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Abstract:   The present   investigation   is   an   account   of    soil    quality    parameters    and   wheat
(Triticum aestivum HD-2285) yield as influenced by insitu incorporation of paddy straw and its subsequent
inoculation with two cellulolytic and one lignolytic fungi. Such information may prove useful to farmers as it
may provide them with an option to use the undesired crop waste as partial replacements for synthetic
fertilizers. The insitu incorporation of paddy  straw  amended  with N   P   resulted  in  dehydrogenase,60 60

alkaline phosphatase, cellulase, cellobiase and urease activity, statistically at par with N P  fertilized or fungal120 60

inoculated paddy straw treatments. The N P  treatment also showed  highest  soil  microbial  biomass.60 60

However, the chemical properties (organic carbon, nitrogen, available phosphorus and humus content) of wheat
soil were highest in paddy straw + N P  + Aspergillus awamori + Trichoderma reesei + Phanerochaete60 60

chrysosporium fertilized soil closely followed by paddy straw + N P treatment. Higher wheat yield in this60 60

treatment, compared to recommended dose of chemical fertilizers made the use of natural resources a profitable
option.
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INTRODUCTION under      natural      farming      conditions.     Therefore,

The   yield  stagnation,  consequent upon the residue in soil, before growing wheat crop was explored.
declining   soil   organic   carbon,  is   a   major  challenge Whether this attempt will help to manage rice residue
to the agriculturists. There is utter need to replenish soil effectively and efficiently for enhanced sequestration of
by returning its lost share of organic matter, recognized as carbon and maintaining the sustainability of production
a serious threat to sustainability. Total amount of crop or not, needs to be investigated. The major disadvantages
residue produced in India is estimated at 350 x 10 kg yr , associated with paddy straw incorporation include the6 1

of which wheat residue constitutes about 27 % and that immobilization of inorganic N due to its high C: N ratio
of rice about 51 % [1]. Management of this voluminous and its slow degradation due to the presence of lignin
rice  straw  is  a major  challenge,  as   it   is   considered bound cellulose. Therefore, N at low rate as starter dose
to be a poor feed for the animals due to its high silica along with straw incorporation may overcome the former
content [2]. The farmers generally get rid of this waste by problem and has been reported to improve the yield of
burning it in the field it self. The burning results in huge wheat compared to burning [3]. The inoculation of paddy
losses of N (up to 80 %), P   (25   %),   K   (21   %)   and S straw with potential cellulolytic and lignolytic fungi may
 (4-60 %), air pollution (@ CO 13 t ha , thereby depriving help to overcome the second shortfall. The main2

1

the soils of its organic matter [3]. A rice-wheat sequence objectives of the present investigation included (i)
that yields 7 t ha  of rice and 4 t ha  of wheat removes comparative evaluation of biochemical parameters as1 1

more  than N 300, P 30 and K 300 kg ha  from the soil. affected by amended paddy straw incorporation and1

Therefore, there is need to explore some eco-friendly,  low recommended dose of chemical fertilizers (ii) to compare
cost, easily adoptable residue management strategies that the efficiency of three different ligno-cellulolytic fungi to
can replenish the soil of its nutrients. Though, the paddy degrade paddy straw and the subsequent effect on soil
straw compost under wheat crop has been found to properties  (iii)  to  evaluate  the  feasibility  of  using
improve the crop  yield  as  well  as  soil  properties  [4], paddy straw for economically profitable and sustainable
but our present effort was to investigate rather a more wheat production under farmer’s conditions in tropical
simple technology that can be easily adopted by farmers soils of India. 

the  possibility  of   insitu   incorporation   of  paddy
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MATERIALS AND METHODS Experimental Design: Before laying out the experiment,

Preparation of Inoculum: The two cellulolytic and one field was divided into 20 subplots each measuring 2.5 x
lignolytic fungal culture used to degrade paddy straw 3.25 m having 5 different treatments arranged in
included Aspergillus awamori (F 18), Trichoderma reesei randomized block design. The treatments included (T1)-
(MTCC 164) and Phanerochaete chrysosporium (MTCC recommended dose of fertilizers [N P ] (T2)- Paddy
787). All cultures were obtained from different sources straw (P.S) at 3t ha  + N P  (T3)- P.S+N P
listed in Table 1. These cultures were evaluated for filter +Aspergillus awamori +Phanerochaete chrysosporium
paper, carboxymethyl cellulase, cellobiase and xylanase (T4)- P.S +N P  + Trichoderma reesei + Phanerochaete
activity following the method of Wood and Bhat [5]. chrysosporium (T5)- P.S + N P  + Trichoderma reesei +
These test cultures were maintained on Potato Dextrose Phanerochaete chrysosporium + A. awamori. Paddy
Agar slants. A spore suspension was prepared by straw at 3 t ha  was incorporated in soil, 15 days prior to
inoculating a loopful culture of each strain separately in sowing as per treatment schedule and allowed to
to 500 ml sterilized broth of 2% malt extract. The flasks decompose. The fungal inoculum was added at the rate of
were incubated at 30°C for 10 days under stationary 500 g fresh culture biomass t  substrate. In treatment T5
conditions. All the three cultures were homogenized equal quantity of homogenized fungal inoculum
separately in a blender before their application to degrade consisting of all the three fungi was mixed and applied.
paddy straw. Each treatment was replicated four times. The mineral

Description of Experimental Site: The field experiment applied to provide nitrogen and phosphorus as per dose
was conducted on a moderately alkaline and Typic given in treatment schedule. After 15 days of paddy straw
haplustepts soil at the Experimental Farm of Indian decomposition, the soil was leveled manually and the
Agricultural Research Institute (IARI), New Delhi, India. seeds of wheat var. HD-2285 were sown at 80 Kg ha .
The alluvial soil of experimental site was sandy loam in The plots were irrigated as and when required. All the
texture. Climatic conditions at this site are characterized traditional and recommended agronomic practices were
by long summer and short cold winter. The mean maximum maintained throughout the duration of experiment.
and minimum temperature recorded from November to
March (wheat season) were as 20°C and 5°C. Paddy straw Soil Sampling: Soil samples were taken manually at 0-15
used as an organic amendment was obtained after the cm depth, four times during the experiment at 30, 60, 90
crop harvest from Agronomy Division, IARI and chopped and 120 days after sowing, to assess the effects of insitu
to a size of 5- 10 cm. The elemental analysis of soil and incorporation of paddy straw on different soil parameters.
paddy straw incorporated in field are given in Table 2. Three sub samples taken  from  different  locations  of the

the field soil at the experimental site was irrigated. The

120 60
1

60 60 60 60

60 60

60 60

1

1

fertilization consisting of urea and super phosphate were

1

Table 1: Cellulolytic and lignolytic activity (IU g ) of fungi used as inoculum in field study1

Fungal isolates Strain no. Origin FPAse CMCase Cellobiase Xylanase

Aspergillus awamori F18 Microbiology Div. IARI, New Delhi 6.01 5.12 0.85 2.16
Trichoderma ressei MTCC 164 Institute of Microbial Technology Chandigarh 2.61 31.92 3.88 19.14
Phanerochaete chrysosporium MTCC 787 Institute of Microbial Technology Chandigarh 7.51 22.66 3.42 18.56

Filterpaper activity, CMCase- carboxymethyl cellulase activity

Table 2: Characteristics of paddy straw and soil used for growing wheat

Parameters Paddy straw Soil

pH 7.2 8.5
EC (ds m ) 3.58 0.641

TOC (%) 44.82 0.48
Nitrogen (%) 0.49 0.048
C/N ratio 91.5:1 10:1
Available Phosphorus (ppm) 0.10 22.0
Microbial biomass (µg g soil) - 165.481

Humus (%) - 0.5

EC-Electrical conductivity, TOC- Total organic carbon
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same plot were mixed together to make the composite RESULTS AND DISCUSSION
sample. Moist samples were stored in refrigerator, for
enzyme assay and microbial biomass. A portion of soil A.   awamori   and   T.   reesei    used    in    the
sample drawn at harvest was oven dried and ground to present   investigation   are   cellulolytic   fungi  whereas
pass  through  2  mm  sieve.  These  soil  samples were P. chrysosporium is a lignolytic fungus. Table 1
examined for changes in chemical properties of soil in represents the quantitative assay of cellulase, cellobiase
response to organic and inorganic fertilization. and xylanase produced by three test fungi. Based on their

Analysis   of Soil:    Soil    pH    was    measured    in a inoculant to degrade lignin bound cellulose in paddy
1:2.5  soil:   water   extract   after   shaking   for   30   min. straw. Aspergillus awamori (F18), though produced a low
The organic carbon was analyzed by dichromate oxidation amount of carboxymethyl cellulase, cellobiase and
method and subsequent titration with ferrous ammonium xylanase as compared to other two strains, but showed
sulphate [6]. The carbon dioxide mineralization of soil was higher quantity of FPase activity and being a potential
estimated by measuring carbon dioxide evolution over a phosphate solubilizer [16] was also included in the study.
period  of  120  days  after  crop  sowing  [7].  However, The selected physico-chemical properties of soil on
the   total   nitrogen   and   available   P    were   estimated which the farm experiment was conducted (Table 2)
by   Kjeldahl’s   method   and   Olsen   method showed that the soil was moderately alkaline (pH 8.5) and
respectively at maturity [8, 9]. The humus content in the low in  total   organic   carbon   and   nitrogen   content.
wheat soil samples was estimated using sodium The relatively poor soil organic carbon and nitrogen
pyrophosphate as an extractant [10]. The levels of content  of  field  soil  may  be  attributed  to persistent
different  enzymatic  activities  viz.  dehydrogenase, use of chemical fertilization   and   intensive  tillage
alkaline phosphatase, cellulase,   cellobiase, xylanase practice. Olsen extractable P was  low  in  the  research
and urease were measured at monthly intervals using field  soil. The low soil available P may presumably be
standard procedure [11-13]. The microbial biomass was attributed to high P fixing capacity of soil as calcium
determined using fumigation extraction method [14]. The phosphate.
straw and grain yield of wheat was also recorded after The     different     treatments    (T1-T5)    did   not
crop harvest. show much variation in dehydrogenase activity of soil

Statistical   Analysis:   All   the   data   were  subjected to barring T3  that  recorded   the   highest   activity of
an  analysis   of   variance   using least significant 76.38  µg  TPF g   d   (Fig 1).  The dehydrogense
difference test and comparing the difference between activity   showed   a   marginal   decline    in    its    values
specific treatments [15]. at   60   days   interval   in    T1,    T3    and    T4   treatment.

enzyme activity, they were selected to be used as

samples drawn  after  one  month   of   crop   growth,

1 1

Fig. 1: Dehydrogenase activity as affected by different amendments
T1- N120P60, T2- Paddy straw (P.S) at 3t ha  + N60P60, 1

T3- P.S+N60P60+Aspergillus awamori +Phanerochaete chrysosporium, T4- P.S+N60P60 + Trichoderma reesei +
Phanerochaete chrysosporium, T5- P.S+N60P60 + Trichoderma reesei + Phanerochaete chrysosporium +A. awamori.
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Fig. 2: Effect of different fertilization on alkaline phosphatase activity 
PNP-p nitrophenol, T1- N120P60, T2- Paddy straw (P.S) at 3t ha  + N60P60, 1

T3- P.S+ N60P60 + Aspergillus awamori + Phanerochaete chrysosporium, T4- P.S+N60P60 + Trichoderma reesei
+ Phanerochaete chrysosporium, T5- P.S+N60P60 + Trichoderma reesei + Phanerochaete chrysosporium +A.
awamori.

A decrease in dehydrogenase activity at 60 days interval resulted in highest phosphatase values. However, T1, T2
may be associated to low microbial count related to poor and T5 treatments were statistically at par with each other.
availability of substrate to sustain microbial biomass. Both T3 and T4 treatment showed much lower values as
Moreover, the microbial flora at this stage of crop growth compared to their other counter parts. Highest
appeared to be less active as indicated by the poor phosphatase activity at 90 days of crop growth may be
reduction of triphenyl tetrazolium chloride. Another factor due to high quantity of microbial biomass produced due
responsible for low dehydrogenase activity may be the to decomposition of paddy straw by autochthonous
temperature variations during crop growth, in agreement microorganisms as well as by the added fungi.
with the findings of Ross et al. [17] who reported low Phosphatase activity increases when there is equilibrated
dehydrogenase activity in soil during winter compared to balance between added carbon and nitrogen [19]. A
warmer season. However, the activity increased decline in the phosphatase activity towards crop maturity
substantially at 90 days and 120 days of crop growth. may be contributed to relatively high rate of organic
Highest activity was recorded in T2 treatment, closely matter decomposition and decrease in available organic
followed by T5 treatment. The higher dehydrogenase matter content of paddy straw in the fourth month. This
activity may be associated with high microbial  growth might have caused a decrease in microbiological biomass
due to decomposition of paddy straw with the passing and changes in composition of soil micro flora [20].
time, resulting in availability of substrate. With the Cellulase   and   cellobiase   assay   showed an
improvement in organic matter content of soil, microbial exactly similar trend as was observed for phosphatase
community is also known to improve. Higher microbial (Fig. 3 and 4). The entire paddy straw amended treatments
population has been reported in soil amended with paddy showed slight decline in second month sampling,
straw having desirable C: N ratio of about 50:1 [18]. Higher followed by an improvement in the third month. As paddy
values of dehydrogenase activity towards crop maturity straw is difficult to degrade, initially easily available
were contrary to our previous findings [2] where a decline substrates were used for microbial multiplication. All
in dehydrogenase activity in soil amended with paddy these enzymatic activities are related to microbial biomass
straw was recorded with the crop growth.

Alkaline phosphatase activity showed an increasing
trend up to three months of crop growth followed by a
decline in 4  month sampling (Fig. 2). Soil receiving paddyth

straw and mixed fungal inoculum of all the three fungi (T5)

and are triggered when there is carbon starvation [2].
Residue characteristics and soil and crop management
factors also affect residue decomposition. Under optimum
temperature and moisture conditions, N immobilization
can  last   4-6  weeks  and  so  is  the  effect  on  microbial
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Fig. 3: Cellulase activity as affected by different fertilization
T1- N120P60, T2- Paddy straw (P.S) at 3t ha  + N60P60, 1

T3- P.S + N60P60 + Aspergillus awamori +Phanerochaete chrysosporium, T4- P.S + N60P60 + Trichoderma
reesei + Phanerochaete chrysosporium, T5- P.S + N60P60 + Trichoderma reesei + Phanerochaete
chrysosporium +A. awamori. FPU- filter paper activity in units

Fig. 4: Cellobiase activity as affected by different organic and inorganic amendments
T1- N120P60, T2- Paddy straw (P.S) at 3t ha  + N60P60, 1

T3- P.S+N60P60+Aspergillus awamori +Phanerochaete chrysosporium, T4- P.S+N60P60 + Trichoderma reesei
+ Phanerochaete chrysosporium, T5- P.S+N60P60 + Trichoderma reesei + Phanerochaete chrysosporium +A.
awamori.

activity. A decrease in second month followed by a treatment but at par with T1 and T2 treatment. A
substantial increase in 3  month sampling and again a substantial increase in its values was recorded at maturity.rd

drastic decrease at maturity was recorded. Xylanase Total high urease activity in soil amended with inorganic
activity showed an increasing trend up to 2  month and organic fertilization may be due to greater quantity ofnd

sampling followed by a decline. T1, T2 and T5 treatments available nitrogenous compounds. This activity was
were at par with each other. However, T4 soil showed the almost same up to three months and values varied little
highest activity (Fig. 5). among sampling dates. The values in this study and the

Urease activity was found to be highest in T5 trend were in agreement with the findings of Bolten et al.
treatment that was statistically significant over T3 and T4 [21].   Rate  of  organic matter  mineralization  also  affects
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Fig. 5: Xylanase activity as affected by different amendments
T1- N120P60, T2- Paddy straw (P.S) at 3t ha  + N60P60, 1

T3- P.S+N60P60+Aspergillus awamori +Phanerochaete chrysosporium, T4- P.S+N60P60 + Trichoderma reesei
+ Phanerochaete  chrysosporium,  T5-  P.S+N60P60  +  Trichoderma  reesei + Phanerochaete chrysosporium
+A. awamori.

Fig. 6: Urease activity in response to inorganic and organic fertilization 

the urease activity. The persistence of total urease in soil having desirable C/N ratio of 52:1 [18]. Different exudates,
amended with nitrogen at half its recommended dose and organic components and composition of crop residue may
rice straw was significantly greater than the other also influence the microbial activity. The results were in
treatments (Fig.6). agreement with the findings of Mandal et al. [3] who

Microbial  biomass  recorded  a decrease in the reported more microbial activity due to residue
second month sampling followed by an increase in the incorporation than due to residue removal by burning. A
third month soil samples and again a substantial decrease drastic decrease in microbial biomass may be attributed to
in the soil samples analyzed at 120 days of crop growth. low availability of substrate at crop maturity. Carbon
Microbial biomass was highest in T2 treatment, dioxide evolution was also highest in T2 soil related to
statistically significant over all other treatments. A high microbial activity (Table 4).
correlation between dehydrogenase activity and microbial pH is one of the most important factors determining
biomass was quite evident from the data recorded for both soil fertility and gets strongly influenced by crop residue
these  parameters.  Microbial population has been management. Paddy straw incorporated treatments
reported to increase in soil amended with rice straw showed  slight   increase  in   their   values   when  organic
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Table 3: Microbial biomass (µg g  soil) as affected by different organic amendments1

Sampling interval (DAS)

-----------------------------------------------------------------------------------------------------------------------------------------------

Treatments 30 60 90 120

Control (N120P60) 172.86 196.30 303.24 125.07

P.S+N60P60 268.44 237.46 449.56 143.09

P.S+N60P60+A.aw+ P.c 300.88 299.70 412.92 141.89

P.S+N60P60+T.r + P.c 274.04 207.24 377.58 135.58

P.S+N60P60+A.aw+ +T.r+ P.c 286.41 184.65 271.09 127.01

P=0.05 % 23.41 19.36 38.02 15.69

P.S- paddy straw at 3 t ha , DAS-Days after sowing, A.aw—Aspergillus awamori, T. reesei, P.c- Phanerochaete chrysosporium1

Table 4: Effect of insitu incorporation of paddy straw on carbon dioxide (mg g ) evolution1

Sampling interval

--------------------------------------------------------------------------------------------------------------------------------------------

Treatments 30 DAS 60 DAS 90DAS 120DAS

Control (N120P60) 17.60 11.93 5.20 3.21

P.S+N60P60 19.36 24.93 10.26 5.86

P.S+N60P60+A.aw+ Pc 21.41 19.94 11.73 3.52

P.S+N60P60+T.r + Pc 28.74 16.42 10.26 5.57

P.S+N60P60+A.aw+ +T.r+ Pc 30.56 15.84 10.26 4.10

P = 0.05 % 2.36 2.57 0.36 0.21

P.S paddy starw @ 3 t ha , DAS-Days after sowing, A.aw—Aspergillus awamori, T. reesei, Pc- Phanerochaete chrysosporium1

Table 5: Soil chemical properties and yield as affected by different fertilization

Treatments pH Carbon (%) N(%) Av P(ppm) Humus (%) Straw yield (tha ) Grain Yield (t ha )1 1

Control (N120P60) 8.51 0.46 0.080 24.96 0.63 8.03 3.23

P.S+N60P60 8.55 0.48 0.115 29.38 1.03 8.66 3.19

P.S+N60P60+A.aw+ Pc 8.65 0.50 0.106 32.73 0.83 8.00 3.27

P.S+N60P60+T.r + Pc 8.67 0.51 0.118 28.61 0.83 7.52 3.07

P.S+N60P60+A.aw+ +T.r+ Pc 8.66 0.51 0.121 37.61 1.03 8.66 3.31

P = 0.05% 0.36 0.02 0.021 2.31 0.20 0.42 0.31

Av P- Available phosphorus, A.aw—Aspergillus awamori, T. reesei, Pc- Phanerochaete chrysosporium

residues are returned to the soil. Increase in soil pH due half the recommended dose of chemical nitrogen and
to decarboxylation of organic anions on decomposition mixed fungal inoculum of all the three cultures. Higher
by microorganisms has been reported. The chemical urease activity improved the nitrogen content of soil. The
analysis of wheat soil showed an improvement in carbon, nitrogen input as starter dose could cause a priming effect
nitrogen, available P and humus content (Table 5). Total of soil organic matter thereby releasing soluble carbon
organic carbon content exhibited an overall increase of and nitrogen that served as nutrient source to soil
10.86 % in T4 and T5 treatment with in one cycle of crop microbial biomass, thus increasing soil enzyme activities
growth over its T1 counter part receiving chemical and carbon dioxide production. Improved rate of nitrogen
fertilization. Declining nutrients in the soil affect the mineralization in rice soil amended with rice straw
sequestration of carbon in the soil and lead to decline in application has also been reported by Takahashi et al.
soil fertility. But an increase in total C and N in the soil [23]. Humus content of soil of T5 treatment also showed
and microbial biomass after rice straw incorporation under improvement of 61.66 % compared to T1 treatment.
aerobic conditions has also been reported by Azmal et al. The wheat yield also exhibited an increase of 2.5 %
[22]. Similarly an increase of 51.25 % was recorded in with in one year of paddy straw + N60P60 + mixed fungal
nitrogen content of T5 treatment receiving paddy straw + inoculum application. Though, the increase in yield
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cannot be considered significant but it definitely 4. Gaind,    S.   and      L.      Nain,    2010.   Exploration
protected the soil from ill effects of higher dose of
chemical fertilization and the technology was quite
economical. Incorporation of rice straw into the soil after
its harvest has been reported to slow down the
decomposition due to nitrogen immobilization, thereby
reducing the N uptake and yield of subsequent wheat
crops by about 40 % [24, 25], but our results were
contrary to these findings as no such decrease in wheat
yield was recorded in this investigation. It may be due to
application of starter dose of nitrogen that reduced the
high C: N ratio of paddy straw.

CONCLUSIONS

Loss  of  soil  organic  matter  content  due to
intensive cropping system can be reverted by insitu
incorporation of paddy straw. Starter dose of nitrogen
could reduce the nitrogen immobilization in the early
stages of paddy straw decomposition. Inoculation of
paddy straw with cellulolytic and lignolytic fungi ensured
the better performance of native and added
microorganisms as indicated by tested chemical
parameters (C, N and humus content) of soil under wheat
crop. The yield improvement was also recorded in T5
treatment. This residue management technology may
prove effective in protecting the soil from further
impoverishment and reverse the trend of yield stagnation
due to persistent use of chemical fertilizers. It can provide
the farmer with an option of low cost, eco friendly
technology for effective utilization of their farm waste.
However, further investigation with more field trials need
to be conducted.
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