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[Abstract- The present investigation was carried out in kharif 2009 under All India Coordinated Research Project for Dry land Agriculture, College of Agriculture, Indore.\
The experiment was aimed to evaluate the effect of inorganic fertilizers with or without organic manure on soil and crop quality, growth and productivity and to workout
the economic viability soybean utilizing a permanent manurial trial on soybean in rainfed Vertisols. The results revealed that the highest soybean seed yield (2600kg ha-
1during 2009 and 2205 kg ha-" on the basis of 18 years average) was recorded due to half of the recommended dose of N and P + 6 t FYM per ha. The highest gross
and net returns were also obtained due to this treatment comprising of 50% of RDF + 6t FYM ha-! followed by recommended dose of fertilizers, pure organic and lowest
in case of control. The highest sustainability yield index (SYI) of 0.46 was obtained due to the treatment of FYM @ 6 t per ha + N20P13,FYM and crop residue added
treatments gave higher mean weight diameter (MWD) in comparison to chemical fertilizer added treatments. Addition of organics along with chemical fertilizers reduced

the bulk density. The porosity ranged from 46.97 per cent to 55.60 per cent in different treatments and was highest in the treatment of FYM @ 6 t per ha + N20P13.
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Introduction

The state of Madhya Pradesh is known as soybean state as it contributes 58 and
55 per cent of the total area and production of soybean of the country respectively.
The national average productivity of last 17 years of India and Madhya Pradesh
was 985 kg per ha and 939 kg per ha, respectively. In spite of availability of
improved varieties with yield potentials of 2.5 to 3.0 tha, the low productivity in the
state and country calls for optimizing it through efficient nutrient management.
The lack of integrated nutrient management approach coupled with unbalanced
nutrition not only limits the productivity, but also leads to deterioration in soil
quality. This has reflected in degradation of soil quality and environments as well
as sustainability of yield levels of crop plants [1]. However, soil quality has been
conceived as one of the major functional factors in limiting the yield of crops. To
over come this problem, the integrated nutrient management system (INM) is
advocated for nutrient management in cropping systems. The basic concept of the
INM is to maintain soil fertility for sustained crop productivity on long-term basis
and also reduce fertilizer input cost. Integrated nutrient management (INM) has
shown its potential in increasing crop productivity may be due to the combined
effect of nutrient supply, synergism and improvement in soil physical and
biological properties and also in crop physiological processes. Therefore, it has
been realized that there is a need for an assessment on crop specific land quality
so that the yield diminishing factors can be identified. The need for development of
a land quality index with reference to type of land use was stressed [2]. The
present study was carried out in a permanent manurial trial, which is running since
1992 in Vertisols at Indore with specific objectives to assess soil quality and the
impact on physiological processes of soybean, crop quality and growth and
productivity of soybean as influenced by long term fertility treatments.

Material and Methods

The present investigation on soil and crop quality assessment as influenced by
treatment under permanent manurial trial on soybean in rainfed Vertisols was
carried out during kharif 2009 under All India Coordinated Research Project for
Dryland Agriculture, College of Agriculture, Indore. The permanent manurial trial
was laid out in randomized block design with nine treatments and three
replication. The initial soil status of experimental site has pH-7.6, EC-0.22 dSm!
[3], Organic carbon- 0.38 % [4], Av.N-180.13 (kgha") [5], Av. P -5.98 kg ha'! [6],
Av. K -761.0 kgha'! [7], Av. S -12.58 kg ha" [8]. The treatments comprised of T+
control, T2N20P13 (20 kg N + 13 kg P/ha), T3 N30P20 (30 kg N and 20 kg P/ha),
Ta N40P26 (40 kg N and 26 kg P/ha), Ts N6OP35 (60 kg N and 35 kg P/ha), Te
FYM 6 t per ha + N20P13, Tr N20P13 + soybean crop residues 5 t per ha' Ts
FYM 6 t per ha and To soybean crop residues 5 t per ha. FYM was applied during
rainy season only and surface mulching between crop rows with soybean crop
residues was resorted to after crop emergence. The sources of N, P and K used
were urea, single super phosphate (SSP) and muriate of potash. The gross and
net plot size were 10 m x 7.2 mand 9.0 m x 6.6 m, respectively.

Results and Discussion

Crop Growth: The observations on growth parameters of soybean as influenced
by various treatments [Table-1] revealed that the differences in plant height,
number of branches and pods per plant, total dry matter per plant, seed yield per
plant and test weight were statistically significant. The highest value of most of
these growth parameters was recorded on combined application of FYM @ 6 t per
ha plus 50% of RDF i.e. N20P13, the lowest were in control. The maximum plant
height was recorded in Ts (54.07cm) followed by Ts (53.23 ¢m), T7(48.53 cm), T4
(47.80 cm), T9 (47.53), T (46.0 cm), Ts (44.0 cm), T2 (41.93 cm) treatment which
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were statistically at par with all the treatments except treatment T+ Control and T2
(N20 P13.) Aimost similar trend was observed in case of no. of branches plant-!,
pods plant, DM and yield per plant and test weight. Chaturvedi and Chandel
(2005) [9] also reported that the integrated use of recommended dose of fertilizer
with supplementary nutrients increased the growth and yield attributes of soybean

significantly. Supplementing the soil with organic sources improved the general
soil environment, physico-chemical and biological conditions and thus the soil
quality, these findings are also in agreement [10, 11], which helped to improve the
soybean growth and yield contributing characters. Application of vermicompost
significantly increased the growth attributes and yield of maize [12).

Table-1 Plant growth and yield attributes of soybean as influenced by different treatments at harvest,

SR Plant  Branch(No/  Pods(No/ Total dry Yield w:;:“
height (cm) plant) Plant) matter (g/plant) | (gf plant) (gH00 seeds)

T, |Control 36.67 260 24,63 1411 6.6 9.20
T, |N20P13 193 3.07 373 1947 8.9 1080
T, [N30P20 46.00 3.60 4147 017 103 1157
T, |N40P26 4780 3.60 4113 21.87 12 11.87
T, |N60P35 53.23 3.93 4527 24.69 129 173
To __ |FYMé6tha+N20 P13 5407 413 4813 211 134 1291
T, |Residues @ 5Uha + N20 P13 4853 293 4203 0.7 13 1097
T |FYM@6tha 4400 3.87 0273 23.30 114 147
To |Residues @ 5tha 4753 347 41.73 21.94 1.0 1140

SEm(3) 29 0.26 152 1.83 12 0.60

CD (p=0.05) 8.97 0.79 456 547 35 179

Yield and Economics; Data on yield of soybean [Table-2] revealed that the
highest seed yield (2,600 kg/ha) was recorded due to half of the recommended
dose (N20 P13) + 6 t FYM / ha which was significantly superior over N30P20
(2,122 kgfha), N20P13 (1,862 kg/ha) and control (1,357 kg/ha) and was on par
with other treatments. All the fertility treatments produced significantly higher (37
t0 92 %) seed yield over control. A trend similar to seed yield was noted in case of
straw yield. The superiority of application of FYM @ 6 t per ha in combination with
N20P13 gets confirmation from highest mean seed yield over 18 years of this
long-term experiment, which was 2,205 kg per ha (63 % higher) over control. The

application of FYM played beneficial effect to supply of all nutrients to crops [13,
14]. The economic evaluation of the treatments brought out that the application of
FYM @ 6 t per ha + N20P13 yielded highest gross returns (Rs 63,020/ha), net
returns (Rs 47,110/ha), which was statistically superior to control and surface
mulching with soybean residues @ 5 t per ha in conjunction with N20P13,
mulching with soybean residues @ 5 t per ha and control. Rest of the treatments
was at par. The highest sustainability yield index (SYI) values (0.46) was also
associated with combined application of FYM @ 6 t per ha + N20P13, and lowest
in case of control (0.26).

Table-2 Seed and straw yield of soybean as influenced by different treatments.

Treatment Yield Cost of Cultivation Returns (Rs/ha) Mean yield

(kgfha) Seed (Rs/ha) Gross Net over 18 years (kg/ha)
Control 1357 9000 40521 27583 1350 0.26
N20 P13 1862 9288 57708 44357 1731 0.33
N30 P20 2122 9415 59166 45632 1901 0.37
N40 P26 2380 9555 59375 45639 2016 041
N60 P35 2374 9835 60208 46070 2109 0.44
FYM 6t/ha + N20 P13 2600 11068 63020 47110 2205 0.46
Residues @ 5t/ha + N20 P13 2313 12860 55937 37451 1907 0.36
FYM @ 6thha 2389 10792 58437 42924 1980 0.39
Residues @ 5t/ha 2261 12822 57500 39068 1769 0.33
SEm (1) 122 - 2061 2061 -
CD (p=0.05) 365 6179 6179

Soil quality assessment under different treatments

Effect on soil physical properties: To evaluate the long-term effect of various
treatments on mean weight dry matter, bulk density and surface soil porosity,
surface soil samples were analyzed and data is presented in [Table-3]. The effect
of treatments in long-term on soil (0-15 cm) physical properties revealed that the
maximum mean weight diameter (MWD) was recorded by application of FYM @ 5
t per ha + N20P13 (1.11 m) and minimum in case of control (0.51 m). In general,
the FYM and crop residue added treatments gave higher MWD (0.94-1.11 m) in
comparison to chemical fertilizer added treatment (0.73-0.87 m) and control (0.51
m). The bulk density was found to get reduced irrespective of the fact that organic
material was applied alone or in combination with inorganic (1.18-1.22 mg/md).
The soil porosity ranged from 46.7 to 55.6 per cent in different treatments and was
highest (55.6%) when FYM @ 6 t per ha + N20P13 was applied. The changes in
soil properties due to different treatments are the cumulative effect of 18 previous
seasons as the site of each treatment was fixed. The FYM and inorganic fertilizer
applications might have resulted in higher SOM due to increased root biomass
and acted as a hinding agent which improved the aggregate MWD [15,16]. The
average MWD was highest in FYM + NPK treatment followed by 100% NPK and
lowest MWD was in non-treated control plots in rice-wheat system as well as in

maize-wheat system obtained by Rasool et al. [17]. In contrast, significant
decrease in bulk density was reported in maize-wheat rotation in China after 13
years of application of NPK+ manure compared to non-treated control and NPK
treatment [18]. Annual additions of barnyard manure for 100 years in continuous
wheat, com and timothy cropping systems resulted in decline in BD [19] and
increase total porosity due to increased SOM [20].

Table-3 Soil physical properties recorded at flowering stage of soybean

Treatment Mean weight Bulk density Porosity
diameter (mm) (Mgm?) (%)
Control 0.51 1.39 46.7
N20 P13 0.73 1.36 479
N30 P20 0.78 1.38 467
N40 P26 077 1.37 487
N60 P35 0.87 1.32 50.2
FYM 6t/ha + N20 P13 1.1 1.18 556
Residues @ 5t/ha + N20 P13 0.98 1.20 544
FYM @ 6tha 0.94 1.21 54.0
Residues @ 5t/ha 0.90 1.22 536
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Soil microbial biomass

Soil microbial biomass carbon was determined by fumigation method and data are
presented in [Fig-1]. Itis evident from the fig that the highest MBC was recorded in
T6- FYM 6 t /ha + T2 followed by T7-Residues 5t /ha + T2, T9 -Residues 5t /ha,
T8-FYM 6t /ha, T5-N60 P35, T4-N40 P26, T3-N30 P20, T2- N20 P13 and lowest
in T1 i.e. control. Soil microbial population increased in organically amended as
compared to inorganic which may be due to the addition of organic amendments
that might have large impact on the size and activity of microbial population [21].
Long-term stubble retention, reduced tillage systems and maturing have been
shown to increase microbial biomass carbon and microbial activity in soil [22).
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Fig-1 Effect of different fertility treatments on Microbial Biomass Carbon
(MBC)

Soil quality evaluation: The soil quality changes evaluated quantitatively for all
the nine treatments using the soil data analyzed [Table-4] during this study clearly
indicated slight changes in soil pH, organic carbon, plant available nitrogen,
phosphorus and potash in a span of 18 year. These parameters were used for
calculation of soils quality changes. Soil quality evaluations indicated that the
quality of soil had improved in the treatments which compressed of application of
organics as compared to control as the values of RSQI were above zero. The
relative soil quality index under different treatments was increased by 11 units in
the treatments which were comprised of addition of organics (alone or in
combination of inorganic) as compared to 7.75 units in treatments where chemical
fertilizers were applied. In case of treatment N20P13, the increase was 1.75 units
only. Under all the treatments soil belongs to class Il having minimum value 66.5
under control. This value increased due to other treatments the maximum
improvement was observed due to addition of organics in the soil. This indicated
that the addition of organic matter improved soil quality as compared to chemical
fertilization alone. On the basis of the criteria on soil quality assessment given by
[23, 24], we conclude that there was a great increase in soil quality in the
treatments FYM @ 6t per ha + N20P13, soybean residues @ 5 t per ha +
N20P13, FYM @ 6 t per ha and soybean residues @ 5 t per ha due to addition of
organics (alone or in combinations of inorganic, while this increase was moderate
in the treatments N30 P20 , N40 P26 and N60 P35 . The increase in soil quality
in case of inorganic fertilization with 50 per cent of RDF was slight.

Table-4 Soil quality assessment due to various treatments
Treatments

Parameters FYM 6t/ha + Residues @5t/ha FYM Residues
Conol  N2OPI3 N3P0 MADPZS  NeoP3s (oo o e R

Soil depth (cm) 39 39 39 39 39 39 39 39 39
Texture 22 22 22 22 22 22 22 22 22
Slope 52 52 52 52 52 52 52 52 52
OM (g/kg) 13 13 13 13 13 26 26 26 26
Av.-N (kg/ha) 12 24 36 36 36 36 36 36 36
Av.-P (kg/ha) 24 24 36 36 36 36 36 36 36
Av.K (kg/ha) 44 44 44 44 44 44 44 44 44
pH 20 15 15 15 15 15 15 15 15
CEC (cmolprkg) 40 40 40 40 40 40 40 40 40
sal 266 273 297 297 297 310 30 310 310
SQim 400 400 400 400 400 400 400 400 400
RSQI 66.5 68.25 74.25 74.25 74.25 775 775 775 775
ARSQI as compared to
ol P NA 175 7.75 7.75 7.75 1 1 1 11
Remark NA Slight Moderate Moderate Moderate Great Great Great Great

Nutrient uptake by soybean:

The data [Table-5] revealed that the uptake of N, P, K and S by soybean seed
and straw as well as and total uptake of these nutrients in relation to different
treatments under consideration was higher in treatment FYM @ 6t per ha+
N20P13 as compared to any level of application of fertilizer source. Lowest uptake
of all the nutrients was recorded in the control. The maximum uptake of N, P and

K was also found in the treatment having FYM plus 100% NPK [25]. The higher
nutrient uptake with organic manure might be attributed to solubilization of native
nutrients, chelating of complex intermediate organic molecules produced during
decomposition of added organic manures, their mobilization and accumulation of
different nutrients in different plant parts and the results are in agreement with the
previous findings [26].

Table-5 Nutrient uptake (kg/ha) by soybean seed and straw under different treatments

Treatment Seed \ Straw Total
N P K s | N P K s N P K s
Control 7417 2.64 15.67 1.78 7.89 1.20 3.85 3.3 82.27 5.30 28.15 6.01
N20 P13 125.75 3.76 2112 2.9% 11.20 2.51 6.69 8.31 136.28 9.61 46.59 13.63
N30 P20 141.88 4.58 25.09 3.08 10.82 2.78 9.53 6.82 151.70 11.21 55.77 1249
N40 P26 146.30 5.80 28.65 4.01 14.06 3.66 9.99 1.25 159.03 13.36 57.95 13.96
N60 P35 160.85 5,61 28.40 4.36 23.15 5.04 13.04 10.83 182.34 1541 65.50 18.94
FYM @ 6 tha + N20 P13 170.16 5.97 32.19 511 21.23 5.79 13.65 10.25 189.39 16.50 7144 19.59
Residues @ 5 t/ha + N20 P13 164.55 5.95 26.55 3.94 15.28 5.51 11.88 8.53 1771.50 16.99 63.05 16.04
FYM @ 6 tha 163.07 6.32 271.26 3.92 21.09 5.57 15.20 713 181.49 17.20 6541 14.21
Residues @ 5 t'ha 130.60 5.66 26.11 4.00 17.00 5.29 11.86 9.1 144.60 14.04 52.21 15.32
SEm () 9.15 0.3 14 0.4 1.0 0.2 0.6 0.4 4.6 0.3 15 0.6
CD (p=0.05 26.90 0.9 4.2 1.1 3.0 05 1.8 1.2 13.9 0.9 44 1.7
International Journal of Agriculture Sciences
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 60, 2016
||BioinfoPublications|| 3376



Effect of Long-Term Fertility Management Practices on Soil, Crop Quality and Productivity of Soybean Grown in Vertisols of Western Madhya Pradesh

Conclusion

The highest soybean seed yield was recorded due to half of the recommended
dose of N and P (N20P13) along with FYM @ 6 t per ha, which was associated
with improvement of soil quality and plant physiological parameters. This
treatment provided higher economic benefits as compared to other treatments.
The status of this long-term manurial trial after 18 years establishes that for
sustained economic production integrated approach of nutrient management is to
be followed. Application of organic manures over years improved soil physical
parameters and boost the production of soybean with higher sustainability index
when coupled with half the level of recommended nutrients through fertilizers.
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