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Abstract

A field study was conducted to analyze the effect of long term use of organic and inorganic fertilizers on
productivity and soil fertility under paddy-sesame cropping system. Application of 100% NPK + secondary
and micro-nutrients based on soil test (T;) showed significantly higher mean grain yield of paddy (4735
kg/ha) and sesame (460 kg/ha) and rice equivalent yield (5348 kg/ha) followed by application of 50% NPK +
50% N as Farmyard manure (FYM) + inorganic source of micronutrients as per soil test (T,). Whereas,
application of 50% recommended dose of nitrogen (RDN) through FYM + bio-fertilizers for N +
Recommended dose of phosphorus (RDP) through rock phosphate + phosphorus solubalizing bacteria (PSB)
showed significantly least mean grain yield of paddy (3209 kg/ha) and sesame (314 kg/ha) and rice
equivalent yield (3628 kg/ha). Further, among organic treatments (T, to Te), higher mean grain yield of
paddy (3834 kg/ha), sesame (326 kg/ha) and rice equivalent yield (4269 kg/ha) as compared to other
treatments was recorded following the application of one third of RDN through FYM + one third of RDN
through vermicompost + one third of RDN through neem cake + bio-fertilizers containing N and P carriers
(Te). Whereas, higher nutrient status with respect to major and micronutrients and the improved soil fertility
status was recorded in organic treatment plots. The application of nutrients through organic sources would
improve the soil fertility status under paddy-sesame cropping system.

Introduction

In the recent past synthetic fertilizer became a target of criticism, mainly because of its heavy
use in the developed countries that having an adverse impact on the environment through nitrate
leaching, eutrophication, greenhouse gas emission, heavy metal uptake by plants and also led to
multi-nutrient deficiencies. Their deficiencies are continuously increasing particularly Zn, B, Fe,
Mn, Cu, Mo in addition to sulphur (Bumb and Baanante 1996). Later in order to avoid hazards on
soil by heavy use of inorganic fertilizers in the mid 1990s, the concept was developed in the
developing country like India i.e., integrated nutrient management (INM) that includes inorganic,
organic and bio-fertilizers, later augment the use efficiency of applied fertilizers to soil along with
building of fertility in soil. This helps to explore the alternative potential source of plant nutrients
with minimal use of mineral fertilizers. Organic matter is of great importance for the maintenance
of soil structure, soil bioactivity, soil cation exchange capacity and water holding capacity (NFDC
1998).

Rice is the most important cereal crop next to wheat in the world. In India, it ranks first in
area and production. In the world it is grown over an area of 161.4 m ha with an annual production
of 479.3 million tones with a productivity of 4400 kg/ha. In India, it is cultivated over an area of
43.9 m ha with an annual production of 106.3 million tones and with a productivity of 2419 kg/ha
(Anon. 2016-17). In Karnataka, it occupies an area of 14.1 lakh hectares with a total production of
39.5 lakh tones and productivity of 2940 kg/ha (Anon. 2016-17).

*Author for correspondence: <gaddisoil@gmail.com>.


mailto:gaddisoil@gmail.com

586 GADDI et al.

Rice-based cropping systems form an integral part of agriculture in Karnataka. Several
intensive rice based cropping systems have been identified and are being practiced by the farmers.
Intensive agriculture practices involving high vyielding varieties of rice and other crops
resulted in heavy withdrawal of nutrients from the soil coupled with imbalanced and
discriminate use of chemical fertilizers resulted in deterioration of soil health (John et al.
2001). Continuous cropping results in rapid decline in soil fertility and thus requires a special
attention.

Adequate nutrient supply through inorganic and organic fertilizers source for better rice
production and sustaining the soil health is a high priority. Integrated use of inorganic and organic
source of plant nutrients has a tremendous potential not only in sustaining agricultural productivity
and soil health but also in substituting a part of fertilizer requirement by organics. In order to
improve the supplies of all the essential plant nutrients and also to maintain soil health, it is
necessary to use organic and bio-fertilizers viz., FYM, vermicompost, neem cake etc., and in
conjunction with inorganic fertilizers (Subramaniyan et al. 2000). Therefore, the present
investigation was carried out to find out the effect of long term use of organics on yield and soil
fertility under paddy-sesame cropping system in north eastern dry zone (Zone-111) of Karnataka
state.

Materials and Methods

The organic farming experiment was initiated during 2003-04 at Agricultural Research
Station, Siruguppa, USA, Raichur in a non replicated design with an plot size of 17 m x 18 m on
rice-sesame cropping system. The experiment was conducted at vertisol soil type and soils are
clayey in texture. The soils are slightly alkaline in soil reaction (8.09) and low in soluble salt
concentration (0.39 dS/m). The soils were high in organic carbon content (0.59) and low in
available N (221 kg/ha), and medium in available P (24.5 kg/ha) and rich in available potassium
(324 kg/ha) and overall status indicates soils are low to high in fertility. The rice crop was grown
during kharif (5th August) and followed by sesame during summer (15th December) and varieties
used for study were Mugad suganda for rice crop and TDSS-9 for sesame crop. The recommended
dose of fertilizer (RDF) used for rice crop was 150 : 75 : 75 kg NPK/ha as per the package of
practices recommended for Zone-I11 of Karnataka. The experiments composed of treatments viz.,
T1:50% NPK + 50% N as FYM + inorganic sources of micronutrients as per soil test, T,: /s RDN
(FYM) + 1/3 RDN (VC) + 1/3 RDN (Neem cake), T3: T, + intercropping or trap crop, T4: T, +
agronomic practices for weed and pest control, Ts: 50% RDN (FYM) + bio-fertilizer for N+ RDP
(Rock phosphate) + PSB, Tg: T, + bio-fertilizer containing N and P carriers and T;: 100% NPK +
secondary and micronutrients based on soil test.

The sesame crop was grown as a residual crop without applying any fertilizers. The year wise,
yield was recorded for both crops and also rice equivalent yield (kg/ha) was calculated considering
the price of both the crops in the respective year and it is calculated using the formula REY
(kg/ha) = {[Grain yield of rice (kg/ha)] + [(Grain yield (kg/ha) of Sesame x price of sesame
(Rs)/price of rice]}. To arrive, SEm + and CD, the RBD analysis (Gomez and Gomez 1984) was
carried out taking into consideration of year as replication against number of treatments from 2008
- 09 to 2012 - 13. Data were assessed by DMRT (Duncan 1955) with a probability (p < 0.05). The
year- and treatment wise surface soil samples from 0 - 15 cm depth were collected for soil fertility
assessment. The post harvest soils collected were analyzed for their soil pH and EC (dS/m) in 1:
2.5 soil to water ratio as described by Jackson (1958). The soil organic carbon was determined by
wet oxidation method as described by Walkely and Black (1965). Similarly, the soil available
nitrogen was determined by alkaline permanganate method as outlined by Subbiah and Asija



EFFECTS OF LONG TERM USE OF ORGANIC AND INORGANIC FERTILIZERS 587

(1959). Available phosphorus was determined by Olsen method and available potassium was
determined by neutral normal ammonium acetate solution using flame photometer as outlined by
Jackson (1958).

Results and Discussion

The mean grain yield of rice, sesame and rice equivalent yield were significantly influenced
by the application of 100% NPK + secondary and micronutrients application based on soil test
(T-) over the combination of inorganic and organic fertilizers in combination and organics in alone
(Tables 1 and 2). Results revealed that, application of 100% NPK + secondary and micro-nutrients
based on soil test showed significantly higher mean grain yield of paddy (4735 kg/ha) and sesame
(460 kg/ha), and rice equivalent yield (5348 kg/ha) as compared to other treatments. Whereas,
application of 50% RDN through FYM + bio-fertilizers for N + RDP through rock phosphate +
PSB (Ts) showed significantly least mean grain yield of paddy (3209 kg/ha) and sesame (314
kg/ha) and rice equivalent yield (3628 kg/ha). Further, among organic treatments (T, to Tg),
application of one third of RDN through FYM + one third of RDN through vermicompost + one
third of RDN through neem cake + bio-fertilizers containing N and P carriers (T¢) showed higher
mean grain yield of paddy (3834 kg/ha), grain yield of sesame (326 kg/ha) and rice equivalent
yield (4269 kg/ha) as compared to other treatments. On the contrary seed yield of sesame was
almost stable with application of inorganic and organic fertilizers alone or in combination. The
higher rice and sesame yield with application of inorganic fertilizers might be due to the higher
and quickly availability of nutrient from the inorganic fertilizers, whereas, due to the mismatch of
nutrients release from the organic sources and crop demand as influenced by seasonal conditions
in the initial years might have caused the lower yield in organic fertilizer use treatments. A 20 -
30% less yield of crops in organic farming was reported by Rajendraprasad (2006) and
significantly reduction in rice yield of 15 - 20% in the initial years by the application of organics
when compared to inorganic sources was observed by Surekha et al. (2010). The application of Zn
and sulphur based on the soil test values along with the supply of major mineral fertilizers viz.,
NPK might have maintained higher yields over years than the organic fertilizer application. The
substitution of organic fertilizers viz., vermicompost, FYM and neem cake for the inorganic
fertilizers over period did not influence much the yield levels of rice and sesame in inorganic
fertilizer treated plots. These results were in conformity with the findings of Sharma and Singh
(2004) who reported the recession to the crop yields during initial phase of transition from
conventional to organic agriculture and recovery in yields after 2 - 3 years.

The soil nutrient status (Tables 3 and 4) indicated that there was significant increase in the
organic carbon content and available nitrogen in soil by the application of organic fertilizers (T, to
Te) and in combination of organic and inorganic fertilizers (T,). However, the use of inorganic
fertilizers (T;) alone recorded lower content of organic carbon (0.67%) and did not influence its
increase much in the soil. The organic carbon and available nitrogen content in soil ranged from
0.67 to 0.97 per cent and 219 to 235.6 kg/ha, respectively. This is mainly due to the organics,
which are rich in organic carbon and might have involved in the buildup of soil micro flora and
resulted in the higher available nitrogen content in soils. However, relatively higher content of
available P and K were also observed in the organic treated plots (T, to Tg) and in combination of
organic and inorganic plots (T;) when compared to inorganic applied plots (T;) and they were at
par with each other. However, the per cent average increase in organic carbon buildup in soil by
use of organic fertilizers was observed to the tune of 19.1 - 38.2 per cent and available P to the
extent of 10.4 - 27.0 per cent when compared to the inorganic treated plots (T7). The numerically
higher content of P and K was also observed in the organic and organic + inorganic treatments
(Table 3). In contrast, the micronutrient content of Zn (Table 5) was higher (1.1 mg/kg) in



GADDI et al.

588

01€S (so'0=d) a@d
B8YES 6599 161¥ €661 0SSS 159} [10S UO PaSeq SJUSLINUOIdIUL pue A1epuodas + AN %00T:4L
2969Z¢  60¥9 €I1¢ STYE LTIV SISLLIED J Pue N SUIUIEjuod IAZI[1I9J-01q +41, L
9879¢  TSO0S LS8T y0vC 00TH €Sd + (sreydsoyd 300y) JAY +N 10§ I9Z1[1195-01q + (WA NAH %08 *L
SP099¢ 9¢1I¢S 720¢ €STC LTV [013u0d umom pue paam Ioj meoﬁomua OMEOQO.&& + NH ”v.ﬁ
9poL88E 9865 9062 SLYT 181¢ do1o dex 1o Surddoxoxojur + ¢ (£,
pPoqILIY  €I8S ¥65€ 0t0€ SeTy (o380 WddN) N E/T+ (DA) NAY €/1 + (NAD) N €/1 L
ag9Sy  T66S L99¢€ S6LE L6LY 1893 [108 1od SE SJUSLIINUOION JO SOINOS JMUESIOUL + N X S8 N %05 + AdN %05 'L
€1-710C  CI-110C  01-600T 60-800T
UuBOIN (ey/3Y) pIoi£ judreamba 2oty SJUSWIEL],

‘wd)sAs Surddoad swresas-Apped 1opun ppaIk jJudfeAmba 3911 U0 sAMULSI0 JO ISN ULIY) U0 JO JNRYH T d[qeL

‘sugaw Jo uoneiedas 10§ TYNA

01 SuIp1099. G()'( > d 18 JUSISYIP APULIYTUSIS oIe SUBSUI JUSUIIEAI) JR[) 9JeOTPUI UUIN[0O SUILS S} UTY)IM SISNS] 9SBOIOMO] JUSIJJIP ‘Iojowrered yoes 10,

00L 0'89¢ (so0=d ad

159) [10S UO Paseq SJUSLINU OIOTUX

B9y LSS 8IS 0ve 949 BGELY 916S 00S¢€ €L9Y 058y pue A1epuodas + SN %001:-1L

SIOLIIED J pue N

q99T¢ (4474 L8T 1414 08¢ qpE8E 9¥8¢ 0€LT orie 029¢ Sururejuod 1ozI[1IeJ-01q +51, 01,

4sd + (ereydsoyd

300Y) d(Y +N 10§ 19zI[119]

arie 96¢ 6LC L0T SLE P60TE 14494 S8YC 8CIT 00LE 019 + (INAA) N %05 L

Jfonuoo 3sad pue paom

q9Q91¢ 1314 944 PSl 08¢ p8ETE 6871 $69¢ 8¥0T 0TLE Joj seonoeld orwouoide 421, 7L

dox

aree 0Ly 11T 1T 86¢ Po9SYE  6SES $§79T 8817 0S9€ dex 1o Surddorozoqut + 1L 1L

(o7e0 wedN) NN €/1+ (DA)

qcie 944 20¢ 10T 10v PoaysLE 0Tzs Seee CLLT 00LE N €/1 + WAL NAF €/1 4L

159} [10s 1od Se SHUSLINUOIOTUX

JO s201n0s omuegIour +

q9zre (444 333 00T 0l 4,01 6TPS (1443 87S¢ 0sTy NAA S8 N %08 + JdN %06 'L
€1-710C  TI-110T  01-600C  60-800C €1-210C ¢I-T10T 01-600C  60-800C

UBIIAL (ey/3y) swesas Jo P[AIA ureln) UBSN (ey/3) Apped jo pJo1k urein SJuAUIBAL],

‘wd)sAs Jurddoad swresas-Apped Jopun Apped Jo ppoIA ureI3 uo sIMUESI0 Jo ISN ULIY) FuO] JO 3T T dqeL



589

EFFECTS OF LONG TERM USE OF ORGANIC AND INORGANIC FERTILIZERS

L00 SN SN (so0=d) ad

1S3} JI0S UO paseq sjuarnnu oo

9,90 S9°0 890 0L0 990 ®EHO 8€0 IS0 0 I¥0 BSOS TI'8 908 008 008 pue A1epuodas + AN %001:4L

SIQuIRd J pue

as8'0 6L0 980 080 S60 ®BOVO 9€0 SPO 9€0 TH0O ©B60'S 0I'S €08 TI'S O0I'S N Surureuod 10ziniop-orq +41, 0L

dgSd + (sreydsoyd

300y) dAY +N 10§ IOZI[1IS}

qz8'0 ¥L0 $80 80 S80 ®BEYO 8E€0 IS0 IO I¥0 ®9O'S IT8 €08 008 008 -01q + (INAJ) NQ¥ %05 5L

101309 umvm pue paam

BG6'0 880 L60 880 80T ®IY0 LEO PO THO Ob0 €808 CTI'8 808 008 OIS 10§ soonoeId STWou0IY +21 L

BE6'0 60 060 60 S60 ®EEO I€0 TS0 HEO SEO BEI'S 818 L0 91’8 0I'S  dom den o Surddomrojur + 21 €L

(a3e0 WaaN) N €/1 + (OA)

BL6'0 L8O TOT 860 CTOT ®BEO TEO 9¥0 HEO 9€0 BIT'S SI'8 808 TI'S 808 N €/1+ (WAL N €/1 4L

189} ZOm 19d se wEoEﬁEO.HOWE

,wo $32IN0S oawwuoﬁb

9e8'0 080 +¥80 +80 €80 ®BEEO LEO FYO IO FEO ©®60S TT8 €08 808 TOS  +INAASEN %0S + AdN %08 'L
€l 4 01 60 ¢l 4 01 60 ¢l 4 01 60

wes]N  -C10C -110C -600T -800C UWed]N -CI0C -110T -600C -800T UBSN -TI0T -110T -600T -800T SJUSUIIEAI],

(%) DOS (wy/Sp) DF Hd

‘wd)sAs Surddoad suresas-Apped Jopun A[IIJ [I0S UO SIIUBSIO JO ISN WLII) FUO] JO IR '€ dqeL



GADDI et al.

01’1 00S 00 09§ 1893 [10S UO Paseq SJUSLINU OIOTWI Pue ATepuodas + AN %001:4L
80 00€ OI't 08L SIOLLIED d pue N SUuIuIejuod 1ozIigf-oiq +51, 191
0v'0 YT 00L  08'L dSd + (sreydsoyd 3o0) Y +N 10§ I0ZI1IF-01q + (NAL) NAY %08 *.L
1+°0 99°'C 00’8 09°L 10109 3sod pue paam 10§ saonoeld orwouoide + 21 v,
70 99°C 089 0r's doxo dex 10 Surddoxozeyur + 7, :€],
0 00€  00L OFS (e37e0 weaN) N €/1 + (OA) N €/1 + (NAD) NA¥ €/1 4L
SL0 0T'¢ 0L 09°¢ 1893 108 19d se SJURIINUOIDTW JO SAINOS o.amwuoﬁ + INAA S N %06 + JIdN %0S ”_.H
/Bw)
uyz npH unN ER| JuduI)BAL],

*‘I1-0107 SuLmp SIIZIN.I9J JTUBSI0Ul pUE JIURSI0 AQ PIIUIN[UI SB SPUILIINUO.IINUI J[(B[IBAL [I0S JO SNIB)S °S d[qe ],

067 0 0¥l Soo=dao
159) [I0S UO Paseq sjusLnnu

eIy SPE  19¢ €€ 91€ Atz 61 ST 0T €T Q6lt <CIT TTT 81T it -o10TuI pue A1epuodas + AN %001:-L
SIOLLIRD

BGGE  TLE  ¥8€  IT€  I¥E Q9T  ¥C 6T LT ST BEET CEC 8T 0€C OvC  d Pue N SUUIBUOD IOZI[IHJ-0Iq 4], L
gSd + (ereydsoyd 300y) 4@ +N

BZGE 8L OvE 08¢ 60€ QBLZ 0T 6T O LT 9QeETT 60T 9€CT ¥TT  vIT 10y 1eziniof-oiq + (NAL) NI %0S L
[onuoo 1sad pue

BZ9E T9€  ¥9€  OvE 08€ eYT 9T 0T ST ST BLET THT OIT THT TST Poam 10§ seondeId drouoIse 441, ¥ L,

BIyE 8bE LVE TEE  8EE QBYT TT 9T I 9T 9qeogc cer  8IT  0€C  IH¢ doo dex 10 Surddoxorojur + ¢, (€1,
(o1e0 weaN) N €/1+
BZ9E 68¢ SSE€  9vE 8SE  ®8T LT ¥T LT €€ QeIET TET TET 8IT  I¥T (OA) Na¥ ¢/1 + (WAL NAY €/1:4L

1593 [10s 1od
SE SJUSINNUOIONI JO S30INOS dTuegIout

BGGE 8 9¥E  8SE  €€€ qe9T ST 8¢ 0f 0T qrer _TIT  Tlr 81T SE€T + NAA SE N %08 + JIdN %08 :'L
€1 Tl 0l 60 €1 Tl 0l 60 €1 Tl 0l 60
210 _-110T -600T -800T -Z10T_-110T -600T -800T 210 -110T -600T -800T

UBSI (eu/8) 4 UES (ey/BY) d UBIN (ey/3Y) N SJUSWIIRAL],

590

‘wd)sAs Jurddo.ad suresas-Apped Jopun SHUILINU J[qR[IBAR [I0S UO SITUELSIO JO ISN ULII) SUO[ JO I H ‘b dqeL



EFFECTS OF LONG TERM USE OF ORGANIC AND INORGANIC FERTILIZERS 591

inorganic treated treatment (T,) and it was followed by T; (0.78 mg/kg). The increase in organic
carbon due to application of FYM has been observed by More (1994) and improvement of soil
organic carbon in soils of Ranchi by use of organic and inorganic fertilizers was also reported by
Sarkar et al. (2000). Although, the increase in the fertility status of soil by use of organics does not
have influence on the SEY over inorganic fertilizers.

Based on long term experimentation, it can be concluded that, the grain yield of rice and
sesame and rice equivalent yield (REY) were significantly influenced by the application of 100%
NPK + secondary and micro nutrients application based on soil test (T;) and in combination of
organic and inorganic fertilizers i.e., 50% NPK + 50% N as FYM + inorganic sources of
micronutrients as per soil test (T,) over the organics. Soil nutrient status viz., soil organic carbon
content and available nitrogen in soil increased significantly and relatively higher content of
available P and K by the application of organic fertilizers in alone (T, to T¢) and in combination
of organic and inorganic fertilizers (T,) when compared to inorganic fertilizers (T-).
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