rhizosphere soils

of annual plants in relation to bulk soil

Differences in soil pH, SOC, TN, MBC and MBN in

rhizosphere soil compared to bulk soil of three annual

plants were presented in Fig. 2. The soil pH signifi-

cantly decreased in the rhizosphere soil of all plants

compared to bulk soil (Fig. 2a). However, the amount

of SOC, MBC and MBN significantly differed in

rhizosphere soil of annual plants compared to bulk

soil. The amount of rhizosphere SOC in C. crepid-

ioides was 33%, 26% and 16.5% greater compared to

bulk soil in FP-2, FP-5 and FP-10, respectively.

Corresponding level of SOC in A. conyzoides and B.

pilosa was: 62.7%, 36%, 27% and 53.5%, 33.5%,
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38.5% greater, respectively, in three fallows stands

(Fig. 2). Similarly, the amount of TN was also greater

in the rhizosphree soil compared to bulk soil with few

exception as in case of B. pilosa in FP-2 and A.

conyzoides in FP-5 (Fig. 2c). The amount of MBC in

the rhizosphere soil was 30–44%, 27–64% and

36–54% greater compared to bulk soil in C. crepid-

ioides, A. conyzoides and B. pilosa, respectively

(Fig. 2d). In A. conyzoides, the level of MBN was

69.7%, 37.5% and 20.75% greater in FP-2, FP-5 and

FP-10, respectively. Corresponding higher values in

the level of MBN in rhizosphere soil of C. crepidioides

and B. pilosa was: 44.7%, 40.5% and 22.5%, and

51.3%, 30.5% and 36.25%, respectively in these

stands (Fig. 2e).

The concentrations of NH4-N, rate of nitrification

and Nmin differed significantly in rhizosphere soil

compared to bulk soil (Fig. 3b–d). On the other hand,

Table 1 F value of ANOVA conducted to assess the effect of

fallow age, plant species and their interactions on soil pH,

SMC-soil moisture content, SOC-soil organic carbon, TN-total

nitrogen, MBC-microbial biomass carbon, MBN-microbial

biomass nitrogen, NO3-N, NH4-N, nitrification rate and

N-mineralization

Soil variables Fallow phase Plant species Fallow 9 plant

pH 0.383 0.019 0.122

SMC 0.822 0.551 0.254

SOC 6.510 0.977 0.326

TN 9.370 0.226 0.829

MBC 49.12 10.28 5.41

MBN 45.17 0.306 1.56

NO3
--N 8.950 1.288 3.11

NH4
? -N 32.24 0.455 1.34

Nitrification rate 10.61 1.041 1.46

N-mineralization 17.52 0.319 0.28

F-values in bold represents significant differences (P\ 0.05)

Table 2 Variations in soil moisture content (SMC), pH, soil

organic carbon (SOC), total nitrogen (TN), microbial biomass

carbon (MBC), microbial biomass nitrogen (MBN) and

microbial biomass C/N (MBC/MBN) ratio in rhizosphere soil

of Crassocephalum crepidioides, Ageratum conyzoides and

Bidens pilosa in three fallows

Plant species Fallow

length

SMC pH SOC TN MBC MBN MBC/MBN

% mg g-1 mg g-1 mg kg-1 mg kg-1

C.

crepidioides

2 years 17.07 ± 1.6 5.17 ± 0.05 2.91 ± 0.21 0.28 ± 0.01 257 ± 7.73 21.1 ± 2.01 12.18 ± 1.12

5 years 20.63 ± 3.3 5.27 ± 0.21 3.39 ± 0.22 0.33 ± 0.02 302 ± 13.08 29.2 ± 2.75 10.34 ± 1.14

10 years 20.07 ± 2.8 5.14 ± 0.06 3.65 ± 0.07 0.34 ± 0.01 393 ± 15.15 35.4 ± 1.94 11.01 ± 0.89

LSD 3.17 0.102 0.46 0.043 58.25 5.87 1.07

A. conyzoides 2 years 20.97 ± 2.1 5.06 ± 0.06 3.22 ± 0.35 0.31 ± 0.01 303 ± 9.05 23.3 ± 2.46 13.00 ± 0.95

5 years 22.52 ± 1.4 5.21 ± 0.01 3.36 ± 0.13 0.31 ± 0.01 342 ± 10.6 27.2 ± 3.58 12.57 ± 0.86

10 years 21.29 ± 2.5 5.21 ± 0.15 3.56 ± 0.28 0.34 ± 0.01 384 ± 16.31 34.7 ± 3.24 11.06 ± 0.97

LSD 3.08 0.116 0.625 0.071 45.74 6.87 1.25

B. pilosa 2 years 18.62 ± 2.2 5.12 ± 0.04 3.17 ± 0.22 0.29 ± 0.02 277 ± 6.43 19.4 ± 3.18 14.27 ± 0.91

5 years 20.28 ± 2.4 5.23 ± 0.05 3.57 ± 0.12 0.32 ± 0.01 331 ± 17.33 26.4 ± 1.99 12.53 ± 0.92

10 years 23.35 ± 3.3 5.12 ± 0.09 3.95 ± 0.08 0.36 ± 0.02 423 ± 19.8 39.4 ± 2.88 10.76 ± 1.05

LSD 4.08 0.127 0.507 0.058 42.51 6.82 1.62

Values are means of 3 replicates ± 1SE
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the concentration of NO3-N was significantly

decreased in the rhizosphere soil relative to bulk soil

(Fig. 3a). The highest differences in NH4-N between

rhizosphere and bulk soil was recorded in FP-2 in A.

conyzoides (79.7%) followed by B. pilosa (61.8%) and

C. crepidioides (52.5%). Similarly, magnitude of

Table 3 Variations in NO3-N, NH4-N, rates of nitrification and N-mineralization (Nmin) in rhizosphere soil of Crassocephalum

crepidioides, Ageratum conyzoides and Bidens pilosa in three fallow lands

Plant species Fallow length NO3
--N NH4

?-N Nitrification Nmin

mg kg-1 mg kg-1 mg kg-1 month-1 mg kg-1 month-1

C. crepidioides 2 years 0.13 ± 0.01 0.44 ± 0.02 0.25 ± 0.02 0.49 ± 0.03

5 years 0.24 ± 0.02 0.68 ± 0.03 0.41 ± 0.01 0.81 ± 0.03

10 years 0.38 ± 0.04 0.75 ± 0.03 0.51 ± 0.03 0.98 ± 0.02

LSD 0.055 0.115 0.061 0.135

A. conyzoides 2 years 0.16 ± 0.02 0.52 ± 0.01 0.26 ± 0.03 0.62 ± 0.06

5 years 0.28 ± 0.03 0.71 ± 0.03 0.41 ± 0.03 0.84 ± 0.03

10 years 0.35 ± 0.04 0.78 ± 0.06 0.53 ± 0.04 0.98 ± 0.02

LSD 0.065 0.162 0.069 0.252

B. pilosa 2 years 0.15 ± 0.01 0.47 ± 0.05 0.27 ± 0.02 0.62 ± 0.02

5 years 0.23 ± 0.04 0.64 ± 0.02 0.39 ± 0.02 0.81 ± 0.02

10 years 0.45 ± 0.03 0.91 ± 0.06 0.61 ± 0.01 1.11 ± 0.04

LSD 0.086 0.235 0.085 0.283

Values are means of 3 replicates ± 1SE
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rhizosphere effect in Nmin was greatest in rhizosphere

soil of A. conyzoides (25.1–66.7%) followed by C.

crepidioides (25.6–51.5%) and B. pilosa

(33.5–63.2%). Interestingly, the higher rhizopshere

effect was recorded in short fallow compared to long

fallow.

Discussion

Changes in vegetation composition with fallow

periods

The vegetation analysis exhibited the dominance of

three annual plants (e.g. A. conyzoides, C. crepidioides

and B. pilosa) in bare soil during secondary succession

in different fallows (FP-2 to FP-10). This indicates that

long-term agriculture activities in the past might have

inhibited the proliferation of plants with long-life

cycle. On the other hand, annual and bi-annual plants

with stable soil seed pools had advantage of acceler-

ating its growth through rapidly exploiting the avail-

able soil nutrients and thus, become dominant species

by quickly occupying the abandoned land. Further, the

dominance of early colonizing plant species (i.e. A.

conyzoides and C. crepidioides) in FP-2 and FP-5 was

superseded by B. pilosa as fallow period increased (in

FP-10) which may be the result of competitive abilities

of the species to the altered soil nutrient conditions

(Fig. 1b). The increases in plant diversity and species

richness with fallow periods were related to increase in

soil fertility level and plant biomass in long fallow

periods. These findings support that species richness in

abandoned land is relatively lower during the early

stage of succession that increase till mid-stage and

relatively decrease with increasing fallow periods (El-

Sheikh 2005; Wang et al. 2009).

Rhizosphere soil C and N differences in different

fallow lands

Rhizosphere soil properties of annual plants depend

upon fallow periods and soil conditions in which they

grow. Lower C and N in rhizosphere soil in short

fallows compared to long fallow may be the result of

nutrient limited condition (e.g. C and N limitation),

however, as a result of increased fallow period, the

abiotic stress is benign and utilization of nutrient

substrate by microbes is stimulated due to greater root

exudation (Zhang et al. 2012). In the present study,

greater rhizosphere effects on soil properties (e.g.

SOC, N, MBC and MBN) of annual plants in longer

fallow may be the result of enhanced microbial

metabolic activities due to increased soil nutrient

and extensive roots as in FP-10 stand that stimulate the

activity of microorganisms in rhizosphere (Hauchhum

and Tripathi 2017; Zhang et al. 2012). Increased

rhizosphere soil available N (NH4
? –N and NO3

- –N)

in long fallow compared to short fallow may be the

result of enhanced organic matter input and conver-

sion of organic N into mineral N. Rhizosphere priming

effect on soil organic matter decomposition have been
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Fig. 3 Changes in (a) NO3-

N, (b) NH4-N,

(c) Nitrification rate and

(d) N-mineralization rate

between bulk soil (BS) and

rhizosphere soil of

Crassocephalum

crepidioides (Cc), Ageratum

conyzoides (Ac) and Bidens

pilosa (Bp) in three fallow

lands (FP-2, 2 years fallow;

FP-5, 5 years fallow and FP-

10, 10 years fallow)
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reported to enhance Nmin and nitrification rate in

rhizosphere soil (Colin-Belgrand et al. 2003; Phillips

and Fahey 2006). The amount of N in the rhizosphere

soil has been reported to be strongly correlated with

soil organic matter decomposition and intensely

stimulated by root exudates (Jackson et al. 2008).

This may also be accountable for greater Nmin rate in

longer fallow compared to shorter fallow. Greater

microbial biomass C/N ratio in short fallow phase

reflects negative effect on nitrification and Nmin rates

due to altered rhizosphere microbial composition

(higher fungal biomass in relation to bacterial

biomass) rather than total microbial biomass

(Table 3). This may be considered as an ecosystem

level strategy of plants to efficiently utilize the slowly

released N from the meager soil organic matter in the

short fallow and to avoid its runoff loss on steep

slopes. On contrary, decreased microbial biomass C/N

ratio in longer fallow indicate dominance of bacterial

biomass in relation to fungal biomass. In addition,

increase plant species richness during the course of

succession (Singh et al. 2015) increases total root

exudation in the system that resulted into enhanced

rates of Nmin and nitrification in longer fallow.

Rhizosphere soil C and N in relation to bulk soil

in three annual plants

Consistent with our hypothesis, variation in rhizo-

sphere effect was observed among the annual plants

under different fallows. The present study showed

differences in the amount of soil nutrients in their

rhizosphere zone which is attributed to differences in

microbial composition as well as root exudation rates.

In current investigation, differences in the amount of

NH4-N, NO3-N, Nmin and nitrification rate in rhizo-

sphere soil with respect to bulk soil were significantly

high in dominant species at each stand. This reflected a

strong rhizosphere effect of dominant plants like A.

conyzoides in FP-2 and B. pilosa in FP-10. Moreover,

the extent of nutrient limitation varies among the

annual plants studied growing in different fallow

length due to differences in their ability to acquire

deficient nutrients (Zhao et al. 2010). It shows that

during vegetation succession, plants have varying

strategy to acquire nutrients (C and N) from soil

particularly under nutrient deficient condition in this

region for their growth. Changes in rhizosphere effect

in Nmin among annual plants were related to variation

in quality and quantity of root exudates as well as

intrinsic soil characteristics (Jones et al. 2004). It has

been hypothesized that plant roots regulate rhizo-

sphere C flow through exudation, recapture of exudes

as well as mobilization and acquisition of nutrients

from soil and thus rhizopshere effect of different plant

species depend on the type and amount of root

exudates along with soil properties (Jones et al.

2004). As discussed above, rhizosphere priming effect

of soil organic matter may be among the primary

factors for differences in the rhizosphere effect in A.

conyzoides, C. crepidioides and B. pilosa. Among the

dominant species studied B. pilosa rhizosphere exhibit

greater soil nutrients than other species. A possible

explanation for this result is the low nutrient resources

in young fallow for A. conyzoides that probably

reduced the microbial utilization of C released by the

roots. On the other hand, increased nutrient supplies

and better plant growth stimulated the microbial

growth and activity in longer fallow. These results

imply that soil condition play an important role in

altering the microbial community in rhizosphere zone.

Pinton et al. (2007) found that soil nutrient condition

and root chemistry of the plant have been assumed to

be the main factors that regulate the root exudation.

Tscherko et al. (2004) also reported that rhizosphere

microbiota in early stage of succession is determined

by the available resources for microorganisms in the

bulk soil rather than by the host plant. Therefore,

differences in the amount and type of exudates among

annual plants under different soil fertility level in the

present study may be principally responsible for C and

N dynamic in rhizosphere soil. The current investiga-

tion depicts that rhizosphere soil properties primarily

depend on soil condition depending on fallow phase

rather than the plants.

Conclusions

This study provides information on rhizosphere effects

on soil C and N properties of annual plants growing

under different fallow periods (FP-2, FP-5 and FP-10)

following shifting agriculture in Mizoram, northeast

India. The plant species diversity and richness

increased from short to long fallow periods. The

amount of rhizosphere soil C and N was greater in long

fallow compared to short fallow. The magnitude of

rhizosphere effect of the annual plants was greater in
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short fallow compared to long fallow which differ

among the plant species suggesting varying capacity

of the plants to exploit soil nutrient under limited

conditions. This study demonstrates that interaction of

rhizosphere microbes changes under different soil

fertility levels as affected by the length of fallow.

However, rhizosphere processes are rather compli-

cated and need further efforts to identify the interface

between plant roots and microbial activity under

different soil condition to understand the mechanisms

of rhizosphere nutrient cycling.
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