
Vol.:(0123456789)1 3

International Journal of Recycling of Organic Waste in Agriculture (2019) 8:73–85 
https://doi.org/10.1007/s40093-018-0230-x

ORIGINAL RESEARCH

Soil nutrients, microbial biomass, and crop response to organic 
amendments in rice cropping system in the Shiwaliks of Indian 
Himalayas

Richa Rajput1 · Priya Pokhriya1 · Pooja Panwar1 · A. Arunachalam2 · Kusum Arunachalam1 

Received: 1 May 2018 / Accepted: 1 November 2018 / Published online: 11 November 2018 
© The Author(s) 2018

Abstract
Purpose Intensive agriculture activities in small holder farming systems are declining over all soil nutrient status. The pre-
sent study is conducted to compare the soil health and plant growth attributes under rice cultivation among different organic 
amendments. Recycled waste of rice–wheat agrosystem is utilized to determine optimal sustainable solution for hilly areas.
Methods Randomly blocked design experiment was conducted with rice plants, each amended with organic inputs including 
rice straw residue (T1), rice biochar (T2), rice compost (T3), wheat straw residue (T4), wheat biochar (T5), wheat compost 
(T6), mix of wheat + rice compost (T7), green manure (T8) and control (no amendment). Soil samples were studied at each 
growth phase while plant growth attributes were measured at the harvesting stage of the crop.
Results T6 and T7 have shown significantly higher magnitude of soil organic carbon, microbial biomass carbon, microbial 
quotient, available nitrogen, and enzymatic activities (dehydrogenase, alkaline phosphatase and urease) than biochar (T2 and 
T5) and crop residue amendments (T1, T4 and T8). An increase of up to 47% was obtained in cumulative growth attributes 
(plant height, total biomass, and a number of tillers, spikes, and spike length) of rice plant in T6 amendment. The principal 
component analysis revealed two components responsible for 54.17% of the variance in the organically treated soil.
Conclusion The experimental results imply that composting of crop residues could be the most reliable practice to improve 
soil nutritional quality as well as crop growth for sustainable rice–wheat cropping system in the hilly area.
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Introduction

Sustainable agriculture envisages efficient utilization of agri-
cultural waste in a way that it does not deplete the existing 
nutritious entities of the soil and replenish it in the long 
run. The overuse of chemical fertilizers and gapless recur-
ring farming activities reportedly deteriorates soil (Komat-
suzaki and Ohta 2007). For instance, nutrition cycle of the 
soil gets impaired due to the presence of readily available 
nutrients in the form of fertilizers which hampers the natural 
unidirectional flow of immobilisation and mineralization of 
natural elements of the soil which in turn affects the growth 
of the living components of the soil, i.e., microorganisms 
(Heilmann et al. 1995; Kuzyakov et al. 2000; Harris and 
Roach 2018). This has led to the eco-friendly option of 
organic farming that fulfills the requirement of both sus-
tainable agriculture and conservation agriculture, where the 
output of one activity transforms into the input for other. 
Various innovative approaches have been investigated for 
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the suitability of organic wastes as soil fertility enhancer. 
Pampuro et al. (2017) studied the potential of pig slurry 
solid fraction pellets as fertilizer in maize crop whereas 
Joardar and Rahman (2018) utilized poultry feather waste as 
compost to analyze its effect on the vegetable test crop Ipo-
moea aquatica. The availability of surplus agriculture waste 
from rice–wheat agro-ecosystem makes it a suitable poten-
tial model for sustainable agriculture. Both rice and wheat 
cropping systems demand labor-intensive farming practices, 
where a required level of nutrition has to be maintained in 
the soil for the crop productivity. Due to small land holdings 
of farmers from hilly states, agriculture intensification is car-
ried out by open burning of crop residues for field clearing 
and supplementation with inorganic fertilizers to meet the 
nutritional demands of the soil which have its environmen-
tal consequences such as polluted run offs, soil erosion and 
release of harmful gases. Reuse of organic waste through 
composting is promoted as a primary measure to mitigate 
such environmental threats by developed nations (Pampuro 
et al. 2016). The government of India has also resolved to 
promote these states to adopt more environmentally friendly 
approach through organic farming where organic wastes 
such as crop residue, composted residues, and biochar could 
become means for enhancing soil quality as well as crop 
productivity. Himalayan areas have always been embraced as 
horticulture belts because of the presence of optimum micro-
climatic conditions for the same (Partap 2011). But due to 
ever increasing demand for global food production measures 
are being taken to promote more cereal farming activities in 
these areas. Most successful stories of organic farming have 
been known in the field of vegetables and fruit crops, but 
the very limited emphasis has been laid on developing these 
small land holdings into intense cereal cropping systems. 
The same can be achieved by organic farming due to its 
default presence in the area and willingness of small farmers 
to adapt because of less production cost. Organic farming, 
although it has been a traditional practice in the hills, is a 
way forward to maintain the health and fertility of the soil.

Various previous studies have reported that diverse 
organic farming practices applied in cereal crops have 
resulted in improved soil condition and enhanced crop yield 
particularly in hilly terrains (Roy et al. 2010; Kumar Choud-
hary and Suri 2014; Paudel et al. 2014; Pampuro et al. 2017). 
Even different organic forms of compost impart distinct soil 
quality characteristics based on either particle size or com-
posting methods adopted, such as reported by authors in 
compost prepared from pig slurry incorporated with saw 
dust, wood chips, and wheat straw (Romano et al. 2014; 
Pampuro et al. 2016). Crop residue retention along with con-
ventional tillage proved to be a promising option to reduce 
nutrient loss in the study of Murphy et al. (2016) in small 
holder maize system. A study in the lines with similar objec-
tive of the present investigation compared dairy manure with 

hardwood biochar and outlined contrasting results on micro-
bial communities and enzyme activities of the soil (Elzobair 
et al. 2016). Nonetheless, some authors have also reported 
negative results of the application of organic amendments 
into the soil (Elliott et al. 1978; Putnam 1994). Global cli-
mate change is affecting the Himalayan ecosystem the most, 
causing monsoon deficiency, desertification, and soil deg-
radation in hilly farmlands, hence leading to stagnant crop 
growth. Therefore, it is imperative to study overall soil qual-
ity parameters corresponding to each organic amendment 
before zeroing upon effective nutrient management practice 
for a specific cropping system under stress conditions. Sev-
eral authors have studied changes in microbial composition, 
enzymatic activities, and soil respiration as a parameter to 
determine the biological state of the soil (Chang et al. 2014; 
Zhen et al. 2014; Yu et al. 2016). Based on the exclusive 
nutritional requirements of both the rice and wheat crop-
ping systems, each and every known organic amendment 
input must be studied and analyzed before its application 
into the fields, as every terrain and agriculture farm is dif-
ferent in terms of its distinct abiotic and biotic factors. In the 
present study, various indigenously known organic inputs 
from preceding crop and current crop have been applied to 
the soil under rice cultivation system to understand the com-
parative advantages it confers to the soil. The amended soils 
are tested on the criteria of physicochemical and biological 
parameters to determine the best suited organic amendment 
for the soil that manifests enhanced crop productivity.

Materials and methods

Study site and experimental setup

The experiment was conducted at Doon University farm, 
Dehradun, India (30.2672°N, 78.0465°E) located at an ele-
vation of 637 m asl, with an annual rainfall of 2070 mm, and 
average maximum and minimum temperature is 30.4 and 
16.7 °C, respectively. Across the years, July and August are 
the wettest months.

Bulk soil from the rice–wheat system was brought from 
the field for utility in the pot experiments. The soils were 
sandy loam with a bulk density of 1.4 Mg m−3, slight alka-
line with the electrical conductivity of 1.6 dS m−1 and rich 
in soil organic carbon (SOC), available P and K, and low in 
available N (Table 1).

For the present experiment, organic inputs chosen were 
mainly applied in three forms, i.e., leftover crop residue, 
compost, and biochar. The experiment was conducted in 
pots of 30 × 31 cm, filled with nearly 25 kg of field moist 
soil, collected from top 0–30 cm soil layer and kept under 
ambient conditions. Total nine treatments including control 
pot (no amendment) were used in triplicates. Organic inputs 
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were incorporated at a rate of 2.5 t ha−1 into the soil, only 
once before sowing the rice crop. No other form of fertilizer 
was applied to the experimental pots to provide any addi-
tional nutrient. After 15 days of preparation of pots, 21-day-
old rice seedlings were planted in July 2016, which were 
thinned to five plants in a pot. Pots were watered whenever 
required and were maintained weed free manually. Triplicate 
soil samples, from each experimental pot, were collected 
from a depth of 0–10 cm at four different stages of crop 
growth from July (sowing) till Oct 2016 (harvesting). The 
soil samples were air dried, crushed, and sieved through a 
2 mm mesh and packed in sealed plastic bags. Soil samples 
were kept at 4 °C for further analysis. Plant growth param-
eters were studied after 16 weeks of fertilization treatments. 

The destructive sampling method was followed to estimate 
total plant height, number of tillers and spike length. The 
collected samples were oven dried at 80 °C for 48 h to meas-
ure dry weight.

Crop residues of wheat, rice and, green manure were 
mixed up to 5 cm depth in the soil after cutting it into pieces 
of approximately 1 cm. Compost was prepared aerobically 
in a composter with holes for the aeration. Straws of rice and 
wheat cut into pieces of nearly 1 cm were used. Compost 
was prepared by placing raw material in a layered manner by 
adding layers of straw and green grass clippings and leaves, 
to maintain requisite amount of carbon and nitrogen ratio 
in the compost. Moisture was maintained throughout the 
making of compost by sprinkling adequate amount of water 
and the compost was overturned periodically to keep the 
flow of air into the pile. Samples were taken for chemical 
analysis after 90 days in case of wheat compost and 120 days 
in rice compost when the temperature was dropped down 
from 60 °C to about 35 °C and moisture was detected at 
55% (Table 2).

Biochar was prepared in a charring kiln provided by Sam-
uchit envirotech, a social enterprise based in Pune. The dried 
organic waste was filled up to the brim, then covered and 
flash burnt. The char was used after no more flames were 
coming out from the equipment and it was cold. The samples 
were collected immediately for chemical analysis.

Soil properties

Soil available N was extracted with  KMnO4; ammonium 
borate formed in the process was titrated with 0.02 N  H2SO4 

Table 1  Physico-chemical properties of field soil rice–wheat system

Physicochemical properties Values

Bulk density (Mg/m3) 1.4
pH 7.5
Electrical conductivity  (dSm−1) 1.6
Soil organic carbon 1.23
Available N (mg  kg−1) 16.49
Available P (mg kg−1) 8.28
Available K (mg  kg−1) 30.9
Total Mg (mg  kg−1) 63.34
Total Cu (mg kg−1) 0.748
Total Fe (mg kg−1) 130.73
Total Zn (mg kg−1) 3.636
Total Pb (mg kg−1) 0.713

Table 2  Chemical composition of organic treatments

Chemical compo-
sition

T1
Rice residue

T2
Rice biochar

T3
Rice compost

T4
Wheat residue

T5
Wheat biochar

T6
Wheat compost

T7
Wheat + rice 
compost

T8
Green manure

pH 6.9 9.5 7.5 7.1 9.7 7.3 7.5 7.2
EC  (dSm−1) 1.6 0.71 2.3 1.8 0.76 2.1 2.2 1.5
SOC% 1.8 1.5 2.1 2.7 1.8 3.4 3.6 1.2
Available N 

(mg kg−1)
7.31 18.30 29.44 12.31 21.34 26.70 33.66 35.70

Available P 
(mg kg−1)

7.20 3.83 15.62 8.40 4.73 15.61 17.70 2.13

Available K 
(mg kg−1) 

12.11 18.40 33.42 13.81 22.10 42.64 33.56 12.32

Total Mg 
(mg kg−1)

28.23 36.20 82.04 30.56 50.31 69.82 72.52 22.10

Total Cu 
(mg kg−1)

0.34 0.38 0.9 0.52 0.30 0.6 0.75 0.23

Total Fe (mg kg−1) 86.32 77.64 131.24 90.45 128.70 126.28 125.76 32.23
Total Zn 

(mg kg−1)
1.25 1.68 3.48 2.45 0.34 2.93 3.01 1.60

Total Pb (mg kg−1) 0.03 0.08 1.02 0.03 0.02 0.41 0.63 0.04
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and determined by Kjeldahl method (Subbaiah and Asija 
1956). Available P was extracted with Olsen reagent in 
0.5 M  NaHCO3 of pH 8.5; at a soil–extractant ratio of 1:20, 
extracted phosphorous was shaken for 20 min and meas-
ured colorimetrically (Olsen et al. 1954). Available K was 
extracted with neutral normal ammonium acetate (pH 7.0), 
shaken for 5 min at 220 oscillations per minute, filtered and 
measured by flame photometry (Toth and Prince 1949). Zn, 
Cu, and Fe were analyzed with hot acid-extractable trace 
elements method (ICAP_7000 1994). In a microwave diges-
tion unit (MARS), 0.2 g of soil was digested in 10 ml of 
 HNO3. Afterward, the sample was filtered and diluted five 
times with ultrapure water. The elements were estimated 
with the help of atomic absorption spectrometer. SOC was 
determined by dichromate oxidation (Walkley and Black 
1934) and microbial biomass carbon (MBC) was measured 
by the fumigation–extraction method and calculated using 
the formula Biomass C = EC/kEc where kEc is 0.38 (Vance 
et al. 1987).

Soil alkaline phosphatase was determined according to 
Tabatabai and Bremner (1969) and reported as g p-nitrophe-
nol (p-NP) produced per gram dry weight of soil per hour. 
Soil dehydrogenase activity was determined by the reduction 
of triphenyltetrazolium chloride to triphenyl formazan (TPF) 
and reported as µg of TPF released per gram soil per hour 
(Casida et al. 1964). Soil urease activity was determined 
according to Fawcwtt and Scott (1960) and reported as µg 
of ammonia released per gram of soil per hour.

Basal soil respiration was done by alkali absorption 
method as explained by Stenberg et al. (1998). Twenty grams 
of soil sample after adjusting to 60% water holding capacity 
were incubated for 7 days at 28 °C to trap  CO2 produced 
during the incubation period in 10 ml of 0.5 N NaOH. The 
evolved  CO2 was precipitated in 5 ml of  BaCl2 and deter-
mined by titrating with 0.5 N HCl using phenolphthalein as 
indicator. The basal soil respiration was calculated as g of 
 CO2 released per gram of soil per hour and metabolic quo-
tient (qCO2) was calculated as the ratio of basal respiration 
rate (g C–CO2 per hour) per unit of MBC of corresponding 
sample (Dilly and Munch 1998).

Statistical analysis

All data were statistically analyzed by two-way analysis of 
variance (ANOVA) using Microsoft Excel (Microsoft Office 
Professional Plus 2010, Version 14.07190.5000, Microsoft 
Corporation). Pearson’s correlation analysis was performed 
to test relationships between variables and the figure was 
prepared using R studio (version 1.1.419). To study the rela-
tionship of observed soil variables and extraction of govern-
ing soil factors, principal component analysis was performed 
on correlated variables using statistical package SPSS Inc. 

Released 2007. SPSS for Windows, Version 16.0. Chicago, 
SPSS Inc.

Results and discussion

This experimental study was conducted to find a mean to get 
an effective and efficient way to utilize agriculture waste for 
improving soil fertility. One of the principles of conserva-
tive agriculture is to apply permanent soil cover with crop 
residues or live mulch (Bot et al. 2005). The present study 
was an effort to interpret the efficiency of each organic soil 
cover through a comparative perception. It is possible that 
each organic amendment would confer distinct properties 
to the soil.

Nutritional status

The concentration of SOC significantly varied within all 
the organic amendments (p < 0.001) (Fig. 1a). T7, T6, and 
T3 had the maximum concentration with a highest average 
concentration of 20.29 g kg−1 in T7. It was followed by bio-
chars of rice (T2) and wheat (T5) and then crop residues of 
rice (T1) and wheat (T4). The lowest percentage of SOC 
was observed in treatment T8 and control. The overall SOC 
concentration was observed to be in a decreasing order in 
all the amendments in all the sampling months. Available 
N concentration followed a similar trend of the presence 
of maximum concentration in composts of wheat, rice, and 
wheat + rice with the highest concentration in wheat com-
post. Soil with rice biochar had a higher concentration of 
available nitrogen than wheat biochar treatment (Fig. 1b). 
Between the residues, the wheat residue-treated soil had 
more available N content than that of rice residue which 
interestingly recorded the lowest concentration amongst 
all the organic amendment treatments. T8 (green manure) 
did not show any noticeable concentration shift in available 
N. The highest concentration of available P was obtained 
in T6, followed by nearly equal concentration of available 
P in the T4, T7, and T8 while among the treatments rice 
residue was recorded with least concentration (Fig. 1c). An 
increasing trend of available K was observed in the treat-
ments T1, T2, and T3, respectively (Fig. 1d). A similar 
trend was found in the treatments T4, T5, and T6 although 
T8 had the lowest available K concentration. In the present 
study, it was observed that composts amended soil contained 
more organic matter than rest of the organic amendments, as 
attributed to a higher rate of organic matter decomposition 
in the soil. Crop residues when incorporated directly into the 
soil accelerate the biochemical and biological components 
of the carbon cycle in soil (Maithani et al. 1998). Similarly, 
green manure enhances organic matter in the soil, but in 
the form of non-decomposed vegetative matter as it aids 



77International Journal of Recycling of Organic Waste in Agriculture (2019) 8:73–85 

1 3

sudden release of nutrients into the soil but its uptake is slow 
by the following crop (Bot et al. 2005). The application of 
organic amendments in this study demonstrated a significant 
increase in the nutritional level of the test soil. However, it 
followed a similar trend of highest increase in composts, 
followed by biochars, crop residues, and then green manure, 
in organic carbon, available N, available P, and available 
K. The reason could be the presence of rich organic matter 
which governs the availability of major soil nutrients to the 
plants.

The soil samples from the organic amendments were 
analyzed for a secondary nutrient Mg and micronutri-
ents Cu, Fe, and Zn (Fig. 2). There was a similar trend 
observed in all the treatments where the concentration of 
micronutrient increased initially and gradually declined 
after reaching maturity. In the case of Cu (Fig. 2a) and 
Fe (Fig. 2b), the implications of organic amendments and 
crop growth stages were evident significantly in its con-
centration (p < 0.05). The concentration of Cu was highest 
in T5 (0.942 mg kg−1) and lowest in the control soil C 

(0.757 mg kg−1). Fe concentration followed a decreasing 
order of T2 > T5 > T1 > T3 > T7 > T4 > T6 > C>T8 with 
the highest concentration of 133.21 mg kg−1 in T2 and 
lowest in T8 127.99 mg kg−1. However, Mg (Fig. 2c) and 
Zn (Fig. 2d) showed no any significant change in response 
to organic treatments but significantly responded to crop 
growth stages (p < 0.05). The mean values of Zn ranged 
from 3.81 mg kg−1 in T3 to 3.28 mg kg−1 in control soil, 
whereas in Mg it was lowest in T1 (66.0 mg kg−1) and 
highest in T3 (70.89 mg kg−1). In the present study, there 
were no remarkable variations observed in the micronu-
trient status among the organically treated soil. But, there 
was an evident increase in the Fe and Cu concentration of 
the organic soils compared with control soil. Fe is present 
in the organic soils in the form of chelates as iron oxides 
and is also known to affect the retention and mobility of 
other elements in the soil (Silveira et al. 2003). Cu can 
co-exist with Fe in the soil as its constituent which further 
explains the positive correlation of Cu with Fe (r2 = 0.949, 
Fig.  6) (Singh and Gilkes 1992). Nonetheless, visible 
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Fig. 1  Soil organic carbon (a), available nitrogen (b), phosphorus (c) 
and potassium (d) in organic amended soils under rice cultivation in 
July, August, September, and October. Means of three replicate val-
ues plotted and error bars indicate the standard error. T1, rice resi-
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variation in micronutrients concentration was observed 
across growth stages of the rice crop (Tamilselvi et al. 
2015).

Microbial biomass carbon and microbial quotient

Microbial biomass carbon, the living component of the soil 
which links soil nutrients to energy dynamics, has been 
accepted as a sensitive indicator that responds to even short-
term nutritional and environmental changes in soil (Haynes 
2008). There was a significant effect (p < 0.01) of organic 
amendments in MBC detected in the soil across different 
seasons representing growth features of rice crop (Fig. 3). 
In this study, the mean soil microbial biomass carbon for all 
the treatments ranged from 238 µg g−1 (T1) to 665 µg g−1 
(T7). In the treatments T3, T6 and T7, MBC concentration 
gradually increased (240 µg g−1, 346 µg g−1 and 335 µg g−1, 
respectively) during sowing and then slightly declined at the 
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Fig. 3  Microbial biomass carbon in organic amended soils under rice 
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time of harvest. While in rest of the treatments, it inclined to 
the peak till harvesting season. The highest increase of 35% 
was obtained in T7 followed by T3 and T6 of 25% and 22%, 
respectively, over the mean value of MBC concentration of 
control soil. The mean value of T8 was 14% more than the 
control soil. Crop residue amendments T1 and T4 showed 
lower concentration of 238 µg g−1 and 427 µg g−1 of carbon, 
respectively, than the control soil. In the present study, com-
post treatments had a greater influence on MBC concentra-
tion (Hu et al. 2011; Chinnadurai et al. 2014; Tamilselvi 
et al. 2015). In addition to that T7, compost of wheat + rice 
was most responsive to a nutritional change in soil caused 
by its addition. It shows that among various composts, the 
effectiveness depends on the richness and nutritional quality 
of the compost, as the inputs used to prepare compost impart 
distinct nutritional character to the prepared product. Green 
manure and crop residue amendments performed relatively 
lower than composts, the study of (Liu et al. 2017) sup-
ported similar results where mg kg−1 of MBC of NPK plus 
green manure and NPK plus straw was significantly less than 
NPK plus pig manure. Soil amended with biochar of both 
wheat and rice had higher MBC content than control, crop 
residues, and green manure. However, the results are in con-
tradiction to the study done by Zavalloni et al. (2011), who 
recorded significant increase of MBC by wheat straw than 
biochar. Such differential observation could be attributed to 
composition and application rate of biochar that influences 
the soil physiology.

Microbial respiration is a measure of  CO2 production in 
the soil which interpreted along with MBC gives an eco-
physiological index, which can be considered as a true repre-
sentation of microbiological activities in soil. Irrespective of 
organic treatments, soil respiration rate followed an increas-
ing trend in sowing season and declined in harvesting season 
(Fig. 4a). An increase in soil respiration during the sowing 

season of the crop indicates a positive reaction to freshly 
added nutrient-rich organic matter (Singh and Cowie 2011). 
The recorded mean values showed variation in the soil res-
piration as influenced by different organic amendments in 
the soil. An increase of 23% and 22% was seen in T6 and 
T4, respectively. Overall, an increased percent variation was 
observed in the order of T6 > T4 > T5 > T3 > T1 > T7 > T8 > 
T2. Metabolic quotient calculated as a ratio of soil respira-
tion to MBC (Fig. 4b) shows significant difference within 
organic treatments (p < 0.05) as well as crop growth stages 
(p < 0.001). Minimum average value of all growing seasons 
was recorded for organic treatments T1 and T7 (4.28 µg 
C–CO2/µg C MBC and 4.35 µg C–CO2/µg C MBC, respec-
tively), while the highest value of 8.72 µg C–CO2/µg C MBC 
was observed in the control soil. Metabolic quotient explains 
the efficacy of organic matter utilization by microorganisms 
for their energy requirement maintenance (Moscatelli et al. 
2005). It showed an initial increasing trend when the fresh 
organic matter was added to the soil and, therefore, there was 
higher respiration rate per unit of microbial biomass (Odum 
2014). There was a significant difference amongst organic 
treatments as well as crop stages (p < 0.05). The presence 
of its lower mean value for all the organic amendments than 
control soil indicates effective utilization of carbon substrate 
vis-à-vis greater efficiency of microorganism, which reso-
nates a similar viewpoint shared by Flieβbach and Mäder 
(1997). Comparatively, crop residue amended soils recorded 
high  qCO2 than other organic treatments which is consist-
ent with the values of less organic carbon and low MBC. It 
explains the ineffective cycling of carbon in the soil with 
significantly lower microbial load present, amended with 
rice and wheat residue. The difference in mean values of 
 qCO2 in all the organic treatments reflects the substrate uti-
lization efficiency of the distinct microbial communities pre-
sent in each organic system. Compost only being used when 
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Fig. 4  a Basal soil respiration and b microbial quotient in organic 
amended soils under rice cultivation in July, August, September, and 
October. Means of three replicate values plotted and error bars indi-

cate the standard error. T1, rice residue; T2, rice biochar; T3, rice 
compost; T4, wheat residue; T5, wheat biochar; T6, wheat compost; 
T7, wheat + rice compost; T8, green manure; C, no amendment
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matured has the least value of  qCO2 whereas the freshly 
added crop residues enable a higher rate of microbial respi-
ration that mineralize organic matter by the native microbial 
population.

Soil enzymatic activities

Soil enzymatic activity has been a real-time indicator of the 
functional potentiality of microorganisms. Organic farming 
induces changes in the microbial aspect of the soil resulting 
in functional changes in agro-ecosystems, which corrobo-
rates with previous studies of Bonanomi et al. (2016) and Gu 
et al. (2009). Dehydrogenase is often most studied enzyme 
because of its occurrence in every viable microbial cell that 
determines the overall microbiological activity in the soil 
(Nannipieri et al. 2011). Dehydrogenase activity responded 
significantly (p < 0.001) across organic treatments and stages 

of crop growth and their interactions in soil (Fig. 5a). For 
example, dehydrogenase showed an increasing trend from 
sowing season to the vegetative stage, reached the peak in 
maturation stage and started decreasing at harvesting. The 
similar trend was observed in almost all the given treat-
ments. Few authors (Instytut Agrofizyki w Lublinie et al. 
2000; Tripathi et al. 2007) have reported the seasonal activ-
ity of dehydrogenase in early autumn and have mentioned 
highest values obtained in July to September which is in line 
with the results obtained in the present study. The reason 
is also due to the presence of optimum temperature during 
July–September (wettest months) that is congenial for the 
growth and functioning of soil microbes (Woli et al. 2012). 
A highest of fivefold increase in the value of dehydrogenase 
activity (5.1 µg of TPF released per gram of soil per day) 
was registered in treatment T7 over the control. Threefold 
increase in T3 and T6 treatments and the lowest (1.2 times) 
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Fig. 5  Enzymatic activity a dehydrogenase, b alkaline phosphatase, 
and c urease in organic amended soils under rice cultivation in July, 
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response was observed in green manure treatment. Several 
authors have reported similar results with the present find-
ings of higher dehydrogenase activity in organically treated 
soils (Chang et al. 2014; Macci et al. 2012; Martens et al. 
1992). The oxidoreductase reaction carried by dehydroge-
nase in the soil largely depends on the availability of sub-
strate. Thus, the presence of easily available high organic 
matter substrate in compost and biochar positively affected 
the microbial biomass and in turn microbial activity.

Alkaline phosphatase (ALP) is the key enzyme in phos-
phorous transformation cycle because of its role in miner-
alizing organic phosphorous into plant available phospho-
rous (Richardson 2001). The ALP enzyme activity showed 
significant variation (p < 0.001) due to organic amendments 
and crop stages (Fig. 5b). The range of alkaline phosphatase 
activity varied from 258.77 µg PNP released per gram soil 
per hour in control soil to 302.2 µg PNP released per gram 
soil per hour in T2 treatment. All the organic amendments 
registered ALP activity at par with the control soil. While 
ALP activity depends on several factors including soil 
properties, organic amendments, and microbial interactions 
(Speir and Ross 1978), Sakurai et al. (2008) and Zhang et al. 
(2016) validated that organic fertilizers are rich in organic 
matter and enhances alkaline phosphatase activity. However, 
quality and quantity of organic amendment affect the overall 
microbial dynamics of the soil, as mentioned in the study of 
Elzobair et al. (2016) who stated the contrasting effects of 
biochar and manure on microbial activities and concluded 
that manure even in short term enhances enzymatic activ-
ity in comparison to biochar. The slightly opposite outcome 
in contrast to present study was reported by Kashyap and 
Khokhar (2017) where ALP activity was in the order of 
wheat straw > Farm Yard Manure > Green manure. The 
results infer that organic fertilizers enhance the microbial 
activity in the soil, but the degree of variation depends on 
the interaction between microbial communities and the sub-
strate quality in the soil.

Urease activity is widely used to assess the impact of soil 
management practices on soil quality (Diaz-Marcote et al. 
1995). In the present study, urease activity showed a signifi-
cant difference in soil treated with amendments (p < 0.001) 
at each crop growth stage over the control soil (Fig. 5c) 
which was also consistent with the results of Liang et al. 
(2003). T6, T7, and T8 recorded greater urease activity; a 
fivefold increase was observed in wheat–rice compost (T7) 
and the least in the T5 over the control. Higher concentration 
of nitrogen in soil stimulates the urease activity amended 
with different carbon substrates (Shukla and Varma 2011). 
The same can be interpreted with the results in the present 
study where T8 and T7 recorded greater urease activity 
corresponding to high N concentration. However, several 
authors have reported the inhibitory effect of inorganic 
nitrogen fertilizers on urease enzyme (Bremner and Douglas 
1971; Ajwa et al. 1999). In the present study, no urea was 
added and each organically amended soil showed enhanced 
urease activity relative to control soil. However, the dura-
tion and rate of application of organic fertilizers cannot be 
ignored, before concluding if it has inhibitory effects or not.

Crop response to organic amendments

The rice plants from the treatment pots were analyzed for 
parameters that represented the growth attributes of the plant 
in response to organic amendments (Table 3). A significant 
effect of organic treatments was observed in plant height 
(p < 0.001) as well as total biomass (p < 0.001). Similar 
result of significance in maize biomass was obtained by 
Pampuro et al. (2017) on application of pig slurry compost. 
The noticeable alteration was observed in the rice plants of 
compost-treated amendments T6, T3, and T7 with respect to 
plant height which was 86 cm, 78.67 cm, and 78.33 with cor-
responding biomass of 73.17 gm, 69 gm and 59 gm. in T6, 
T3, and T7, respectively. Spike length also showed signifi-
cant change (p < 0.005) with the highest mean value of 22 cm 

Table 3  Influence of organic treatments on crop growth parameters

Mean of five replicate values plotted and values in paranthese indicate the standard error. T1, rice residue; T2, rice biochar; T3, rice compost; 
T4, wheat residue; T5, wheat biochar; T6, wheat compost; T7, wheat + rice compost; T8, green manure; C, no amendment

Treatment Tillers (in numbers) Spikes (in numbers) Spike length (cm) Plant height (cm) Total biomass (gm)

T1 12.67 (± 1.45) 10.33 (± 3.48) 15.67 (± 0.67) 68.00 (± 1.73) 28.83 (± 1.36)
T2 15.00 (± 1.15) 12.33 (± 0.67) 17.33 (± 0.88) 67.00 (± 1.53) 50.83 (± 2.95)
T3 18.33 (± 0.88) 17.00 (± 0.58) 22.00 (± 0.00) 78.67 (± 1.76) 69.00 (± 2.89)
T4 15.00 (± 6.02) 12.67 (± 4.67) 17.67 (± 0.33) 69.67 (± 3.71) 62.83 (± 0.44)
T5 15.00 ± 4.50 14.00 (± 4.58) 19.67 (± 0.67) 70.67 (± 2.03) 61.33 (± 1.20)
T6 20.00 (± 2.08) 20.33 (± 0.33) 19.00 (± 2.08) 86.00 (± 5.51) 73.17 (± 3.56)
T7 16.00 (± 2.64) 12.33 (± 3.28) 1 9.67 (± 0.33) 88.33 (± 0.88) 59.33 (± 4.18)
T8 14.67 (± 3.28) 9.67 (± 1.45) 19.67 (± 0.33) 75.67 (± 1.20) 44.67 (± 1.86)
C 13.33 (± 0.66) 11.00 (± 0.00) 18.33 (± 0.33) 75.67 (± 2.33) 30.17 (± 4.97)
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in T6. Tillers and spike numbers did not show any signifi-
cant variation due to organic amendments. Data presented 
in Fig. 6 showed significant positive correlation of number 
of tillers with number of spikes (r2 = 0.928, p = 0.0001), AN 
(r2 = 0.944, p = 0.0001) and AK (r2 = 0.788, p = 0.006). A 
number of spikes were strongly correlated to total biomass 
(r2 = 0.804, p = 0.005). Plant height was significantly corre-
lated to dehydrogenase activity (r2 = 0.777, p = 0.007), MBC 
(r2 = 0.787, p = 0.006) and  qCO2 (r2 = 0.759, p = 0.009). 
The total biomass was positively correlated to alkaline 
phosphatase activity (r2 = 0.767, p = 0.008). Nearly, all the 
considered crop growth attributes were significantly corre-
lated to available N and K. The cumulative response of crop 
growth attributes in all the organic amendments-treated soil 
signifies an increase in percent variation above 9% to up to 
47% over the control soil. Gwenzi et al. (2016) proclaimed 
similar results of increase in maize growth of 42–53% in 
sewage sludge and sewage biochar, respectively.

Analysis of principal components was done on nearly 
correlated soil parameters to determine the governing fac-
tors causing change after organic amendment. Four compo-
nents with eigen value > 1 having a cumulative percentage 

of 78.65% were extracted. PC1 and PC2 were responsible 
for 54.17% of variance out of which PC1 and PC2 contrib-
ute 30.48% and 23.68%, respectively. PC3 showed 12.76% 
and PC4 showed 11.71% variation (Table 4). Among the 
considered variables, DHA, ALP, SOC, AK, AN, and MBC 
had measure contribution to PC1, while URE and  qCO2 con-
tributed to PC2. This clearly indicates that any change in 
the rate of input caused by environment or nutrient manage-
ment affects the stored carbon in soil nutrient cycling (Carter 
and Gregorich 2006). Application of organic amendments 
improves the soil quality and enhances the crop growth and 
yield (Dahama 1997; Bonanomi et al. 2016; Gwenzi et al. 
2016). But different crop species respond differently to the 
organic amendments applied to the soil (Roy et al. 2010). 
In the present work, the rice plants responded to all sorts of 
organic amendments across different growth periods.

Murphy et al. (2016) emphasized that crop residue reten-
tion although enhanced soil properties, but did not signifi-
cantly increased the total biomass of crop. The reason for 
the varied crop growth response to residue incorporation in 
soil could, therefore, be attributed to the chemical composi-
tion of the residue which determines its decomposability and 

Fig. 6  Pearson correlation 
plot between the crop growth 
attributes and soil parameters: 
number of tillers (NT), number 
of spikes (NS), spike length 
(SL), plant height (PH), total 
biomass (TB), DHA (dehydro-
genase), urease (URE), alkaline 
phsphatase (ALP), microbial 
biomass carbon (MBC),  qCO2 
(microbial quotient), basal 
soil respiration (BSR), soil 
organic carbon (SOC), avail-
able nitrogen (AN), available 
phosphorous (AP), available 
potassium (AK). Blue color 
indicates positive correlation 
and red color indicates negative 
correlation; size of each respec-
tive circle indicates the extent of 
correlation
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nutrient availability to the plant (Rousk et al. 2010). Both 
wheat and rice straw have distinct chemical compositions 
that govern their decomposition rate. Rice residue being 
rich in cellulose takes more time to degrade. A similar fate 
was observed with organic amendments composed of wheat. 
Goyal et al. (2009) reported a positive effect of rice straw 
compost on rice yield.

Biochar gave high results than crop residue treatment 
with respect to crop growth. Yadav et al. (2016) observed 
20% increase in plant height of test crop (Cicer) treated with 
pyrolyzed biochar. On the contrary, Gwenzi et al. (2016) 
reported that biochar alone is not a fertilizer and, therefore, 
did not show any significant difference in plant height of 
maize crop. Biochar addition to soil results in an increase in 
carbon content of the soil which corresponds to the increased 
total biomass of plants.

In the present study, compost showed considerably high 
plant growth response in comparison to biochar and crop 
residues including green manure amendments. The higher 
nutrient availability enhances plant accessible nutrient 
uptake which is generally reasoned for its considerable per-
formance. Significantly less biomass increase in control crop 
is due to negative nutrient balance (Srivastava et al. 2010). 
Three forms of organic composts consisting of rice (T3), 
wheat (T6), and wheat–rice (T7) were used. Compared to 
other composts, the effect of rice compost on paddy culti-
vated soil was less significant, but it showed equitable plant 
growth response with T6 and T7. This demonstrates that 
there is no exact direct relation between quality of organic 

amendment and its perceived effect on plant growth within 
the same form of amendments. Thus, it is a contrary that soil 
qualities are evaluated on the basis of comparative nutri-
tional increments and microbial indicators, but when its 
effect is seen on plant growth and yield, contrasting results 
could be obtained as well.

Conclusion

This study demonstrated that different forms of organic 
amendments show varied results in terms of soil quality and 
crop growth. Compost being highly decomposed in nature 
reacts in a short time to bring change in soil properties. 
Therefore, composts of wheat and wheat + rice stimulated 
positive changes in the soil as well as plant quality. Although 
biochar performed somewhat in between compost and crop 
residue amendments, various studies have reported that bio-
char is known to work well in coordination with organic 
fertilizers than used solely. In the present study, crop resi-
dues showed least significant change to soil conditioning and 
negatively to crop growth while its long-term effect needs to 
be studied before declaring its low workability. The purview 
of application of rice and wheat agriculture waste as organic 
amendments was done to assess the sustainability of its reus-
ability. From this perspective, using previous crop waste to 
improve soil condition for next crop is highly feasible. It 
improved the overall nutritional quality and the microbial 
dynamics of the soil. From the observed results, it is con-
cluded that application of wheat compost and wheat + rice 
compost serves the best farming option for sustainable rice 
agrosystem in hilly areas. This attempt was a short-term 
study but in situ long-term studies are, however, required 
to develop an optimal organic treatment for a specific crop 
keeping in mind the requirements of soil health.
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Table 4  Principal component analysis of soil quality parameters for 
the 4 PCs

DHA dehydrogenase, URE urease, ALP alkaline phsphatase, MBC 
microbial biomass carbon, QCO2 microbial quotient, SOC soil 
organic carbon, AN available nitrogen, AP available phosphorous, AK 
available potassium
a Bold numeric values are the key variables explaining the corre-
sponding PCs

Principal components PC1 PC2 PC3 PC4

Eigen value 2.744 2.131 1.149 1.055
Variability% 30.48 23.68 12.76 11.71
Cumulative% 30.48 54.17 66.79 78.65
Eigen vectors
 DHA 0.700a 0.329 − 0.126 − 0.323
 URE − 0.157 0.595 0.684 − 0.191
 ALP 0.541 0.327 − 0.144 0.284
 MBC 0.402 − 0.825 0.009 − 0.212
 SOC 0.800 0.434 0.116 − 0.191
 AK 0.708 − 0.006 0.422 0.126
 AN 0.731 − 0.101 − 0.323 0.385
 AP 0.099 − 0.459 0.557 0.582
 qCO2 − 0.299 0.688 − 0.198 0.498
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