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Abstract Low-input organic agriculture is preferred over conventional agriculture for its sustainability and environ-
mentally friendly nature. In this investigation, a field trial experiment was conducted to unravel the effect of conventional
and organic farming practices on soil health and productivity under rice-wheat cropping system. Moreover, the dynamics
of microbial communities was analyzed under both the farming systems using denaturant gradient gel electrophoresis
(DGGE) and qRT-PCR techniques. This study found that the soil organic carbon was significantly higher under the organic
farming system (0.63 £ 0.3% in wheat and 0.88 £ 0.2% in rice) than the conventional farming system (0.2 £ 0.1% in
wheat and 0.63 £ 0.3% in rice). Quantification of 16S rDNA and nifH genes revealed higher abundance of total bacteria
(2.52 x 10" in rice and 2.40 x 10'!in wheat) as well as diazotrophs (8 x 10° in rice and 1.8 x 107 in wheat) under the
organic farming system. Therefore, higher copy number of nifH genes in organic soil indicated that the diazotrophs played
a significant role in supplying N for plant growth. DGGE band pattern authenticated that the bacterial diversity was higher
under organic farming system. This study also showed that conventional practice gives comparatively more yield i.e.
0.29 t ha' extra rice and 2.86 t ha~' more wheat than in organic farming. All other plant growth parameters are found
higher in organic except nitrate reductase activity. This study signifies that organic farming is sustainable and can substitute
the conventional practice for cost-effective, beneficial soil health and environmental sustainability for the long term.
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Modernization of agricultural farming systems tends to
generate adequate food supply to the world’s existing
population, and this feat inevitably led to the conventional
farming practices which require high capital, high input,
rationalization and uses of agrochemicals [16]. However, it
is imperative to manage the contradictions between agri-
cultural modernization, social equitability, agroecological
sustainability and resilience for over the long term. Under
conventional farming systems, applications of extensive
synthetic pesticides and growth fertilizers have a negative
impact on environmental health and also lead to long-term
degradation of soil resources, which is a global concern
[7, 31].

In India, the production and consumption of chemical
fertilizers have shown substantial growth over the years.
Whereas pesticides consumption was 0.29 kg ha™" (gross
cropped area) in the year 2014-20135, this was 50% higher
than the use in 2009-2010 [9]. The intensive use of these
agrichemicals poses potential threats to surrounding
ecosystems and causes a human health hazard. Ever since
from the dawn of the Green Revolution, it is estimated that
approximately 800,000 people have lost their lives due to
pesticides in developing countries [8]. Thus, at the present
scenario, modern agriculture is facing a twinning challenge
that is augmentation in agricultural production and envi-
ronmental sustainability. Therefore, the shift from con-
ventional agriculture to alternative sustainable low-input
agriculture system is required for prosperous and envi-
ronmentally friendly growth.

Among alternative agriculture systems, organic farming
has achieved tremendous thrust around the globe due to its
agroecological, socioeconomic and cost-effective concerns
[2]. Organic agriculture is the holistic approach which
provides sustainability, low-input and environmentally
friendly system and is considered as a suitable substitute
for conventional agriculture system. Furthermore, it
involves the use of biofertilizers, biopesticides, composts
and manures, which besides increasing soil fertility,
enhances natural processes, improves soil organic matter
status and also nurtures soil biological function, thus
reclaiming degraded soil properties for long-term soil fer-
tility [26]. Moreover, organic foodstuffs have increasing
high demand as they are produced according to specified
standards, which control the use of chemicals in crop with
minimal environmental impact. Nevertheless, organic food
has many defense-related secondary metabolites which are
missing in conventional food [5]. At present, the maximum
percentage of certified organically farmed area is occupied
by Australia than any other country, with around 23 million
hectares under cultivation. However, India has the greatest
absolute number of recognized organic farmers [34].
Organic farming is more relevant to the Indian scenario
where the government put special emphasis on policies like
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“per drop, more crop” and “zero budget natural farming”
in which farming takes place without using any credit or
chemicals but with natural means [15].

However, there are reports which suggest that currently,
conventional agriculture contributes to 98.9% of the total
world’s food [36]. But the proponents of organic agricul-
ture often identify various disadvantages of conventional
agricultural practices [4, 6, 22]. Discrepancies between
reports may be due to interactive effects of several farming
practices, soil quality, crop varieties, time of harvesting,
etc. [27]. The genuine overview of wholesome sustain-
ability of organic farming systems, however, continues to
face many challenges. Such concerns require a greater
understanding of the long-term productivity of organic
farming system and its feasibility as an alternative to the
conventional practices, for sustainable use of natural
resources.

Therefore, the present investigation was conducted for
comparing conventional and organic management systems
with major emphasis on soil health, soil microbial diversity
along with plant growth and productivity.

Materials and Methods
Study Site and Experimental Design

A field trial experiment was conducted in organic agri-
culture technology block at G.B. Pant University of Agri-
culture and Technology, Pantnagar (29° 01’ 12.0” N and
79° 29’ 16.8” E at 243.84 m altitude), with Pusa Basmati 1
variety of rice and UP 2565 variety of wheat (Online
resource). The two plots—one of organic and one of con-
ventional farming system (of 408 m? each), were split into
three subblocks for conducting the experiments by using
randomized block design (RBD). Organic and conventional
fields were separated with a tract of Sesbania as a buffer
zone in rice and with flax in wheat. Sesbania was used for
green manuring in organic rice field before rice trans-
plantation, while in wheat farmyard manure was used
during the sequential period. Chemical fertilizers (NPK)
were used only in the conventional plot at regular interval.
Soil order was described as Mollisol with suborder udoll
and great group Hapludoll (USDA classification). The soil
was silt clay loam in texture with pH 7.25 (£ 0.4) and
electrical conductivity 0.22 (£ 0.1) dS m! (in a soil/water
ratio of 1:2.5, weight/volume). Further, soil organic carbon
(% oxidizable carbon) was 0.63 (£ 0.3) % of soil mass,
nitrate—nitrogen was 10.00 (% 0.8) kg ha™"' and phospho-
rus (as P,Os) was 65.00 (£ 1.1) kg ha~'. The climate of
the experimental site was subtropical and humid with
1000-2000 mm annual rainfall. The temperature ranges
from ~ 48 °C in summer to <0 °C in winters. The
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relative humidity was recorded highest in July—August,
while it was recorded lowest in April and May.

Soil and Plant Sample Collection

Soil samples were collected at different time intervals, i.e.
before plowing, after transplantation/sowing in rice/wheat,
at 45 days after transplantation/sowing (DAT/DAS) (at
maximum tillering), 60 DAT/DAS (panicle initiation) and
90 DAT/DAS (at maturity). Soil samples from each study
site, i.e., conventional and organic fields, for both crops,
i.e., rice and wheat, respectively, were collected from dif-
ferent points between the rows of the crop at the depth of
0-15 cm and 15-30 cm. All the collected samples from
each farming system were quickly transferred to sterile zip
plastic bags and transported to the laboratory and stored at
4 °C for subsequent soil analysis. For metagenomic anal-
ysis, soil samples were stored at — 20 °C. All the analyses
were performed in triplicates.

Soil Chemical Analysis

Sampled soil was divided into two parts: one part was kept
for microbial community analysis, and another part was
taken for soil pH, total organic carbon (TOC), nitrate—ni-
trogen (NN) and available phosphorus (P) analysis,
respectively. All soil testing was performed by the K054
soil testing Kit, Himedia Laboratories Pvt Ltd India, as
recommended by the manufacturer.

Microbial Community Analysis
Soil DNA Extraction

Total soil DNA was extracted from 0.50 g (fresh weight)
soil sample by using the Powersoil™ DNA isolation kit
(Mobio Lab. Inc., USA), according to the manufacturer’s
instructions. DNA was quantified spectrophotometrically at
260 nm and stored in TE buffer (10 mM Tris, 1 mM
EDTA, pH 8.0) at — 80 °C till further use [33].

Quantification of 16S rDNA and nifH Copy Number in Soil

Copy numbers of 16S rDNA and nifH genes from collected
soil samples were quantified using iCycleriQ™ Multicolor
(Bio-Rad Lab, Hercules, USA) real-time polymerase chain
reaction (QPCR) machine as described in previous studies
[17, 32].

Denaturant Gradient Gel Electrophoresis (DGGE)
Analysis

PCR for DGGE analysis was performed as per earlier
studies [17, 32]. DGGE was performed on a Dcode system
(Bio-Rad Lab, Hercules, CA, USA), and the products were
separated on 8% (w/v) acrylamide—bisacrylamide gel with
a 40-70% denaturing gradient of urea and formamide at
60 °C at 90 V in 1X TAE for 16 h. The gels were stained
for 30 min in ethidium bromide in 1X TAE (Invitrogen,
Paisley, UK) and visualized with a Gel Documentation
System (Bio-Rad Lab, Hercules, CA, USA).

Plant Growth Parameters

Plant shoot length, root length, plant dry weight, number of
tillers per hill and number of spikelet per panicle were
studied at 45, 60 and 90 DAT for rice/DAS for wheat.
Yield in tonne per hectare (t hafl) and harvest index (HI)
were also studied after the harvesting in both rice and
wheat.

Plant Biochemical Parameters

Total leaf chlorophyll content and leaf nitrate reductase
activities were studied by using previously mentioned
methods of Hiscox and Israelstam [13] and Hageman and
Hicklesley [11], respectively.

Statistical Analysis

Three replicates of each treatment were taken for statistical
analysis, and resulting values were expressed as mean =+
SEM. Further, the results were statistically evaluated using
a Statistical Package for Social Science (SPSS) tool com-
paring the mean values of two independent assortments.
Student’s 7 test (P < 0.05) was carried out to assess any
significant differences between the means of traits under
the organic and conventional mode of crop production.

Results
Soil Chemical Properties

The initial soil pH before plowing was 7.25 (£ 0.4) and
had increased slightly under both farming systems after
transplantation/sowing. At 45 and DAT, it was observed
that the pH of conventionally and organically managed soil
was around 8 and 7, respectively. Moreover, at 90 DAT,
the soil pH was found to decrease under both the farming
systems (Table 1).
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Table 1 Soil chemical properties of rice and wheat under organic and conventional management practice

oc APH® NN°
g idi : -1 1
Management (% oxidizable organic carbon) (kg ha™) (kg ha™")
practices Treatments pH A — -
*0.2/0.9>% |11 (1.3 2000
) #09)" ) e
- 7.25
Rice (*0.4)
BP
Wheat 725
(x04)
7.75
Rice © &0.1)
c 7.50
(x0.1)
AT/AS
o 7.75
Wheat =0.3)
c 7.50
(x0.2)
7.50
e c 8.00
45DAT/D (£0.2)
AS o 7.00
(x0.2)
Wheat
C 8.25
(x0.1)
7.00
Rice © (x0.1)
! c 8.25
60DAT/D (x0.1)
AS 6.25
(¢}
(x0.4)
Wheat - 2.00
(£0.2)
o 6.25
90DAT/D Rice (x0.3)
AS C 7.75
(£0.2)
6.25
Wheat © &0.1)
C 7.75
(x0.1)

Black boxes show respective test results and are a mean of three replicates

BP, AT and AS represent before plowing, after transplantation and after sowing stages; O and C represent organic and conventional practices

Values in parentheses indicate standard error at significant difference (P < 0.05)

4Organic carbon
®Available phosphorous

“Nitrate—nitrogen

In rice field, the TOC before plowing, after transplan-
tation and at 45 DAT was 0.40 (£ 0.10) % and 0.20
(£ 0.10) % under organic and conventional conditions,
respectively. At 60 DAT and 90 DAT, the organically
managed TOC ranged from 0.63 (£ 0.30) %, whereas there
was no change in the organic carbon in conventional
farming. In contrast, TOC in wheat field before plowing
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was 0.40 (£ 0.10) % and 0.63 (% 0.30) % at 45 days and
0.88 (£ 0.20) % at 90 DAS for organically managed soil.
Then, it was 0.40 (£ 0.10) % in conventional soil before
plowing and increased to 0.63 (£ 0.30) % at 45 DAS and
remained the same thereafter (Table 1). All the differences
were significant at P < 0.05.



Agric Res (June 2021) 10(2):193-204

197

The available P content of the rice soil was
7.30 mg kg~' [22.00 (£ 0.90) kg ha™'] before plowing,
and after transplantation, it was significantly increased to
13.00 mg kg~ [39.00 (£ 0.90) kg ha™'] in both practices
and then decreased in the organic soil and remained con-
stant in conventional soil. On the other hand, the available
P content of the organically managed wheat soil at sowing
time was the same with rice soil. At 45 DAS, it was
increased to 13.00 mg kg~ [39.00 (£ 0.90) kg ha™'] and
thereafter remained the same till 90 DAS. Under conven-
tionally managed wheat soil, the initial available P content
was 13.00 mg kg ™' [39.00 (& 0.90) kg ha™']. At 45 DAS
and 60 DAS, it significantly increased up to 21.70 mg kg™
[65.00 (£ 1.10) kg ha'] and thereafter at 90 DAS came
down to 13.00 mgkg ' [39.00 (& 0.90) kgha ']
(Table 1), subsequently.

Soil NN content of the rice before plowing and after
transplantation was near 4.00 (& 1.10) kg ha—"'. No general
trend was observed for subsequent time intervals of 45 and
60 DAT for both the soils. In wheat soil, initially, the NN
was about 4.00 (+ 1.10) kg ha™' for both management
systems. Further, at 45, 60 and 90 DAS, it was 10.00
(& 0.80), 20.00 (£ 1.30) and 10.00 (+ 0.80) kg ha™',
respectively, for organic soil (Table 1). Similar trend was
recorded in conventional soil at all stages of growth. All
the differences observed were significant at P < 0.05.

Total Bacterial and Free-living Diazotrophic Count

Real-Time Quantification of 16S rDNA and nifH genes in
soil revealed that the copy numbers of 16S rDNA and nifH
genes were significantly higher in organic soil over con-
ventional soil for both rice and wheat at all subsequent days
(Fig. 1). In both rice and wheat soil, nifH copy number
increased at all stages (DAT/DAS) and reached a maxi-
mum at 90 DAT/DAS in organic soil at 0-15 cm depth.
Under conventional soil, nifH copy number was almost the
same in all stages (DAT/DAS) at 0-15 cm. Copy number
of both 16S rDNA and nifH was found lower in the soil at
15-30 cm as compared to 0-15 cm depth (Fig. 1). At
15-30 cm depth, 16S rDNA copy number was the same in
both management practices. However, nifH abundance was
higher at 15-30 cm depth for organic soil and also
increased slightly temporally. These defined shifts in
microbial communities with depth would likely to be
governed by contemporary physiochemical factors result-
ing from strong environmental gradients such as surface
nutrient input and abundant TOC [30].

Moreover, lower nifH gene abundance in conventionally
managed soil may be due to the application of synthetic
fertilizer which provides higher levels of mineral N in the
soil, thus suppressing the activity of N-fixing bacteria.
Further, diazotrophic communities are also sensitive to the

pesticides which might be considered as a major factor
contributing to the low nifH copy number [23].

Management Impact on Bacterial Community
Structure

DGGE analysis has shown that the intensity of the bands in
organic soil was comparatively higher suggesting the
increase in abundance of the respective group of bacteria
(Fig. 2). It justifies the increment in bacterial copy numbers
under organic soils due to selective increase of some
dominant bacterial communities. These results of DGGE
were supported by the RT-PCR results, which showed
higher bacterial count in all studied stages in rice under
organic cultivation practices. However, in wheat-cultivated
soil, there was comparatively more difference in the
community fingerprint under both organic and conven-
tional soils. The more number of DNA bands was observed
in organic soil as compared to the conventional soil at all
studied stages of wheat, which indicates higher bacterial
diversity in the earlier (Fig. 2). Therefore, the shift from
the waterlogged condition in rice to comparatively dry soil
in wheat could cause differential changes in soil microbial
community structure. Moreover, this difference could also
arise from the establishment of a wheat plant, which
enriches different bacterial communities through different
root exudates as compared to the rice crop.

Plant Growth Parameters

Studies of plant growth parameters suggest that the organic
practices showed significant and positive response in a
number of vegetative characteristics. Plant shoot length,
root length, dry weight and number of tillers were found
significantly higher for organically grown rice at all sub-
sequent stages (Table 2). However, numbers of spikelet per
panicle were comparatively lower for organically grown
rice (Table 2). Similarly, in the case of wheat, shoot length,
root length and dry weight were found higher, while the
number of tillers and number of spikelets per panicle were
significantly lower for the organic field (Table 2).

The yield of organically and conventionally managed
rice was 4.31 + 1.54 ton per hectare (t ha™') and
4.6 + 1.78tha_1, respectively, with a net increase of
0.29 tha~' in conventional farming practice. Harvest
index (HI) was found to be 0.42 and 0.39, respectively
(Fig. 3). On the other hand, yield in the organically and
conventionally managed wheat was 3.26 & 1.98 t ha™'
and 6.12 + 1.86 t ha™', respectively, with the large dif-
ference of 2.86 t ha™!, and HI was 0.45 and 0.37, respec-
tively (Fig. 3).

Although the comparative yield of rice is higher in
conventional farming, monetary return from 0.29 tons of
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Fig. 1 Dynamics of 16S rDNA and nifH gene copy numbers in soil at
different time intervals under the organic and conventional farming
practices where a 16S rDNA copy number in rice soil, b nifH gene
copy numbers in rice soil, ¢ 16S rDNA copy number in wheat soil and
d nifH gene copy numbers in wheat soil. BP, AT and AS represent

rice grain will be lesser than money invested on the extra
inputs in conventional farming practice. Nevertheless, for
organic wheat cultivation, the significantly low yield was
observed which may be due to noninclusiveness of the
other factors affecting organic agriculture.

Plant Biochemical Properties

The trend of leaf nitrate reductase (NR) activity and leaf
total chlorophyll content was found similar in both rice and
wheat. Both the studied parameters were significantly
higher for conventionally grown rice and wheat in all
subsequent days. Temporally, NR activity was found
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before plowing, after transplantation and after sowing stages, O and C
represent organic and conventional soil from 0-15 and 15-30 cm
depth, and DAT and DAS represent days after transplantation and
days after sowing, respectively

maximum at 45 DAT/DAS in both the crops—rice
(0.57 4+ 0.2 and 0.49 £ 0.1 p mol NO, g~ fr.wt in con-
ventional and organic systems, respectively) and wheat
(3.15 + 0.2 and 1.75 + 0.2 p mol NO, g~' fr.wt in con-
ventional and organic systems, respectively). After
45DAT/DAS, it was then subsequently decreased (Fig. 4).
Total chlorophyll content was found maximum at 60 DAT/

DAS in both the crops—rice (4.90 & 0.1 and
3.85 + 0.2 mg g~ fr.wt in conventional and organic sys-
tems, respectively) and wheat (2.00 £ 0.1 and

1.63 £ 0.2 mg g~ ' fr.wt in conventional and organic sys-
tems, respectively) and thereafter decreased (Fig. 4).
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represent before plowing, after transplantation and after sowing

Discussion

This study suggests that the organic cultivation is sustain-
able and positively affects soil nutrients, soil microbial
community including beneficial nitrogen-fixing bacteria
and also plant growth. It was found that soil OC content
was higher in organic soil in both crops and remained
medium to high at all studied stages (DAT/DAS) (Table 1).
Previous studies have shown that the several years of
contrasting soil management have a minute difference in
soil OC content [18]. In this study, addition of the green
manure in rice and farmyard manure in wheat under
organic practice increases soil OC content. Therefore, these
findings highlight the role of organic management practices
and the type of manure used on the status of soil OC.
Further, the pH was found acidic in organic soil and
alkaline in conventional soil. This showed that green
manure acts as a soil-acidifying agent and decreases the
alkalinity of soil by generating humic and acetic acid [21].
Moreover, P and N content in rice and wheat soil was

(b)

stages, DAT and DAS represent days after transplantation and days
after sowing, and O and C represent organic and conventional soil
from 0-15 and 15-30 cm depth, respectively

found variable in both agricultural practices during the
experiment. Applications of N and P fertilizer in conven-
tional soil and green manure and farmyard manure under
organic regime are responsible for the increase. Previous
results [25] suggested that the soil nitrate N and phosphate
P were significantly higher in organic soil than their con-
ventional counterpart. This inconsistency might be the
result of increased doses of fertilizers used in conventional
soil which will always increase soil P and NN.

During the investigation, a relatively high copy number
of nifH genes in organic soil clearly indicates that the
nitrogen-fixing bacterial communities are increasing in
organic soil. This increase under the organic system is
attributed to the implication of green manure and farmyard
manure as its decomposition creates a nutrient flush, which
influences the distinct heterotrophic microbial assemblage
by significantly increasing soil microbial count and bio-
mass, thereby restoring the microbial communities [28].
Moreover, it has been already reported [3] that biological
nitrogen fixation (BNF) is sufficient to fulfill nitrogen
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Table 2 Comparative effect of organic and conventional management practices on agronomical parameters of the crops under study

Root length (cm)

Plant dry weight
(g plantfl)

No. of tillers
per hill*/
per plant

No. of panicles®/
spike?

Crops Management DAT?/ Shoot length
practices DAS® (cm)
Rice Organic 30 76.25 (+ 0.79)
45 117.24 (£ 4.14)
60 129.64 (£ 4.64)
Conventional 30 71.54 (£ 1.94)
45 108.12 (£ 3.68)
60 120.20 (£ 2.07)
Wheat Organic 30 47.87 (£ 1.25)
45 94.30 (£ 1.76)
60 97.00 (% 2.08)
Conventional 30 50.00 (% 0.93)
45 103.30 (£ 1.20)
60 108.33 (£ 0.88)

17.48 (£ 3.6)

20.35 (£ 1.76)
23.42 (£ 0.86)
16.82 (£ 0.79)
18.11 (£ 1.86)
19.15 (& 2.08)
12.08 (& 0.55)
13.60 (£ 0.30)
14.00 (£ 0.52)
10.43 (£ 0.35)
10.75 (£ 0.38)
11.76 (£ 0.39)

27.24 (£ 6.04)
49.86 (£ 3.10)
65.91 (£ 7.64)
18.87 & 2.43
38.77 £ 2.63
57.36 + 2.97
12.00 + 0.58
24.00 £ 1.53
48.30 & 2.02
7.66 £ 0.33
3270 (£ 1.2)
54.00 (£ 2.31)

10.86 (£ 0.30)
14.40 (£ 0.91)
13.93 (£ 1.72)
9.46 (£ 0.61)
11.60 (£ 1.05)
10.46 (& 0.70)
NO¢#

6.33 £ 033
567 £ 033
NO®

9.33 (& 0.88)
9.00 (& 0.58)

103.40 (& 13.35)

123.20 (& 9.36)

17.70 (£ 0.33)

20.33 (£ 0.33)

Each value is the mean of three replicates

Values in parentheses indicate standard error at significant difference (P < 0.05)

Days after transplantation (for rice)
"Days after sowing (for wheat)
“Observed on crop maturity

9Not observed

@ Organic @ Conventional

Yield ( ton h™')
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Rice
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Harvestindex
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(b)

Fig. 3 Yield (quintal per hectare) (a) and harvest index (b) of rice and wheat under organic and conventional agricultural systems. Each vertical

bar represents standard error of mean

requirements in agricultural land without the involvement
of synthetic fertilizers. Therefore, organic farming has
enough potential to supply N and P in soil besides sec-
ondary and trace elements, usually lacking in conventional
farming systems [1, 24].

Microbial community structure in the soil is affected by
agricultural management, such as crop rotation, tillage,
compost, manure, chemical fertilizers and pesticides [10].
Besides it, vegetation also plays a crucial role by releasing
different carbon sources in the soil, which decides the
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community structure of microorganisms in the soil. In this
study, DGGE and qPCR were used to compare the bacterial
community in both management practices under the com-
bined effects of these factors. Quantification of 16S rDNA
and nifH gene in both rice and wheat soil showed that the
copy numbers of these genes were high in organic soil and
decreased with depth (Fig. 3). In the case of rice, copy
numbers of 16S rDNA at 0-15 cm depth were found
increasing at all DAT for organic soil. However, at
15-30 cm, 16S rDNA copy numbers were drastically
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Fig. 4 Comparative biochemical indicators in rice and wheat at
different time intervals, where a and ¢ represent leaf nitrate reductase
activity in rice and wheat, respectively. Further, b and d represent

reduced from the initial count taken before plowing in both
managements but comparatively found higher in organic
soil at 60 and 90 DAT. Water-logged condition in rice
cultivation could be the reason for this decrease in the total
bacterial count at 15-30 cm. Similar trend was observed in
wheat soil, and bacterial abundance was slightly increased
at 45 DAS and thereafter remained almost constant.

Copy number of nifH genes in rice was found to increase
with time and reached a maximum at 90 DAT in organic
soil at 0-15 cm depth (Fig. 1). Under conventional prac-
tice, temporal dynamics of nifH was following the same
trend as organic but the copy number was comparatively
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2 .
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total leaf chlorophyll content in rice and wheat, respectively. Each
vertical bar represents standard error of mean. DAT and DAS
represent days after transplantation and days after sowing

less than organic soil. Comparatively, in wheat-cultivated
soil, nifH gene copy number was high as compared to rice
in both practices. Nonetheless, in conventional soil, nifH
gene was almost the same at all DAS but in organic it was
profoundly increasing at 45, 60 and 90 DAS at both 0-15
and 15-30 cm depth. This suggests that previously estab-
lished diazotrophs in rice soil were working as
founder/pioneer population for wheat agroecosystem and
further extending their populations under organic condition
[17, 23].

Increased nifH gene abundance was not always related
to the increased NN content in soil for both rice and wheat.
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This indicates that the expression of nifH gene is not
always consistent with the copy number of nifH in soil, but
changes according to the plant nitrogen requirement and
growth stages. Further, NR activity and soil NN were found
maximum in 45 DAS/DAT, suggesting that the dia-
zotrophic community was most functional at 45 DAS/
DAT. High levels of chemical fertilizers in conventional
practice maintain soil NN level as sufficient and also high
to suppress the growth of diazotrophs, thus contributing to
comparatively low nifH abundance.

DGGE pattern in organic and conventional rice soil
suggested that there is a slight difference in bacterial
community structure with high band intensities in organic
soil. Increase in the abundance of single bacterial genera or
species, attributing single band in DGGE profile, is justified
for the increased intensity of bands. Thus, organic agri-
culture favored some bacterial groups over others in rice
soil, which leads to an increase in overall bacterial count as
also evident by increased 16S rDNA copy number in
organic soil. On the other hand, the DGGE pattern of wheat
showed the comparatively high bacterial diversity in
organic soil. High OC in organic farming could be the
reason for this rich bacterial diversity, which favors the
growth of specific microbial guilds which have the capacity
to degrade complex organic compounds such as manure
and compost [12, 20]. Further, it is evident from the DGGE
analysis that bacterial community structure is not the same
in rice and wheat under organic practices. Therefore, plant
species, type of manure, seasonal variation and duration of
organic practice are the major factors affecting the bacte-
rial community structure in the soil. From these findings, it
can be concluded that the organic agricultural practices are
positively increasing soil microbial flora which in turns
benefits plant health, and also, the crop rotation has an
influential role in establishing soil microbial structure.

The average organic-to-conventional-yield ratio in this
study was 0.93 and 0.53 for rice and wheat, respectively.
However, in a global meta-analysis of comparative man-
agement, this ratio was found o be 0.75 [29]. Rice yield in
organic farming was at par with conventional farming with
0.29 t ha~' extra productions in conventional practice.
Thus, it can be concluded that organic farming is proved to
be sustainable for rice cultivation. These findings were in
accordance with earlier studies [19], which showed that
lower productivity of organic rice was balanced out by
lower variable production costs, thus making rice produc-
tion system considerably more profitable, healthy and
sustainable under the organic regime. Furthermore, a large
difference in wheat yield was observed with 2.86 t ha™'
more productions under conventional practice.

These results were consistent with the global study [29],
which documented the yield difference under different
management systems and revealed that organic yields are

@ Springer

typically lower than conventional yields. However, these
differences were highly contextual and depend on the site
of farming practices and management systems. Organic
farming with poor pest management would enhance soil
nutrient status and restore soil fertility but this will reduce
yield severely in comparison with conventional farming
where chemical pesticides are used for pest management.
Moreover, many comparative studies suggest that under
good management conditions yield from organic agricul-
ture meets the conventional practice [29]. Therefore, all the
major aspects affecting soil fertility, plant health and inputs
like plant varieties, type of manure, N/P biofertilizers and
pest management should be considered with technical
skills for better yield in organic agriculture.

Contrary to plant growth parameters, the HI was found
to be increased in both rice (0.42 4 0.1) and (0.45 £ 0.1)
wheat under organic practices than that of conventional
farming (0.39 &+ 0.1 and 0.37 £ 0.2, respectively). This
increase signifies that the photosynthates are partitioned
well to the grains, which suggest that under organic con-
ditions these genotypes are having a better source to sink
conversion which proved to be an economical affair.

Total leaf chlorophyll and NR activities were observed
higher under conventional farming in all stages of rice and
wheat (Fig. 4). Chlorophyll which is a nitrogen-containing
compound is positively correlated with available nitrogen
content in soil and supposed to be low under nitrogen
stress. NR is an inducible enzyme and is positively corre-
lated with nitrogen input in soil [17]. Thus, higher NR
activity in conventional soil is the result of the application
of synthetic nitrogen fertilizers. On the other hand, NR
activity was comparatively less under organic farming
because nitrogen is provided by diazotrophs and applied
manure which releases nitrogen slowly which is sufficient
for plant requirements. However, over-fertilization in
conventional agriculture causes imbalance of nutritional
elements in plants and also reduces resistance to insect
pests [14]. Therefore, this study established the relationship
between soil-available nitrogen and NR activity in the crop
under conventional and organic management systems.

Lastly, the comparative results of both conventional and
organic management practices under rice-wheat cropping
systems are setting an example for promoting new sus-
tainable and environmentally friendly alternatives. It is
worthy to mention that in previous studies, organic agri-
culture had emerged as one such alternative but this prac-
tice is criticized by the advocates of conventional
agriculture for its low yield. However, a global study [3]
concluded that organic methods are sufficient to produce
enough food without increasing the agricultural land to
sustain the current and even larger human population.
Thereafter, continuous efforts are made to study the com-
parative effect of organic and conventional management
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practices. In this continuation, the present study was aimed
to analyze comparative conventional and organic agricul-
tural practice with major emphasis on soil health, microbial
community structure and plant growth during the initial
first year of successive rice and wheat cultivation.

Conclusion

In conclusion, organic farming practices were significantly
enhancing soil health and associated microbial communi-
ties including diazotrophs. Moreover, a positive effect of
organic management system has also been observed on the
crop productivity. The soil phosphate availability and
nitrogen content were most determining factor among both
the farming systems. Furthermore, diazotrophic population
was found most sensitive toward different management
practices with better adaptation in organic farming during
the first year of study, which will help in reclaiming long-
term soil fertility in upcoming years. Conclusively, it is
evident that organic management system is both sustain-
able and economical and must be adopted for long-term
benefits.
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