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ABSTRACT: An experiment was conducted during the Rabi season to study the effect of balanced fertilization on
mustard yield (var. RW-351; Bhagirathi) in rice-mustard-sesame cropping system in low productive multi nutrient
stressed red and lateritic soil. After comprehensive soil test report, yield target based recommendations for applications
of different plant nutrients (N, P, K, S and B) were also obtained for the crop. Based on these recommendations,
fourteen numbers of fertilizer treatments were prepared. With these, two more treatments were added are the state
fertilizer recommendation and the fertilization practice commonly used in the area by the farmers. Among different
treatments, the soil test based recommendation of N, K, S and B along with 25% higher level of P (N,,, P,Og ;.5 K2O
11,B S) appeared to be the most effective in improving various growth attributes, yield attributes and highest seed yield
(1.65 t ha') of mustard.
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INTRODUCTION

Red and lateritic soils constitute an important soil group in India occupying about 70 million hectares of land area of the
country [1]. These soils are usually low productive owing to occurrence of various soil related constraints like coarse
texture, low water holding capacity, acidity, poor availability of nitrogen and phosphorus, restricted occurrence of K,
low organic carbon status and toxic as well as inadequate occurrence of several secondary and trace elements [ 2].
Oilseeds contribute the second largest agricultural commodity after cereals in India sharing about 14% of the country’s
gross cropped area and accounting for nearly 5% of the gross national product and 10% of all national products [3].
Although the per capita availability of edible oils has increased from 4.0 kg per year in 1960-61 to 9.5-10.0 kg per year
in 2000-2001 in India, the consumption is still well behind the world average of 16.0 kg ha™ [4]. India’s resounding
success from its past green revolution has been followed by stagnating or declining agricultural productivity, even with
increased total fertiliser use in the country over the years. This declining factor of productivity is largely due to
imbalanced fertiliser use. The productivity of oilseeds in the country is only 840 kg ha * [5], much lower when
compared with the major oilseed producing countries of the world. The farmer’s of red and lateritic soil area seldom
cultivates mustard and productivity of the crop is very low. This situation has been aggravated further due to
indiscriminate use of N dependent imbalanced fertilization in these soil zones. Soils are inherently poor in bases and
other plant nutrients. However, they are responsive to agronomic management. The continuous downward trend in crop
production has been a matter of serious concern. Improving and maintaining soil fertility for productivity enhancement
is of paramount importance in sustaining crop production to maximize the yield levels in such soils. It is necessary to
adopt balanced fertilization schedules taking into consideration of all the deficient nutrient elements. In the present
study, therefore, an attempt has been made to assess the possibilities of increasing the yield potentials in a rice-mustard-
sesame cropping system in red and lateritic soils through soil test based balanced use of different nutrients. The
objective of nutrient management in agricultural soils is to achieve the required crop yield in an efficient, economical
and sustainable manner through removal of constraints including nutrient deficiencies [6,7].
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It also stated that soil test effectively distinguished soils with low and high profitability of crop response for most
nutrients [8], while reporting several case studies on balanced nutrient management, also emphasized the changes in soil
nutrient management strategies by estimating the system level nutrient use efficiency. With the escalating population in
the country, therefore, more and more emphasis is being given to reduce the gap between supply and demand of
oilseeds in the country by increasing the productivity levels of these crops. Adoption of proper nutrient management
practices forms an important component of such effort.

MATERIALS AND METHODS

The experiment was conducted during the Rabi season of 2002-03, 2003-04 and 2004-05 in a farmer’s field of village
Kendradangal of Birbhum district of West Bengal, India representing a typical red and lateritic soil. The field is situated
at 23°39' N latitude and 87°42' E longitude with an average altitude of 58.9 m above the mean sea level. The soil was
sandy clay in texture having pH 5.1, organic matter 1.3%, and available nitrogen, phosphorus and potassium 38.08,
44.80 and 197.12 kg ha™ respectively. Based on this report, fourteen treatment combinations were prepared and with
these, two more treatments were added which were the state fertilizer recommendation and the fertilization practice
commonly used in the area by the farmer. Mustard was cultivated after Kharif rice during the post monsoon period
using different fertilization doses.

T1 (N105 P 175 K 14OB S) T7 (N14O I3175K OB S) Ti3 (N140P140K112B S)
(Recommended fertilizer dose)

T2 (N14O P 175 Kl4OB S) T8 (N14O I3175K84B S) T14 (N105 P105K84B S)

T3 (Ny75 P17 K 140B S) T9 (N, P75 K;1,BS) T15 (Ngg P 50 Kyo)
(Farmers practice)

T4 (N140 P 0 K140 B S) T10 (Nl40 P175K 14OB ) T16 (NBO l:)40 K 40)

(State recommendation)
5 (N140 P105K14OB S) T11 (Nl40 P175K14OB S)
T6 (N140 P 140 Kl4OB S) le(NMO P 175K14O S)

Sulphur and boron were applied @16.80 kg ha™ and 1.12 kg ha™, respectively. The experiment was laid out in a
Randamised Block Design replicated thrice. The mustard (var. RW-351) was sown at a spacing of 20 cm x 10 cm.
Recommended package and practices were followed to raise the crop.

RESULTS AND DISCUSSION

Data on plant height, dry matter accumulation and CGR (Table 1) were influenced significantly by different levels of
nutrient application in all the three years i..2002-03, 2003-04 and 2004-05. Maximum plant height, dry matter
accumulation and CGR were recorded in the treatment receiving 140 kg N, 175 kg P,0s, 112 kg K0, 1.12 kg B and
16.80 kg S (Tg) and it was closely followed by T3 (N14oP140 K112BS) treatment. Although the treatment Tys (NgoP20Kz20)
and Tis (NgoP4oK4o) included smallest doses of N, P and K, yet the lowest plant height was found in the plot receiving
comparatively much higher doses of N and K along with B and S but with out P (T,). It is well known that availability
of P controls the uptake of different nutrients through its effect on extension of root activities. Greater height of plant
and dry matter accumulation receiving adequate and balanced nutrition might be due to better metabolic activities
performed by the crop at optimum fertility levels.

The variation of treatments using various combinations of nutrients showed significant effect on production of number
of branches per plant, number of siliqua per plant, number of seeds per siliqua. The maximum numbers of branches per
plant, number of siliqua per plant, number of seeds per siliqua (Table 2) were found in Ni4P175K112BS treatment (Ts)
and it was found to be at par with N14oP140K11,BS treatment (Ty3) in all the years under study. The significant variation
in number of branches per plant, number of siliquae per plant, number of seeds per siliqgua might be due to presence of
all the nutrients in more balanced and optimum manner in these treatments than the others. Considerably lower numbers
of siliqua per plant were recorded from the plot receiving no phosphatic fertilizer (T4) during all the three years of
experimentation. Since oilseed cultivation in India is largely carried out in low fertile soils, balanced management of
different productivity limiting soil nutrients is likely to be more important for increasing yield levels of such crops [9].
Seed yield, stick yield and oil yield of mustard (Table 3) varied significantly due to different nutrient combinations in all
the three years. Crops receiving 140 kg N, 175 kg P,Os, 112 kg K,0, 1.12 kg B and 16.80 kg S (Ty) produced the
maximum seed yield (1.69 t ha, 1.65 t ha*and 1.61 t ha™ during 2002-03, 2003-04 and 2004-05 respectively).
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Table 1. Effects of different treatments on plant height, dry matter accumulation (g m?) and crop growth rate
(CGR) of mustard

Flant height at 60 DAS Dry matter acaunulation o ; . \
Treatment %lrm) ) at G0 DAS (g 4 CGR during 4360 DAS

1% yr ™ yp 3 yp 1% yr 2 yI 3™ VI 1%y ond VI 3 ML

T1 (M5 Po0s 125 K20 140B 5 122.00be | 12428de | 12127 fg | 121911 | 129524 ¢| 127029 of| 7161 cd* | 67.09be | 7021 ¢
T2 My Po0s 125 Ko0 1408 B) 125220 | 13454ab | 12957 be | 1266.97 cd| 135619 ¢| 134424 ¢| 75.58b | 7005b | 7491 ab
T3 M5 B 05 135 K0 140B 8D 11857 cd | 11967 fgh | 11687 hij) | 1218351 | 1254.27h| 1239621 6941d | 6728bc | 6389 cd
T4 (Mo P20 (K0 10 B3 §7.07h 71.25] §7.10m | 71473k | 786931 | 771.37m| 4142f | 3683e | 4081f
T35 (Mg P05 105K20 140B 50 | 122.00be | 12513 cd | 122.3%ef | 123674 e (129954 dd 128015 de| 72.05¢cd | 6814 be | 7087 ¢
T6 (N, 4 PoOs 140 0 140 B B0 11922 ¢ | 12133ef | 11866¢gh | 1227 03 ef | 128425 1| 126156fg| 7127 cd | 6767 bc | 6984 ¢
T7 (Mg P05 12sK;0 B 8) 111.83e | 117360 | 113.98) | 119439 g | 1206191| 1188547 | 6634d | 65687¢c | 65634
T8 (Mg Po0s 19E0 5B 124.80b | 133170 | 12830cd | 1277.00bc| 129534 dd 127434 e| 71.62¢cd | 7067b | 7040¢
T9 M4y P,Os 12s K20 (B EY | 12900a | 13756a | 13574a | 136521a| 138387h| 139062a| 7622ab | 7524a | 7691 a
T10 (N PoOs 12:K,0 4B ) 12056 ¢ | 12120 efg [ 117 95 ghi | 122903 of | 127665 g[1254 34 gh| 7078 cd | 67 9%9bc | 6979¢
T11 (Mg PyOs 155EO 4B 2) | 124670 | 12851c | 12537 de [127057 bed 127529¢(125028hi| 7032cd | 7026h | 6885 cd
T12, 40 Po0s 12:E20 14 ) 11527 de | 11800fgh | 11523 hij | 126118d | 130256d|128937d| 7266c | 7018b | 7227 he
T13 M)40P205 140850 1B ) 12522h | 13529ab | 13261ab | 1281550 | 140517 a| 1370.55b| 7842a | 7046b | 7631a
T14 (Mygs Po0s 150 5B 3) | 11324 e | 11778¢gh | 114904) | 1171.3h | 125942h| 1243111| 6988cd | 64.22¢ | 6931 cd
T15 (Neg Po0s 20FL0 o) 2042 ¢ 109.001 105341 | 76867] | 84451k | 829501 | 4397f | 3923¢ | 43.00f
T16 (Ngp 205 450 o) 103.74F | 111781 | 10955k | 1012541 | 1041.56] | 1033.23k| 555%e | 5392d | 5541e

CD(P =005 345 344 352 12.12 7.31 10.95 278 4.00 3.86
o Values followed by common letters do not differ significantly

This may be due to adoption of soil test based balanced fertilization in this treatment [10]. This importance of P was
more pronounced from the observations that the lowest seed yield was noticed in the plot with good amount of
application of all the required plant nutrients excepting phosphatic fertilizer in T, (N,,P ;K,,,BS) in all the three years.
In addition, inclusion of S and B in the treatments produced significantly higher seed yields than the ones without S or B
(N P 175K 149 B 1.6 Tio0r Nyyy P17K 4o S iie. Typ). The role of S and B in activation of enzymes responsible for yield
increase in oilseed is well known. The treatments which received higher doses of NPK along with B and S resulted, in
general, in higher harvest index values indicating larger economic yield per unit of biological yield [4,11]. The results of
Sustainable yield index (SYI) values under different treatments confirmed that supply of adequate amount of required
plant nutrients in balanced manner forms the major key for sustaining the productivity levels of rice-mustard-sesame
cropping sequence in red and lateritic soils. While preparing the fertilization schedule, however, due considerations
should be given to the nature and properties of the soils with relation to use efficiency of the added fertilizers. In case of
any possibility of reduced use efficiency of any fertilizer due to some specific soil property, due compensation for the
expected reduction in efficiency should be made to enable the plants to get adequate nutrition from that fertilizer. Low
availability of P in red and lateritic soils due to high P fixing capacity appeared to be the major productivity limiting
constrain in the present study. Addition of 25% extra P as compensation to this high P fixing capacity helped to increase
the production levels and also to sustain the yields. Available nitrogen values depicting the easily mineralisable form,
varied significantly for various treatments during the three years of study (Table 4). Such variations were primarily
attributed to different doses of nitrogenous fertilizer added to the soils under different treatments. In general, the
treatments with higher dose of nitrogen resulted in higher amount of residual nitrogen in available form and vice versa.
This deficiency controls the productivity of such soils to a considerable extent. In the present investigation also, lower
availability of P in several treatments affected the production of mustard under the rice-mustard-sesame cropping
system significantly. While this behaviour may be primarily attributed to acute deficiency of P in red and lateritic soils
[12] and high P fixing capacity of the soils [13] appeared to play another important role in reducing the availability of
added P in these soils. The treatments where P was either not applied (T,) or added in smaller doses (Ts, T16) Showed
extremely low availability and this situation affected the yield levels. On the other hand, it was interesting to observe
that there was wide variation in availability of P in soil among the treatments where same dose of P was added. Again,
treatments where P was added in high doses but yielded low production due to imbalanced use of other nutrients also
showed low residual availability of P.
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The results, as a whole, show that while there is need of applying adequate amount of P fertilizer in red and lateritic
soils to provide P nutrition to the crops, the fertilization should be done in balanced manner along with other nutrients
so that good production of the crop may be obtained to utilize the added P. However, in view of the critical role played
by P is influencing productivity of red and lateritic soils and also the rapid rate of transformation of this nutrient element
to insoluble forms through P fixation [14], some measures need to be taken for reducing the quantum of P fixation in
these soils. Use of organic matter, split use of P fertilizer etc are known to improve the P use efficiency of soils by
reducing P fixing capacity of soils [13]. Use of K fertilizer in different doses tended to increase the residual available K
status (Table 5) in the soils depending largely on the doses of K applied in different treatments. There was a distinct
declining trend in the availability of residual K in soil after mustard cultivation for succeeding three years under the
treatment-7 where no K was included in the fertilization schedule.

Table 2. Effects of different treatments on number of branches per plant, number of siliquae per plant and
number of seeds per siliqua of Mustard

Treatment Number of branches per plant Number of siliquae per plant Number of seeds per si
1 yr and ) oy Fyr and o) 3oy Fiyr and o -
T1 MpsPals 195 KoO 4B 2) 1945e | 13781 | 1386cde | 12800g | 11923de| 11853d | 1067 gh [ 1091 d* | 1
T2 PpPa05 1750 (B 3) 2015¢ | 1624c | 16 05he | 147.00cd | 1392%9b | 1380306 | 1100fg | 13.01a | 1
T3 Mg Pa0s 195 EoO 0B ) 1923 e 11291 | 1321 cde | 107.33h 109.82f | 10836f | 1233be | 10.23g | 1
T4 (M P20s (K0 10 BE) 11.171 8.97k 885f 62.33k 54.69 4 51.37 9.671 5121 :
T5 (Mygg P2Os 10sE2C 140B 3 | 20676 | 1403F | 13.89cde | 157.33ab | 121.34cd| 120854 | 12.67b | 10.95d | 10
TE(MNygq PoOs 149 K20 10 B3 | 20500 | 1327¢g | 13 80cde | 151.67be | 11321ef | 11250e | 1233 be | 1067e | 1
T7 Map Po0s 145K,0 B 2) 1510 11431 11.35ef 93.001 9943 ¢ 9324 ¢ | 10.33h 2891 ‘
T8 (140 P05 15:E0 5B 8D 1792 | 1563d | 1542 cd 24001 12754 ¢ | 12687c | 1033h | 1243b | 1
TO(Mygq PoOs 195 K20 1B 3) | 21508 | 19944 19.64 a 16200 a 14756a | 14545a | 1333a | 13.06a | 1
T10 (140 Po0s 175E0C 146B ) 1860fF | 1254h | 1325 cde | 13433¢f 11173f | 10942 | 1200cd | 1054F | 1
T11 (Mg PoOg 19sE0 1B 8) | 1981d | 1506e | 14.93¢cd | 13967 ef | 12517ed | 12501c | 11.33ef | 1224¢ | 1
T12(0 40 PoOs 135E00 14 32 1745h | 1323 ¢ 11.23 ef 105.00 h 10154 g | 9937 g | 1067 gh | 10050 | 1
T13 (MNy4pPo05 190E0 112B 8) | 20035ed | 1957b | 1243 @b 16033 a 140580 | 140.28b | 1167de | 13.04a | 1
T14 (N s PoOs 105F,0 g B8) | 17450 | 13.87f | 1242def | 14133de | 10231¢g | 10088¢g | 10.33h 298h G
T15 Mgy PaOs a0 o) 1273k 2.27 ] 217f 7400 66.091 64.24 1 10.33h 732k I
T16 (Mg P05 40Fa 0 4o 15.05] 11.291 11.18 ef 106.67 h 9243 h 20680 | 11.33ef 351 E

CD( P =0.05) 0.33 D28 357 5.89 6.87 4.08 053 0.03

o Values followed by common letters do not differ significantly

The Tg (N4, P,O: ;7 K20 ,,B S), which resulted in highest seed yield of mustard during the three years of study, also
showed highest uptake of N,P and K(Table 6) due to varying yield rates of mustard which were, in turn, controlled by
different fertilizer doses. Treatment 9 (N,,,P,,:K ;,,BS), which resulted in highest production of mustard during all the
three years of study, showed highest removal of N,P and K by the crop which amounted to, on an average, 138.58 kg N
ha', 73.78 kg P ha™ and 164.37 kg K ha™, respectively. On the other hand, treatment 4 (N,,, P20, , K,O ,,, B S),

which resulted in lowest yield due to imbalanced use of fertilizers, showed, on an average, lowest uptake of N and P
from soil. Treatments 15 and 16 which also resulted in very poor yield rates also showed very low levels of nutrient
removal. Treatment 9, which included the required essential nutrients viz. N, P, K, B and S in adequate amount, resulted
in removal of 84.0 kg N ha* for each ton of mustard seed production. On the other hand, treatment 4, which consisted of
all N, K, B and S in almost the same dose like treatment 9 but did not include P in the fertilization schedule, resulted in
an average uptake of 364.9 kg N for every ton of mustard seed production. Even after this excessive high rate of N
uptake, the yield level of mustard in this treatment remained restricted to only 0.24 t ha™. This behaviour may be
explained to be due to the important role played by P in seed formation of plants [15]. Exclusion of P from the
fertilization schedule in T4 treatment (N14P20s o K20149BS), encouraged vegetative growth of the plants but inhibited
the seed production resulting in very high amount of N removal per ton of mustard seed production.. On the other hand,
the treatments which included adequate concentration of different nutrients in more balanced manner, showed almost
similar range of P removal per ton of mustard seed production.
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Uptakes of K were in lower side for the treatments-4, 15 and 16 which showed lower yield rates due to imbalanced and
inadequate fertilizer application. Treatment-7, which did not include K in the fertilization schedule, showed the lowest
removal of K per ha™. Although total K removal for mustard production per ha land area was comparatively lower in
treatment 4, this effected highest amount of K removal per ton of mustard seed production. Very low yield of mustard in
this treatment due to imbalanced use of fertilizers has been discussed earlier. This poor yield levels resulted in the high
rate of K removal per ton of mustard seed production in this treatment. On the other hand, treatment 7, which did not
include K in the fertilization schedule, showed lowest removal of this nutrient element for each ton of mustard seed
production. Overall results of uptake of the three primary plant nutrients under different fertilizer treatments of mustard
under rice-mustard-sesame cropping system shows that balanced and adequate use of fertilizers helped to record rational
uptakes of the three nutrient elements through the increased yield rates of the crops. On the other hand, imbalanced use
of fertilizers not only affected the crop yields but also resulted in larger removal of the nutrients per ton production of
the crops.

Table 3. Effects of different treatments on seed yield (t ha™), stick yield (t ha™), oil yield (Kg ha™) and Sustainable
Yield Index (SY1) of mustard

Seed vield (t ha'™h Stick vield (t ha™) Oil yield (Kghah)
1¥tyr and ¥r 3™ ¥r 1" yr ond VI 3 VI 1% yr and VI 3™ VI

Treatment SYI

T1 (MysPoOs 15 K0 0B 8 | 114 ef¥ | 121e | 1.17cd | 613h | 657F | 627f | 456h | 484f 468f | 0.94

T2 (MygpPsOs 125 K50 1B &) | 1.50c | 1.31d | 126¢c | 7.97b | 7.12e | 67d4e | 600c | 524e 50de | 082

T3 (N5 P05 195 K20 100B 8 | 1.09F | 1.07fg | 1.06ef | 5791 | 5841 | 5691 | 4361 | 4281 424h | 0.97

T4 (NygP20s o K20 1B ) | 028h | 023k | 0201 | 251n | 2260 | 1080 | 1121 | 920 80m | 070

TS5 My PoO5 105E20 140B & | 139d | 120e | 1.18cd | 746c | 655f | 632f | 556d | 480f 472f | 0.82

T6 (Mg P05 10 K0140B 8) | 1.21e | 1.09F [ 1.11de | 706e | 6.06h | 597g | 484f | 436h 444 g | 089

T7 Mg P20s 195550 (BE) | 096g | 0.841 D79 ¢g 521k | 4571 | 4231 | 384 | 3361 316 | 0.81

TS (N4 PoOs 175E20 B &) | 1.37d | 142c | 144b | 724d | 7.85d | 7.795¢ | 548d | 568d 576¢c | 0.95

TO (Myyq P2Os 175 K20 ;B EY | 1.69a | 1.65a | 16la | 904a | 924a | 86la | 676a | 660a o4da | 0.95

T10 (M0 PoOs 12 EK,0 (0B Y | L16ef | 100gh | 1.02ef | 633g | 541 | 549] | 464 | 400f] 40si | o084

T11 (Mg PoOs 135Ka0 1B &) | 1.3dd | 144¢ | 141b | 7254 | 7.99¢c | 7.59d | s536e | 576c 5e4d | 093

T12(N 40 P05 195E20 140 5 | 115ef | 1.12f | 1.09def | 557 | 629g | 5.85h | 460gh | 448g 436g | 0.95

T13 M0 P06 1af0 B S | 1.59b | 155b | 149b | 798b | 833b | 797b | 636b | 620b 596b | 094

T14 (Nygs P05 10sEa0 B S) | 1.15ef | 098h | 100f | 645f | 495k | 536k | 460 gh | 392k 4001 | 0.83

T15 Mgy P05 300 5p) 030h | 027k | 023i | 263m | 246n [ 1.24n | 1201 | 108n 921 |077

T16 (N P05 K0 40 0.91g | 061] 0.60h 4091 |342m |32lm| 364k |244m 240k | 058
CD( P =0.05) 0.08 0.07 0.0% 0.08 0.06 011 714 | 765 805
) Values followed by common letters do not differ significantly
Table 4. Effects of different treatments on pH and organic carbon (%0) of soil after harvesting of mustard
PH Organic carbon (%)

Treatment 1* yr and yr 3 yr 1% yr 2 yr 3 yr

T1 MpsPy0s 175 B0 140B ) 5.80 .03 5.65 046 0.52 0.52

T2 (M, 0 12550 4B B 551 629 572 058 0.60 0.64

T3 M 75Po05 195 Ko 0B 2) 5.55 515 569 050 D54 0.53

T4 (140 P20Os g KO 140 B 2D 5.47 5.64 576 053 080 0.52

T5 (M gn P05 10sELD 1gnB S 602 609 570 050 052 0.61

T& (Mg PoOs 14p EoO 1o B 3D 5.88 515 565 054 0oe 0,63

T7 (Mg P05 195E,0 B 3 552 569 579 057 L5z 0.5%9

TS Myag P20 12sEa0 B 3 5.47 522 587 052 053 0.54

T2 Mgp PaOs 125 K20 11,8 8) 5.69 5.73 5.82 0.50 0.59 0.63

T10 (M0 Po0s 15,0 140B 572 6.20 5.81 048 055 0.56

T11 (Mygg PaOs 125EK20 1408 & 5.57 5.84 577 059 061 0.55

T12(M 45 P2Os 175F50 1an 50 574 5.92 579 059 061 0.60

T13 M 0oP0s 140E0 1B ) 593 €.08 5.67 0.57 0.59 0.62

T 14 M pps P20s  105E20 0B 556 6.07 573 052 058 0.61

T15 Mgy PiOs 3B 0 50 573 646 571 036 041 0.51

T16 (Mg Po0s B0 o) 5.82 511 578 057 060 0.58

CD(P =0.05) IR IR 3 M2 Ha M2

* Values followed by common letters do not differ significantly
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Table 5. Effects of different treatments on available nitrogen (kg ha™), available phosphorus (kg ha™) and
available potassium (kg ha™) of soil after harvesting of mustard

Treatment ivnilnble 11irtdrugen (kghlg'l) Ax:u ilable )lmsrghurus (1{21;13'1) ,-ixtvﬂilnble putﬁssimn(kghﬂ; ')
1yr 2%y Fwr 1" yr 2% yr 3T yr 1" yr v 3w
T1 MygsPyOs 195 K0 0B 8) | 8432c¢ | 8707d* | 8682f 40132 4311a | 4275a | 16163ab [15153a% | 150.88ab
T2 (MgoP05 175 E50 4B 8) | 119330 | 12225be | 11863d | 3846ab | 39.08abc | 38.67hc | 16007 abe | 149564 | 14879 ab
T3 (M5 PyOs 15Ky 0B 3) | 15067a | 158342 | 15968a | 2928be |3331bede| 3301de | 15813abe | 148652 | 14812ab
T4 (Mo P20s (K0 10 BS) | 122930 | 125.12be | 124.01be | 1394 214 ¢ 210 16354 | 14244a | 140.16ab
T3 Mygp P05 1psa0 1B 8) | 118320 | 12044be | 11846d | 2742¢ 2832de | 2796fg | 161.79ab | 15439a | 133772
T6 Ny P05 140 K20 140B 8) | 118670 | 12248bc [ 119.25¢d | 25.86¢ 2696e | 2638g | 15835abc | 153.95a | 15321 ab
T7 MNygPy0s5 155K0 B B) | 117540 | 126390 | 125.02b | 2851be | 3246cde | 3220de | 4067 ¢ 384le 3815ef
T8 (Mo Po0c B0 o BE) | 122550 | 126130 | 124.28b | 32.66abc [3569abed | 3524¢d | 10155 9829¢ | 9746 cd
T9 Mg Po05 15 K20 B8 | 111670 | 11373 ¢ | 11334e [3309abc (3546 abed | 35.13¢d | 128.83d 1263f 1213 ¢
T10 My4g 205 125850 1B ) | 115340 | 11939be | 11823 d | 2567¢ 026de | 3010ef | 15296bc | 14789a | 14753 ab
T (Mg Po05 155E00 (4B 3) | 112630 | 12377be | 12354be | 3865ab  |3971abe | 3938ab | 15035c | 14463a | 14234 ab
T120M4 P205 135K50 140 30 | 116300 | 11935be | 118.08de [3472abc | 41.50ab | 4136ab | 15467 dbe | 14848a | 14802 ab
T13 (M oF505 140E30 2B 8) ] 112180 | 11596be | 11429 | 26.03¢ 29.06de | 2855fg | 12595d | 12139b | 12114 be
T14 (M5 P05 k0 B R) | 8575¢ | 89.10d 8861t 2803¢  |3352bede | 3309de | 10034 e 9565¢ | 9533 cd
T15 Mgy Py05 5pK0 o) d456e | 4957°F 4837h 2434 717 ¢ 6.951 56671 59.64d 5602 f
T16 (Mo P20 0E,0 ) 59074 | 6532e 6414 ¢ 100 d 1864f | 1811h 364k 244 m 240k
CD(P =0.05) 13.52 11.58 4.89 10.1§ 821 3.56 7.14 769 805
) Values followed by common letters do not differ significantly

Table 6. Effects of different treatments on uptake of nitrogen, phosphorus and potassium by mustard

Nitrogen (kg lm'l) Fhosphorus (kg ha ) Putﬂssium(kglm'l)
Treatment - - -
rrt yr ™ yI 3 yI P yI ™ yI 3 yI 1* yI ™ yr 3 yr

T1 Ny Py0; s K,0 0B S) | 12942 e* | 126880 | 125.62bc | 49.34d | 4652d | 4543d | 13893e | 13514 d| 133.97d*
T2 Ny P05 15K, 0 1B S) | 137.03bc | 135432 | 134.02a | 5892¢ | 549 c| 5397c | 154.12bc| 15329b| 151.63b
T3 NpsPy0s s K0 1B S) | 11596 gh | 11047 dd 10859 [4253fg | 39021 | 3846ef | 9964h | 9347g| 9214g

T4 (N, P20,  K,0 10 BS) 89021 | 87.98g | 85.14] | 1367k | 12.88] | 13.02] 6952k | 67157 | £5.94]
TS Ny P20z psKp0 19BS) | 13053de | 12642b | 12534c | 51.05d [4795d | 4584d | 14329d | 13656d| 134184
T6 (N1 P20 140 K;0 140BS) | 12329f | 11561¢| 114224 |4428ef | 4264 | 40%e 132.75f | 12967e| 12887 ¢
T7 Ny P20 1:K,0 BS) | 10052] | 97.34f | 9521h |32.97h | 3019g | 2514h 61621 | 5954k | 5705k
T8 (N1 PO 17:K,0 5B S) | 13415¢cd | 12893b | 12755b | 5962¢ | 5635¢c | 5547c¢ | 15063c | 144.93¢c| 143.15¢
T9 Ny P20s s K20 1,BS) | 14276a | 137.56a | 135424 | 76.3%a | 7342a | 7155a 166.97a | 163.62a| 162.51a
T10 (N9 P05 17K,0 10B) | 118354g | 11144d | 11036e | 458%e |4297e | 41.05e | 117.64g | 113.94F| 11266f
T11 (N, Py0s 17:K,0 1B S) | 13237 de | 12593b | 125.16¢ | 573c |S546dc| 5362c | 14628d | 1421c| 141.92¢

T12(Ny 9 PO 17sK0 140 ) | 113.65hi | 10975dq 108.12f |4062g | 3899f | 3755f 91421 | 8389h| 8655h
T13 MNygP20; 10K:0 1xBS) | 14017ab | 136.074a | 134.19a | 6577b | 61470 | 6052b 1571b | 15426b| 152.96b

T14 Ny P,0; 1 K,0 o BS) | 110741 | 107.13e| 9762g | 33.09h | 3205g | 3167¢g 83977 | 81571 | 80101

T15 Ny Py0; K50 o) 9096k | 89.02g | 87321 | 2014] | 19171 | 1869i 64161 | 6168k | 5237k

T16 (Ngg P05 K0 ) 101627 | 9854f | 97.13gh | 28321 |2629h | 2502h | 6962k | 67.05] | 65.13]

CD( P =0.05) 392 375 1.98 328 336 310 402 387 360
) Values followed by common letters do not differ significantly
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Fig. 1: Percentage increment in yield of mustard over farmers’ practice (average of three years)

CONCLUSION AND RECOMMENDATION

The study revealed that yield target based balanced adequate use of different nutrients constitutes the key for increasing
the productivity levels of mustard of the rice-mustard-sesame cropping system under red and lateritic soils. While
applying the nutrients in balanced manner, due care should be exercised to use the fertilizers at adequate amount so that
the doses of the nutrients can sustain the expected yield levels of the crops. In addition, the behaviours and efficiency
levels of different fertilizers in a particular soil should also be given due importance.
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