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/Abstract- A field experiment was conducted during kharif (soybean), 2012 and rabi (onion) 2012-13 in a sandy clay loam, at college farm, College of Agriculture,\
Rajendranagar, Hyderabad to study the response to P levels (0, 30 and 60 kg P20s ha-) either alone or in combination with PSB @ 5 kg ha-!, biochar @ 5 t ha-*, humic
acid @ 20 kg ha* and citric acid @ 10 mM concentration to study the direct, residual and cumulative effects of the treatments imposed on yield of soybean(direct) and
onion (Residual and Cumulative). The mean seed yield of the soybean with biochar was 2077 kg ha-!, which was significantly higher against the control seed yield of
1329 kg ha". In onion, among organics, biochar application led to a statistically significant positive effect on both biomass and yield. Biochar resulted in a significant
increase in mean onion yield to 22.1 t ha-' against 15.8 t ha! when organics were not supplemented, the yield response being 39.9 per cent across inorganic P and
mode of effect. Cumulative effect was found to show significant influence resulting in a mean yield of 21 t ha- which was higher by 22.1 per cent as against 17.2 t ha-t
due to the residual effect.
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Introduction

Phosphorus is the second most important major plant nutrient in supplement the
plant metabolic activity ultimately it shows the effect on crop yield. P requirement
for soybean crop is more during pod and seed development where more than 60%
of P ends up in the pods and seeds. Soybean is a P dependent crop, and
application of proper P concentrations coordinated production, improved
physiological characteristics, and enhanced nutrient uptake [1]. Onion, the “Queen
of the Kitchen” is one of the most commercially valuable vegetables grown in
India. It is considered as a rich source of carbohydrates, proteins and vitamin C
besides minerals like phosphorus and calcium. P fertilizer recommendations for
soybean and onion crops are same.

To increase the agriculture productivity, Phosphorus should be used as efficiently
as possible in order to conserve the small resources of P in our world. Among the
major plant nutrients, resources of P are low on a global scale. Phosphorus was
thought to be one of the most immobile, inaccessible and unavailable nutrient
present in the soil and the phosphatic fertilisers added to the soil to meet the crop
demand also will soon be converted to immobile forms. Due to the continuous
application of phosphatic fertilisers with a view that it gets fixed, there was a build-
up of P in the soil. Phosphorus added through fertilizers and organic material are
accumulated in the readily available and less readily available pools of P [2].

The objectives of present study were, to determine the effect of organics on P
fertilizer optimization on soybean (Glycine max L.) and to determine the residual
and cumulative effects of P fertilizer and organics on onion (Allium cepa L.) in the
soybean-onion system on a high P Alfisol.

Materials and Methods
During kharif (soybean) 2012, the experiment was laid out in split plot design

consisting 3 main levels of inorganic P (0, 30 and 60 kg P20s ha') and 5 sub
levels of organics (no organics, PSB, biochar, humic acid and citric acid). In rabi
(onion) 2012-13, the experiment was laid out in split-split plot design, with 2 sub -
sub levels (no application, application of best combination from kharif to study the
residual and cumulative effects respectively). For this all the plots were divided
into two equal halves. For one half, neither inorganic P nor organics were applied
to know the residual effect on onion grown during rabi after harvest of soybean
crop. In another half, the best combination from kharif was applied to study the
cumulative effects. For all the treatments N and K were be applied uniformly at the
rate of 30 kg N ha! and 40 kg K20ha! for soybean, 150 kg N ha! and 60 kg
K20ha'! for onion in the form of urea and MOP respectively. Inorganic P will be
applied in the form of DAP and N was adjusted with urea.

The experimental soil was sandy clay loam in texture, slightly alkaline (pH 7.64) in
reaction, non-saline (0.195 dS m-*) in nature and medium in organic carbon (0.57
%). The soil was low in available nitrogen (177 kg N ha-"), high in available
phosphorus (29.9 kg P ha'') and potassium (449 kg K ha-') [Table-1]. Seed yield
of soybean and bulb yield of onion was computed.

The data on various parameters was statistically analysed following the method of
analysis of variance for split and double split designs and the significance was
tested by ‘F’ test [3]. Critical difference for comparing the treatment means and
their interactions were calculated at 5 per cent level of probability.

Results and Discussion

Seed Yield of Soybean

Inorganic P at 30 and 60 kg P20s ha'" across the organics significantly increased
the mean seed yield of soybean to 1899 and 1683 kg ha- over 1389 kg ha-'in the
control which accounted for 36.7 and 21.2 per cent higher yield respectively.
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However, the highest level of inorganic P resulted in 11.4 per cent decreased yield
when compared to 30 kg P20s ha! [Table-2]. This could be due to the antagonism
of P with other nutrients like zinc that prevents their assimilation. Due to the
excess P the growth of soybean crop is suppressed [4].

Table-1 Soil physical, physico-chemical and chemical properties of the
experimental site

Name of the property ‘ Value ‘
Sand (%) 72.04
Silt (%) 74
Clay (%) 20.56
Textural class Sang’ n? ay
e )
EIectricaI_ conductivity (dS m-) 0195
(1:2.5 soil : water)
Organic carbon (g kg') 5.7
Available nitrogen (kg ha!) 17
Available phosphorus (kg P ha'") 29.9
Available potassium (kg K ha'') 449

The mean seed yield of the soybean with biochar was 2077 kg ha-', which was
significantly higher against the control seed yield of 1329 kg ha-!, PSB seed yield
of 1287 kg ha-"and citric acid yield of 1463 kg ha!. However, the seed yield put
forth by biochar and humic acid were at a par with the per cent yield response
being 56 and 55 per cent respectively, across the inorganic P application. The
beneficial effects of biochar are determined primarily by some of its properties like
high porosity, responsible for its high water retention capacity; high cation
exchange capacity, which favours the retention of nutrients and intercept their
losses and it has the ability to habitat most of the beneficial organisms, which can
increase the release and uptake of nutrients by plants [5,6]. Beneficial effects of
humic substances were shown on plant growth, mineral nutrition, seed
germination, seedling growth, root initiation, root growth shoot development and
the uptake of macro and micro nutrients, in addition to the claim that 1kg of HA
can substitute for 1 ton of manure [7-10].

Table-2 Effect of organics, inorganic P and their interaction on seed yields (kg
ha!) of soybean

Seed yield
Inorganic P levels (P20s kg ha!)

No organics 938 1507 1541 1329
PsB 1311 1253 1295 1287
Biochar 177 2453 2062 2077
Humic acid 1906 2283 1996 2062
Citric acid 1074 1796 1517 1463
Mean 1389 1899 1683
SEm+ CD (P=0.05)

Main 25 98

Sub 53 155

Main at Sub 92 269

Sub at Main 65 195

When organics were applied alone, humic acid recorded significantly higher seed
yield of 1906 kg ha-' over the yields obtained with the control, PSB and citric acid
treatments. However, it was on a par with the biochar. Integration of inorganic P
at 30 kg P20s ha" with biochar showed significantly higher seed yield of 2453 kg
ha, which was 63.1 per cent higher when compared to inorganic P at 30 kg P20s
ha-* when applied alone. The beneficial effects of biochar are more pronounced

when applied in combination with inorganic nutrients rather alone [11]. Biochar
has the potential to ameliorate P leaching in soils with light textures, a common
problem in fields containing excess soil P concentrations [12].

At highest level of 60 kg P20s ha, the yields declined non significantly except with
biochar where the decrease was significant.

Bulb Yield of Onion

A perusal of the data presented in [Table-3] indicates that the onion yield was
influenced significantly by the residual and cumulative effects of inorganic P,
organics, and their interaction. However, the two way interactions were not
significant.

MT: Mean onion yield showed a significant increase from 16.6 t ha"' when
inorganic P was not applied to 20.1 t ha-* with 30 kg P20s ha accounting to a
response of 21.1 per cent across the organics and mode of effect (residual/
cumulative effects). However, the mean yields obtained due to 30 and 60 kg P20s
ha! were at a par. Phosphorus fertilization increases the absorption of P that
encourages root growth and absorption of other nutrients. Improved plant nutrition
encourages plant growth and yield.

ST: Among the organics, biochar application lead to a statistically significant
positive effect on both biomass and yield. Biochar resulted in a significant increase
in mean onion yield to 22.1 t ha* against 15.8 t ha' when organics were not
supplemented, the yield response being 39.9 per cent across inorganic P and
mode of effect. Biochar addition can increase crop production by improving the
physical (viz., soil bulk density, soil structure and soil porosity) and chemical (viz.,
surface area per unit weight and charge density) properties and soil fertility via
effects on the microbial community [13-15]. So, biochar has the potential for
reducing the N fertilizer requirement while maintaining crop yield [16]. It has been
hypothesized that long term effect of biochar on nutrient availability and uptake is
due to increase in surface oxidation and CEC [17].

SST: Among the mode of effect (residual/cumulative), cumulative effect was found
to show significant influence resulting in a mean yield of 21 t ha- which was higher
by 22.1 per cent as against 17.2 t ha' due to the residual effect. Cumulative
application of 50% reduced level of inorganic P (30 kg P20s ha') along with
biochar to onion, the treatment found to fare well with soybean, showed
significantly higher yield than the residual effect across organics and inorganic P.

MT at ST: Al the organics were found superior to the treatment that did not
receive organics in respect of onion yield. When inorganic P was not applied to
soybean, biochar resulted in a significantly higher mean yield of 18.9 t ha-! against
14.2 t ha''in the treatment that did not receive any organics resulting in a 33 per
cent increase in the yield. However, biochar and humic acid were comparable in
the yield and at a par. While, at 30 kg P20s ha-!, among the organics, biochar
resulted in a significantly higher mean yield of 23.1 t ha-' against 16.4 t ha-' when
organics were not supplemented, the increase in the yield being 40 per cent. At
this level, also biochar and humic acid were on par with each other. At the highest
level of inorganic P i.e., 60 kg P20s ha', biochar was superior among all other
treatments put forth a mean yield of 24.2 t ha* across the mode of effect. The
yields of onion increase due to the integration of RDF with organic manures [18].

MT at SST: When the mode of effects were compared across the organics, at all
the three levels of inorganic P the cumulative effect was found to be significant
resulting in the mean yields of 19.1, 22.0 and 21.9 t ha", respectively at 0, 30 and
60 kg P20s ha'' against 14.2, 18.2 and 19.3 t ha-'of mean yield due to the residual
effect. While the mean yield due to the cumulative effect at 30 and 60 kgP20s ha-!
were at a par. This shows that the nutrient supply due to the cumulative
application of the 30 kg P20s ha'' along with biochar at 5 t ha-'level applied to
soybean was sufficient to meet the crop requirement for putting optimum yields.

ST at MT: Application of 30 kg P20s ha'' alone to the soybean across organics
and mode of effects resulted in a mean onion bulb yield of 16.4 t ha-' against 14.2
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tha in the control, the per cent increase being 15.5 per cent. However, 30 and 60
kg P20s ha' levels were on par with each other. Similar response up to 30 kg
P20s ha'! level was observed when integration was exercised with the organics. At

this level of inorganic P, the combination with biochar showed significantly higher
yield of 23.1 t ha-'. Similar yields of onion (Agrifound light red) i.e., 31.18 and
23.60 t ha-' obtained respectively in 2004 and 2005 years [19].

Table-3 Residual and cumulative effects of organics, inorganic P and their interaction on onion yield (t ha-')
Inorganic P levels (kg P.0sha-') -Main treatments

Means

Organics- 0 30 60 Mean for
Sub Organics
treatments ~ Residual = Cumulative =~ Mean Residual ~ Cumulative =~ Mean Residual ~ Cumulative ~Mean Residual  Cumulative
No ' 1.9 165 | 14.2 145 183 | 164 16.3 175 | 169 14.2 175 15.8
organics
PSB 130 187 | 158 175 229 | 203 184 225 | 204 16.3 214 18.8
Biochar 16.3 215 | 189 212 249 | 234 226 258 | 242 20.0 241 221
Humic acid 16.1 211 18.6 213 233 | 223 210 233 | 222 19.5 226 2.0
Citric acid 13.6 178 | 15.7 16.5 206 | 185 18.0 206 19.3 16.0 19.6 178
Mean 14.2 19.1 16.6 18.2 220 | 2041 19.3 219 | 206 17.2 21.0 19.1
MT at SST at MT at
SST ST MTatSST  STatMT ‘ MT ST ST,SST at MT STSST
SEmt 03[ 02 0.1 04 03 04 03 0.2 03 05 03 0.1
cD
(P=0.05) 111 06 0.4 12 12 11 08 06 08 NS NS NS

ST at SST: Among the organics, biochar application to soybean was found to be
benefited more due to the cumulative application of resulting in a mean yield of
24.1 t ha! against 20.0 t ha-' due to the residual effect, the yield response being
20.5 per cent. While, when organics were not applied the corresponding yields
were 14.2 and 17.5 t ha' resulted by residual and cumulative effects. Biochar
could hold the native and applied nutrients and supply slowly over a long period
and increase the use efficiency of applied inorganic P. This might be the reason
for the residual effect of biochar. While, when the short term nutritional
requirements of the crop are met from the conjunctively applied 30 kg P20s ha!,
the long term requirements are met from the application of biochar.

SST at MT: Due to the residual effect, the mean bulb yield showed an increase
from 14.2 t ha-' in the control to 18.2 and 19.3 t ha-* respectively, due to the 30
and 60 kg P20s ha'. The mean yield increase due to the cumulative effect was
from 19.1 t ha! in the control to 22.0 t ha-" at 30 kg P20s ha'". Later, it showed a
marginal decline in yield, however, the mean yields obtained due to 30 and 60 kg
P20s ha'' were at a par.

SST at ST: In the residual effect, all the organics were found to be significant over
no organics. Among the organics, biochar was found to be superior with a mean
yield of 20 t ha-* against 14.2 t ha! in no organic treatment and it was on par with
humic acid. There was an increase in yield by 3.3 t ha' due to the cumulative
effect, the mean yield increasing to 17.5 t ha*, when organics were not applied.
Cumulative effect over biochar addition to soybean increased mean onion yield to
241 tha". Since onion needs large quantities of nutrients, the amount of nutrients
supplemented from the previous season’s application might not be sufficient and
because of that the crop responded to the integrated application of reduced level
of inorganic P and biochar.

Conclusion

In soybean, Inorganic P at 30 and 60 kg P20s ha'* across the organics significantly
increased the mean seed yield of soybean to 1899 and 1683 kg ha-' over 1389 kg
ha! in the control which accounted for 36.7 and 21.2 per cent higher yield
respectively in a high P soils. The mean seed yield of the soybean with biochar
was 2077 kg ha'', which was significantly higher than the control seed yield of
1329 kg ha-'.

In onion, among the organics, biochar application led to a statistically significant
positive effect on both biomass and yield. Biochar resulted in a significant increase
in mean onion yield to 22.1 t ha' against 15.8 t ha'! when organics were not

supplemented, the yield response being 39.9 per cent across inorganic P.
Cumulative effect was found to show significant influence resulting in a mean yield
of 21t ha! which was higher by 22.1 per cent than 17.2 t ha-! due to the residual
effect.

Acknowledgement / Funding:
Thanks to all the Professors and staff of the Dept. of Soil Science and Agricultural
Chemistry, College of Agriculture, Rajendranagar, Hyderabad helped for
completion of my research work.

Author Contributions:

This is part of my Ph.D Thesis work at College of Agriculture, Rajendranagar,
Professor Jayashankar Telangan State Agricultural University (PJTSAU),
Hyderabad

Ethical approval: This article does not contain any studies with human
participants or animals performed by any of the authors.

Conflict of Interest: None declared

References
11 YanXL. Beebe S.E. and Lynch J.P. (1995) Crop Science., 35, 1094-1099.

[2] Nautiyal. C.S., Bhadauria S., Umar P. K., Lai H., Mondal R and Verma D.
(2000) FEMS Microbiology Letters, 182, 291-296.

[3] Snedecor G.W and Cochran W.G. (1967) Statisical Methods. Oxford and
IBH Publishing Company, New Delhi. 331-334.

[4] CaiB.Y., ZuWand Ge J.P. (2004) Soybean Science, 23, 73- 280.

[5] Atkinson C.J., Fitzgerald J.D and Hipps N.A. (2010) Plant and soil., 337, 1-
18.

[6] Sohi S, Krull E., Lopez-Capel E and Bol R. (2010) Advances in Agronomy,
105, 47-82.

[7] NardiS., Pizzeghello D., Muscolo A and Vianello A. (2002) Soil Biology and
Biochemistry, 34(11), 1527-1536.

[8] Buyukkeskin T., and Akinci S. (2011) Fresenius Environment Bulletin,
20(3), 539-548.

[9 Celik H., Vahap K.A., Bulent A.B and Turan M.A. (2011) Communications in
Soil Science and Plant Analysis, 42(1), 29-38.

[10] Tahir M.M., Khurshid M., Khan M.Z., Abbasi M.K and Kazmi M.H. (2011)

Pedosphere, 21(1),124-131.

International Journal of Agriculture Sciences
ISSN: 0975-3710&E-ISSN: 0975-9107, Volume 8, Issue 62, 2016

||BioinfoPublications||

3517



Residual and Cumulative effect of Organics and Inorganic P on Soybean (Glycine max L) Onion (Allium cepa L) Production System in a High P Alfisol

[11] Baronti S., Alberti G., Vedove G.D., Gennaro F.D., Fellet G., Genesio L.,
Mglietta F., Peressotti A and Vaccari F.P. (2010) ltalian Journal of
Agronomy, 5, 3-11.

[12] Novak J.M., Watt W.D, Hunt P.G and Stone K.C. (2000) Journal of
Environmental Quality, 29, 1310-1315.

[13] Chan K.Y., Zwieten L.V., Meszaros I., Downie A and Joseph S. (2007)
Assessing the agronomic values of contrasting char materials on an
Australian hard setting soil. 1Al conference, New South Wales, Australia.

[14] Lehmann J., Rilig M.C., Thies J., Masiello C.A., Hockaday W.C and
Crowley D. (2011) Soil Biology and Biochemistry, 43, 1812-1836.

[15] Novak J.M., Busscher W.J., Laird D.L., Ahmedna M.A.,, Watts D.W and
Niandou M.A.S. (2009) Soil Science, 174, 105-111.

[16] Zwieten LV., Kimber S., Morris S., Chan K.Y., Downie A., Rust J., Joseph
S and Cowie A. (2010) Plant and Soil., 327, 235-246.

[17] Liang B., Lehmann J., Solomon D., Kinyangi J., Grossman J., O'Neill B.,
Skjemstad J.0., Thies J., Luizao F. J., Petersen J and Neves E. G. (2006)
Soil Science Society America Journal, 70, 1719-1730.

[18] Jayatilake P.K.S., Reddy I.P., Srihari D., Neeraja G and Reddy R. (2002)
Vegetable Science, 29 (2), 184-185.

[19] Chandrika V and Reddy D.S. (2011) Journal of Research ANGRAU, 39(3),

21-25.
Abbreviations:
@ : atthe rate of
CD ; Critical difference
CEC ; Cation exchange capacity
dSm ; Deci Siemens per meter
DAP : Diammonium Phosphate
EC ; Electrical conductivity
etal. : and others
HA : Humic acid
ha : hectare
ie., ; that is
kg ha't ; kilogram per hectare
kg : kilogram
K : Potassium
mM : milli molar
MOP ; Muriate of potash
MT : Main Treatment
N : Nitrogen
P : Phosphorus
PSB ; Phosphorus Solubilizing Bacteria
P20s : Di phosphate penta oxide
pH ; Logarithm of hydrogen ion concentration
p ; Para
RDF : Recommended dose of fertilizer
SEm+ : Standard error of means
ST ; Sub Treatment
SST ; Sub Sub Treatment
tha' : Tonnes per hectare
viz,, ; Namely
% ; Per cent

= : Equals to
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