Agriculture Update

AL;‘JI

RESEARCH ARTICLE :

ARTICLE CHRONICLE :
Received :
20.07.2017;
Accepted :
16.08.2017

Key WoRDs :

Organic manures,
micronutrients,
Arbuscular
Mycorrhiza, Grain and
stover yield, seed and
stalk yield

Author for correspondence :

G. MARIAPPAN
Department of
Agriculture, VELLORE
(T.N.) INDIA

Email : gmagrilo@
gmail.com

See end of the article for
authors’ affiliations

Volume 12 | TECHSEAR-8 | 2017 | 2215-2233 Visit us - www researchjournal.co.in

Impact on residual effect of different sources of
organic manures, micronutrients and Arbuscular
Mycorrhiza applied to preceding maize and fertilizer
levels to succeeding sunflower on major nutrients
uptake, availability and yield of maize-sunflower
sequential cropping system

B G. MARIAPPAN, M. MOHAMED AMANULLAH AND T. ANANTHI

SUMMARY : Field experiments were conducted to study the influence of organic manures, micronutrients
and arbuscular mycorrhiza (AM) on the productivity of maize-sunflower cropping system at Tamil
Nadu Agricultural University, Coimbatore during 2011-12 and 2012-13. The experiment was laid out in
split plot design and replicated thrice for maize during winter 2011-12 and 2012-13 and the same
experiment after dividing each plot into two was laid out in split-split plot design with three replications
for sunflower during summer 2012 and 2013 to estimate the residual effects of organic manures. The
popular maize hybrid NK 6240 was taken as test hybrid in maize and Co SFH2 as test hybrid in sunflower.
Four sources of organic manures with RDF viz., Farmyard manure 12.5t ha, sericulture waste 5t ha?,
poultry manure 5t ha' and goat manure 5 t ha® were evaluated in main plot along with one control (RDF
only). Arbuscular mycorrhiza 100 kg ha?, ZnS04 37.5 kg hat, TNAU Micronutrient mixture 30 kg ha?
and a control without micronutrients and AM were studied in the sub plot. Organic manures,
micronutrients and AM were applied to first crop of maize only and their residual effect was studied in
the succeeding crop of sunflower with and without recommended dose of fertilizer. Observations were
recorded on the uptake of Nitrogen (N), Phosphorus (P), Potassium (K), Zinc (Zn) and Iron (Fe) at
different growth stages, post harvest soil for available NPK, of different treatments were also worked
out for each crop and the system as a whole to justify the significance of treatments. Significantly
higher NPK uptake by maize as well as higher soil available NPK was recorded in post harvest soil after
maize under application of poultry manure @ 5 t ha* followed by sericulture waste @ 5 t ha*. Among
the micronutrients and AM treatments, ZnSO, @ 37.5 kg ha* recorded the highest NPK uptake and
post harvest soil NPK during both the years of study. Among the two fertilizer treatments tried in
sunflower, recommended dose of fertilizer application resulted in NPK uptake and post harvest available
NPK as compared to no fertilizer treatment in maize-sunflower cropping system revealed that the
maximum actual gain in the soil available nitrogen, phosphorus and potassium was recorded under the
treatment combination of poultry manure @ 5 t ha® with RDF and zinc sulphate @ 37.5 kg ha* to maize
and application of RDF to succeeding sunflower.
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BACKGROUND AND OBJECTIVES

Maize (Zea mays L.) is the third most important
cereal next to rice and wheat, at global level as well in
India. It is a versatile crop and can be grown under
diverse environmental conditions and has
multidimensional uses. Besides its use as food, feed and
fodder, maize is now gaining increased importance on
account of its potential uses in manufacturing of wide
array of products such as starch, plastic, rayon, textile,
adhesive, dyes, resins, polish, syrups, ethanol, etc. It has
got immense potential and is therefore, referred to as
“miracle crop” and also “queen of cereals”. Maize, being
a C, plant is an efficient converter of carbon and
absorbed nutrients into food. Maize is one of the world’s
leading crops cultivated over an area of about 175.0
million hectares with a production of about 855.9 million
tonnes and productivity of 4.89 tonnes of grain ha
(USDA, 2013) and per capita total maize grain
consumption is 25.2 kg (Ito, 2013). In India, maize is
cultivated over an area of 8.71 million hectares with a
production of 21.57 million tonnes and the average
productivity is 2476 kgha?. In Tamil Nadu, maize is
cultivated in an area of 0.30 million hectares with a
production of 1.57 million tonnes and the productivity is
5173 kg ha* (Agricoop, 2011 - 12). The use of optimum
levels of N, P, K alone failed to maintain yield levels
probably due to increasing secondary and micronutrient
deficiencies and also unfavourable alterations in the
physical and chemical properties of soil. On the other
hand, continuous use of organics helps to build up soil
humus and beneficial microbes besides, improving the
physical properties. With short supply of and escalating
price of inorganic fertilizers, there is an increasing
awareness in favour of adopting biological pathway for
soil fertility management for preventing soil degradation
and for sustaining crop production. Micronutrient
deficiencies in crop plants are widespread because of
increased micronutrient demands due to intensive
cropping practices and adaptation of high yielding cultivars
which may have higher nutrient demand. Maize is one
of the important crops sensitive to Zn deficiency with a
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high Zn demand that positively responds to Zn
fertilization.

Sunflower is India’s premier oil seed crop that has
made a significant role in yellow revolution of the country,
to achieve self-sufficiency in vegetable oil. Sunflower is
often considered as a soil depleting exhaustive crop which
puts heavy demand on soil and applied nutrients (Mishra
etal., 1994). Due to its high uptake of nutrients, sunflower
responds very well to applied nutrients. Nutrients
contained in organic manures are released more slowly
and stored for a long time in the soil, ensuring a long
residual effect (Sharma and Mittra, 2007). Safety of
environment as well as public health is also important
reasons for advocating increased use of organic sources
of nutrients (Hazra, 2007). Hence, an attempt was made
to study the influence of different organic sources with
recommended dose of inorganic fertilizers in increasing
the productivity and the quality of hybrid maize and
possible carry-over residual effect on the succeeding
sunflower sown immediately after harvest of maize under
irrigated garden land conditions.

RESOURCES AND METHODS

Field experiments were conducted during winter and
summer seasons of 2011-2012 and 2012-2013 at Eastern
block of Tamil Nadu Agricultural University, Coimbatore
to investigate the influence of different organic manures
with inorganic fertilizers, micronutrients and arbuscular
mycorrhiza on the growth and yield of maize and to assess
their residual effect on the succeeding sunflower. The
details of materials used and methods employed here.
The experiments were laid out in split plot design. In the
main plot, four organic nutrient treatments with
recommended dose of inorganic fertilizers to the maize
crop only viz., FYM, sericulture waste poultry manure,
goat manure, along with a control (RDF only) and in the
sub plot, four treatments viz., AM, zinc sulphate and
TNAU micro nutrient mixture were evaluated along with
absolute control. The treatments were replicated thrice.
For the second crop individual plots were further divided
into two for raising sunflower, one plot without RDF and
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another plot with 100 % RDF for sunflower.

Analysis of plant samples:

The oven dried plant samples used for dry matter
estimation at 45 and 60 DAS were chopped and ground
using Willey mill and analysed for available N, P and K.

The methods used for analysis of plant samples for
N, P and K are given below.

Nitrogen uptake:

The total N content in the plant was estimated by
micro-kjeldahl method as per the procedure given by
Humphries (1956). The uptake was calculated by
multiplying the nitrogen content of the plant sample with
the dry matter production and expressed in kg ha.

Phosphorus uptake :

Thetotal P content in the plant sample was estimated
by colorimeter method (Jackson, 1973). The uptake was
calculated and expressed in kg ha.

Potassium uptake:

The total potassium content was estimated by the
triple acid digestion method using flame photometer as
suggested by Jackson (1973). The uptake was calculated
by multiplying the potassium content of the plant sample
with the total dry matter and expressed in kg ha™.

Zinc uptake :

The zinc content in the plant sample was estimated
by Atomic Absorption Spectrophotometer in the tri-acid
extract as suggested by Lindsay and Norvell (1978). The
uptake was calculated and expressed in g ha™.

Iron uptake :

The iron content in the plant sample was estimated
by Atomic Absorption Spectrophotometer in the tri-acid
extract as suggested by Lindsay and Norvell (1978). The
uptake was calculated and expressed in g ha™.

Soil analysis :

Mechanical composition of the soil of the
experimental field was assessed as per the procedure
suggested by Piper (1966) before the start of experiment.
Soil pH and EC were estimated by using pH meter and
Conductivity Bridge, respectively, in a soil: water
suspension of 1: 2.5 ratio (Jackson, 1973). The soil was
also analyzed for soil organic carbon (Walkley and Black,

1934). The soil samples collected from 30 cm depth before
the conduct of the experiment and after the harvest of
the crop were air dried, sieved through 2 mm sieve and
used for N, P, and K estimation.

Available soil nitrogen, phosphorus, potassium :

The available soil nitrogen was estimated by the
method proposed by Subbiah and Asija (1956) and
expressed in kg hat.Available soil phosphorus was
estimated by the procedure outlined by Olsen et al. (1954)
and expressed in kg ha. Available soil potassium was
estimated by the method proposed by Stanford and
English (1949) and expressed in kg ha.

Grain and stover yield:

The cobs from the net plot were harvested
separately. The cobs were sun dried, shelled, cleaned
and grain yield was recorded for individual treatment at
14 per cent seed moisture and expressed in kg ha.and
the harvest of cabs, the stover in the net plot area was
cut close to the ground level and left in the field for three
days for sun drying. After drying, weight of stover from
each plot was recorded and expressed in kg ha.

Seed and stalk yield :

Seed yield from net plot area was recorded at 14
per cent moisture level and expressed in kg ha* and the
stalk yield from the net plot area was recorded after sun
drying to constant weight and expressed in kg ha.

Statistical analysis :

The data collected were statistically analyzed as
suggested by Gomez and Gomez (1984). Wherever the
treatment differences were found significant, critical
difference was worked out at five per cent probability
level. The interaction effect was discussed wherever it
was found significant.

OBSERVATIONS AND ANALYSIS

The results obtained from the present study as well
as discussions have been summarized under following
heads :

Uptake of N, P, K, Zn and Fe in maize :

In the first crop maize during 2011-12, in respect of
organic manures, poultry manure 5 t ha'* recorded higher
N uptake (20.64, 112.6 and 189.9 kg ha* at 30, 60 and
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90 DAS, respectively) followed by sericulture waste
compost 5 t ha' and both were comparable with each
other. The uptake was however, the least with control.
With respect to micronutrients and AM, N uptake was
higher under ZnSO,37.5 kg ha*(17.47, 105.2 and 183.8
kg ha*at 30, 60 and 90 DAS, respectively) followed by
TNAU MN mixture and AM were comparable among
themselves. The least N uptake was recorded under

control. During 2012-13, regarding organic manures,
poultry manure 5 t ha* recorded higher N uptake of 21.49,
117.2 and 202.0 kg ha! respectively at 30, 60 and 90
DAS followed by sericulture waste compost 5 t haand
both were comparable with each other. The uptake was
however, the least with control. With respect to
micronutrients and AM, N up take was higher under
ZnS0,37.5kg ha'(20.77, 112.4 and 195.2 kg ha'*, at 30,

Table 1: Effect of organic manures, micronutrients and AM on nitrogen uptake of maize (kg ha?)

Winter, 2011-12

Winter, 2012-13

Treatments 30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS
Organic manures (M)
M; - RDF+ Farmyard manure @12.5 t ha® 13.14 94.2 1716 17.86 1084 1931
M. - RDF+ Sericulture waste @ 5 t ha* 17.38 105.8 1814 20.15 1132 1984
M3 - RDF+ Poultry manure @ 5t ha 20.64 1126 189.9 21.49 1172 2020
M, - RDF+ Goat manure @ 5 t ha™ 15.34 98.4 175.2 19.00 109.7 1950
Ms - RDF alone (Control) 11.21 89.2 1674 14.30 94.3 1785
SE. + 0.80 43 76 0.98 6.6 96
C.D. (P=0.05) 185 99 175 2.26 15.2 221
Micronutrients and AM (S)
Si - AM @ 100 kgha? 16.12 99.9 1734 17.57 1072 1925
S, - ZnS0. @ 37.5 kgha' 17.47 105.2 183.8 20.77 1124 1952
Ss - TNAU MN mixture @ 30 kg ha™ 15.87 102.5 179.3 18.56 1086 1948
Ss - Control 14.63 92,5 1720 17.35 106.0 1911
SE. + 071 3.73 48 0.39 58 84
C.D. (P=0.05) 145 763 NS 0.79 NS NS
Interaction NS NS NS NS NS NS
NS=Non-significant
Table 2 : Effect of organic manures, micronutrients and AM on phosphorus uptake of maize(kgha™)
Treatment Winter, 2011-12 Winter, 2012-13

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS
Organic manures (M)
M; - RDF+ Farmyard manure @125t ha® 12.08 13.15 29.52 12.55 14.50 33.07
M - RDF+ Sericulture waste @ 5 t ha* 12.70 13.80 30.59 15.44 16.36 37.90
Mj; - RDF+ Poultry manure @ 5t ha™ 13.23 14.53 31.61 16.50 17.99 39.28
M, - RDF+ Goat manure @ 5 t ha™ 12.50 13.50 30.57 14.33 15.24 35.19
Ms - RDF alone (Control) 9.26 12.20 28.00 10.71 12.92 29.40
SE. £ 062 0.65 112 0.88 0.79 196
C.D. (P=0.05) 143 151 2.58 202 182 451
Micronutrients and AM (S)
S - AM @ 100 kgha' 11.26 12.86 28.27 131 14.72 33.68
S, - ZnSO, @ 37.5 kgha' 13.92 15.58 34.88 16.0 17.17 38.97
Ss - TNAU MN mixture @ 30 kg ha™ 12.49 13.82 30.09 14.4 15.88 36.60
S, - Control 10.14 11.49 27.00 12.2 13.83 30.62
SE. £ 054 054 0.99 0.72 0.69 091
C.D. (P=0.05) 110 1.10 2.02 147 141 185
Interaction NS NS NS NS NS NS

NS=Non-significant
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60 and 90 DAS, respectively). However, the difference
between the treatments did not reach the level of
significance at 60 and 90 DAS. The least N uptake was
recorded under control.

In the year 2011-12, among the organic manures,
poultry manure 5 t ha? registered higher Phosphorus
uptake of (13.23, 14.53 and 31.61 kg ha! at 30, 60 and
90 DAS, respectively) followed by sericulture waste 5 t

ha'goat manure 5 t hat and FYM 12.5 t ha! and these
treatments were comparable among themselves. The
least Phosphorus uptake was recorded under control.
Considering the micronutrients and AM, ZnSQO, 37.5
kg ha't recorded higher Phosphorus uptake (13.92, 15.58
and 34.88 kg ha* at 30, 60 and 90 DAS, respectively)
followed by TNAU MN mixture and AM. The least
uptake of phosphorus was recorded under control. During

Table 3 : Effect of organic manures, micronutrients and AM on potassium uptake of maize (kg ha™)

Treatments

Winter, 2011-12

Winter, 2012-13

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS
Organic manures (M)
M; - RDF+ Farmyard manure @125t ha® 13.05 94.56 1917 15.76 92.57 1925
M - RDF+ Sericulture waste @ 5 t ha* 13.75 96.40 194.2 17.60 1021 2019
Mj; - RDF+ Poultry manure @ 5t ha™ 14.63 97.30 1985 19.80 1042 206.6
M, - RDF+ Goat manure @ 5 t ha™ 13.38 95.61 195.1 16.29 98.30 1950
Ms - RDF alone (Control) 11.56 85.45 173.0 12.55 88.69 1827
SE. £ 0.65 361 6.5 0.99 425 8.0
C.D. (P=0.05) 149 862 15.0 2.28 9.78 18.4
Micronutrients and AM (S)
S - AM @ 100 kgha' 12.30 92.90 1895 15.92 96.29 1949
S, - ZnSO, @ 37.5 kgha' 15.52 97.77 198.8 18.21 100.55 2034
Ss - TNAU MN mixture @ 30 kg ha™ 13.60 94.88 190.7 16.75 100.36 1970
S, - Control 11.67 89.91 183.0 14.72 91.47 1877
SE. £ 032 3.30 58 0.46 319 75
C.D. (P=0.05) 0.65 6.70 11.0 0.94 6.40 15.2
Interaction NS NS NS NS NS NS
NS=Non-significant
Table 4 : Effectof organic manures, micronutrients and AMon zinc (g ha') uptake of maize
Treatment Winter, 2011-12 Winter, 2012-13

30 DAS 60 DAS 90 DAS 30 DAS 60 DAS 90 DAS
Organic manures (M)
M; - RDF+ Farmyard manure @125t ha® 96.3 263.8 702.5 93.4 2627 6932
M - RDF+ Sericulture waste @ 5 t ha* 1384 300.7 796.2 149.2 3149 812.1
Mj; - RDF+ Poultry manure @ 5t ha™ 1527 336.2 8425 167.3 3424 856.3
M, - RDF+ Goat manure @ 5 t ha™ 1152 2756 7417 1216 286.3 766.9
Ms - RDF alone (Control) 65.8 1834 5943 73.2 1968 6174
SE. £ 46 84 16.2 48 8.8 16.6
C.D. (P=0.05) 10.6 19.3 37.3 11.0 20.2 382
Micronutrients and AM (S)
S - AM @ 100 kgha' 955 269.2 724.1 98.1 2582 6843
S, - ZnS0, @ 37.5 kgha' 1584 3417 84738 1732 3513 8624
Ss - TNAU MN mixture @ 30 kg ha™ 1058 305.4 749.3 1414 308.7 7865
S, - Control 35.2 1213 510.2 78.3 1802 518.6
SE. £ 38 72 14.6 39 74 16.2
C.D. (P=0.05) 7.7 14.6 29.6 79 15.0 329
Interaction NS NS NS NS NS NS

NS-Non-significant
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2012-13, in the second crop, regarding organic manures,
poultry manure 5 t hat recorded higher P uptake (16.50,
17.99 and 39.28 kg hat at 30, 60 and 90 DAS,
respectively) followed by sericulture waste 5 t ha' and
both were comparable with each other. The least uptake
was recorded under control.

The potash uptake was significantly influenced by
organic manures, micronutrients and mycorrhizal

inoculation at all the stages during both 2011-12 and 2012-
13. In the year 2011-12, with regard to organic manures,
poultry manure 5t ha* registered higher K uptake (14.63,
97.30 and 198.5 kg hat at 30, 60 and 90 DAS,
respectively) followed by sericulture waste 5 t ha® goat
manure5thatand FYM 12.5 t ha' and were comparable
among themselves. The least uptake at all the stages
was recorded under control. With respect to

Table 5 : Effectof organic manures, micronutrients and AMon iron (g ha?) uptake of maize

Winter, 2011-12 Winter, 2012-13

Treatments 30DAS 60 DAS 90 DAS 30DAS 60 DAS 90 DAS
Organic manures (M)

M; - RDF+ Farmyard manure @12.5 t ha® 2121 356.4 6383 2284 3675 6425
M. - RDF+ Sericulture wage @ 5 t ha® 2847 4053 6942 2968 4102 7083
M; - RDF+ Poultry manure @ 5t ha™ 2958 424.1 7168 3057 4315 7242
M. - RDF+ Goat manure @ 5 t ha™ 2432 3782 675.6 2528 3843 682.6
Ms - RDF alone (Control) 1984 2846 5154 2043 2902 5214
SE. + 51 94 14.2 53 96 145
C.D. (P=0.05) 120 221 334 125 226 311
Micronutrients and AM (S)

S, - AV @ 100 kgha® 1863 3725 667.8 1942 3952 682.1
S, - ZnSOs @ 37.5 kg ha 2462 4152 7213 2528 4266 7286
Ss - TNAU MN mixture @ 30 kg ha™* 1984 4014 7032 2163 4102 7105
S:- Control 1521 2812 506.3 1642 285.4 5123
SE. + 42 82 121 44 83 123
C.D. (P=0.05) 85 16.6 24.8 89 16.8 25.0
Interaction NS NS NS NS NS NS

NS=Non-significant

Table 6 : Effect of organic manures, micronutrients and AM on post harvest soil available nitrogen, phosphorus and potassium (kg ha?) of

maize
Treatments Nitrogen Vlg/r:gtsi)hcfr(ijlsl-lz Potassium Nitrogen \é\:]lg;e)ﬁégg-m Potassium
Organic manures (M)
M; - RDF+ Farmyard manure @125t ha® 2335 15.68 3486 2449 15.37 365.3
M - RDF+ Sericulture waste @ 5 t ha* 2421 18.63 3635 2533 18.21 383.1
Mj; - RDF+ Poultry manure @ 5t ha™ 2549 21.22 389.7 2624 22.38 405.6
M, - RDF+ Goat manure @ 5 t ha™ 2369 16.42 354.1 2170 16.68 360.8
Ms - RDF alone (Control) 2149 11.78 3155 2168 12.50 326.1
SE. + 7.0 059 13.8 8.3 0.76 135
C.D. (P=0.05) 16.2 135 317 19.2 175 31.2
Micronutrients and AM (S)
S - AM @ 100 kgha' 2571 17.73 3779 2722 19.22 372.7
S - ZnSO, @ 37.5 kgha' 266.2 18.14 407.1 2512 20.19 410.6
Ss - TNAU MN mixture @ 30 kg ha™ 2158 15.70 338.8 2436 14.30 358.3
S - Control 206.7 12.99 299.3 1885 11.99 319.1
SE. + 4.7 044 13.7 10.4 0.70 175
C.D. (P=0.05) 9.6 0.89 27.9 21.3 144 35.8
Interaction Sig. Sig. Sig. Sig. Sig. Sig.
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micronutrients and AM, K uptake was higher under  Similar trend of results was evident in the second crop
ZnS0O,37.5kgha' (15.52,97.77and 198.8 kgha' at 30,  of 2012-13, regarding organic manures, micronutrients
60 and 90 DAS, respectively) followed by TNAU MN  and AM. In 2011-12, with regard to organic manures,
and AM. The least K uptake was associated with control.  poultry manure 5 t ha* registered higher Zn uptake (152.7,

Table 7 : Effect of organic manures, micronutrients and AM on grain yield, stover yield (kg ha') of maize (Winter, 2011-12)

Treaments Grain yield Stover yield
Organic manures (M)

M; - RDF+ Farmyard manure @125 t ha? 6181 11939
M - RDF+ Sericulture waste @ 5 t ha? 6593 12132
M3 - RDF+ Poultry manure @ 5t ha 7230 12193
M, - RDF+ Goat manure @ 5t ha™ 6393 12032
Ms - RDF alone (Control) 5453 11412
SE. * 207 64
C.D. (P=0.05) 476 147
Micronutrients and AM (S)

S - AM @ 100 kgha? 6247 11695
S - ZnSO, @ 37.5 kgha' 7271 12677
Ss - TNAU MN mixture @ 30 kg ha™ 6555 12236
S - Control 5406 11158
SE. * 125 61
C.D. (P=0.05) 254 125
Interaction Sig Sig

Table 8 : Residual effect of organic manures, micronutrients and AM applied to preceding maize and fertilizer leel to sunflower on nitrogen
uptake of sunflower (kg ha')

Treaments DA 83DAS —SUDAS 0DAS — 80DAS —0DAS
Organic manures (M)

M; - RDF+ Farmyard manure @125 t ha' 365 26.43 56.81 434 28.45 69.67
M - RDF+ Sericulture waste @ 5 t ha* 441 3387 66.85 5.09 35.95 69.82
M3 - RDF+ Poultry manure @ 5t ha 5.00 39.84 79.43 5.76 45.19 81.76
M, - RDF+ Goat manure @ 5t ha 393 26.60 59.90 457 29.36 69.39
Ms - RDF alone (Control) 297 19.68 39.06 347 19.29 45,93
SE. + 017 2.06 3.18 1.01 222 2.73
C.D. (P=0.05) 038 476 733 2.32 512 6.29
Micronutrients and AM (S)

S - AM @ 100 kgha' 393 26.48 59.14 468 29.00 62.17
S, - ZnSO, @ 37.5 kgha' 453 34.99 69.15 527 38.95 74.07
S; - TNAU MN mixture @ 30 kg ha™ 416 30.93 62.43 4.80 34.24 67.26
S, - Control 320 18.95 4512 3.75 22.00 51.75
SE. + 0.05 074 096 0.35 079 0.94
C.D. (P=0.05) 011 151 196 0.70 161 1.92
Fertilizerlewls (F)

Fo- Control 3.75 24.89 55.74 438 28.47 61.63
F1- 100 % RDF 412 29.28 60.68 467 31.63 64.99
SE. + 001 0.14 0.16 0.09 0.10 011
C.D. (P=0.05) 003 029 033 0.18 021 0.22
Interaction NS NS NS NS NS NS

NS=Non-significant
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336.2and 842.5 g ha at 30, 60 and 90 DAS, respectively)
followed by sericulture waste 5 t hal, goat manure 5 t
ha' and FYM 12.5 t hal. The least uptake at all the
stages was recorded under control. With respect to
micronutrients and AM,K up take was higher under
ZnS0O, 37.5kg ha' (158.4, 341.7 and 847.8 g ha™* at 30,
60 and 90 DAS, respectively) followed by TNAU MN
mixture and AM. The least Zn uptake was associated
with control. The iron uptake was significantly influenced
by organic manures, micronutrients and mycorrhizal
inoculation at 30, 60 and 90 DAS during both 2011-12
and 2012-13. During the year 2011-12, with regard to
organic manures, poultry manure 5 t ha* registered higher
Fe uptake (295.8, 424.1 and 716.8 g ha™ at 30, 60 and 90
DAS, respectively) followed by sericulture waste 5 t ha-
L and was comparable with poultry manure 5 t ha. The
least uptake at all the stages was recorded under control.
With respect to micronutrients and AM, Fe uptake was
higher under ZnSO, 37.5 kg ha™* (246.2, 415.2 and 721.3
g ha at 30, 60 and 90 DAS, respectively) followed by
TNAU MN and AM. The least Fe uptake was associated
with control.

Available of N, P, K, Zn and Fe in maize :

There existed significant differences in the available
N status among organic manures, micronutrients and AM.
In general, all the organic manures recorded higher soil
available N than control. In the first year during 2011-
12, poultry manure 5 t ha* registered significantly higher
available nitrogen of 254.9 kg ha' comparable to
sericulture waste 5 t ha! (242.1) and both were
comparable with each other. These treatments were
followed by goat manure 5 t ha' and FYM 12.5 t hal.
The least available nitrogen was recorded under control.
Among the micronutrients and AM, ZnSO, 37.5 kg ha*
recorded significantly higher available nitrogen (266.2 kg
hal) comparable to AM. The least available N status
was recorded under control. In the second year
experiment during 2012-13, among the organic manures,
poultry manure 5 t ha? registered significantly higher
available nitrogen (262.4 kg ha*) followed by sericulture
waste 5 t ha* and both were comparable with each other.
The least available nitrogen was recorded under control.
With regard to micronutrients and mycorrhizal treatments,

Table 9: Residual effect of organic manures, micronutrients and AM applied to preceding maize and fertilizer lewel to sunflower on

phosphorus uptake of sunflower (kg ha)

Treaments S0DAS 80 BAS —SUDAS DA 83DASSODAS
Organic manures (M)

M; - RDF+ Farmyard manure @125 t ha' 061 587 12.14 072 735 14.33
M - RDF+ Sericulture waste @ 5 t ha* 0.82 597 14.48 091 7.79 16.16
M3 - RDF+ Poultry manure @ 5t ha 1.01 841 16.40 1.18 9.94 18.39
M, - RDF+ Goat manure @ 5t ha 0.65 6.23 13.77 064 798 13.99
Ms - RDF alone (Control) 0.29 447 834 034 545 10.62
SE. + 0.06 055 070 012 042 070
C.D. (P=0.05) 0.13 127 161 027 096 161
Micronutrients and AM (S)

S - AM @ 100 kgha' 0.63 6.83 13.73 078 829 14.50
S, - ZnSO, @ 37.5 kgha' 0.82 6.96 14.48 096 9.06 15.96
S; - TNAU MN mixture @ 30 kg ha™ 0.68 6.25 12.77 085 784 13.99
S, - Control 041 572 10.33 053 6.62 12.55
SE. + 0.02 019 020 007 0.10 020
C.D. (P=0.05) 0.04 039 041 013 021 041
Fertilizerlewls (F)

Fo- Control 057 5.90 11.67 059 727 13.22
F1- 100 % RDF 0.70 648 13.98 092 8.13 15.78
SE. + 0.01 0.04 0.08 0.04 003 0.09
C.D. (P=0.05) 0.01 0.09 017 007 007 017
Interaction NS NS NS NS NS NS

NS=Non-significant
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ZnSO, 37.5 kg ha* recorded significantly higher soil
available nitrogen (251.2 kg ha't) comparable to AM and
TNAU MN mixture. The least available nitrogen was
recorded under control.

The organic manures, micronutrients and AM
significantly influenced the available phosphorus status
of the soil. In 2011-12, among the organic manures,
poultry manure 5 t haregistered significantly higher
available phosphorus (21.22 kg ha?) followed by
sericulture waste 5 t hat, goat manure 5 t ha* and FYM
12.5that. The least available phosphorus was recorded
under control. Among the micronutrients and AM, ZnSO,
37.5 kg ha recorded significantly higher available
phosphorus (18.14 kg ha) followed by AM and TNAU
MN mixture. The least available phosphorus was
recorded under control. The soil available phosphorus
recorded in the second year during 2012-13 also indicated
similar trend as that of the previous crop with regard to
organic manures, micronutrients and S;, S, on par. In
the first year during 2011-12,among the organic manures,
poultry manure 5 t ha? registered significantly higher
available potassium (389.7 kg ha'*) followed by sericulture

waste 5 t hal, goat manure 5t ha' and FYM 12.5 t ha-
tand were comparable among themselves. The least
available potassium was registered under control. Among
the micronutrients and AM treatments, AM recorded
significantly higher available potassium (407.1 kg ha?)
followed by ZnSO, 37.5 kg ha*and TNAU MN mixture.
The least available K was recorded under control. The
soil available potassiumrecorded in 2012-13 also indicated
similar trend as that of the previous crop with regard to
organic manures and micronutrients and AM.

Uptake of N, P, K, Zn and Fe in succeeding
Sunflower :

During the year 2012, in respect of organic manures,
higher N uptake of sunflower was recorded under poultry
manure 5 t ha* applied to preceding maize (5.00, 39.84
and 79.43 kg ha* at 30, 60 and 90 DAS, respectively)
followed by sericulture waste 5 t hal, goat manure 5 t
ha' and FYM 12.5 t ha'at all the stages. The least N
uptake was recorded under control. With respect to
micronutrients and AM, the N uptake was higher under
ZnS0O, 37.5 kg ha* applied to preceding maize followed

Table 10 : Residual effe ct of organic manures, micronutrients and AM applied to preceding maize and fertilizer leel to sunflower on potassium

uptake of sunflower (kg ha')
Treatments ODAS - G0DAS . JIDAS DA 60 DAS . SUDAS
Organic manures (M)
M; - RDF+ Farmyard manure @125 t ha? 7.88 78.04 1033 7.24 73.89 98.05
M, - RDF+ Sericulture waste @ 5 t ha? 8.85 90.09 1227 9.96 94.01 123.88
M3 - RDF+ Poultry manure @5t hat 9.74 95.38 1315 11.35 1103 14419
M, - RDF+ Goat manure @ 5t ha* 7.69 77.22 1045 8.62 79.64 10943
Ms - RDF alone (Control) 5.02 57.39 83.6 6.08 61.46 92.28
SE. 043 384 46 43 043 428
C.D. (P=0.05) 1.00 8.84 10.5 99 0.99 9.88
Micronutrients and AM (S)
S - AM @ 100 kg ha' 6.81 73.88 102.2 7.73 77.01 103.10
S - ZnSO4 @ 37.5 kg ha' 9.90 96.94 132.1 10.80 105.0 13347
Ss - TNAU MN mixture @ 30 kg ha 858 80.99 1148 9.26 84.46 120.12
S, - Control 6.22 66.68 92.2 6.82 68.91 97.57
SE. 0.16 124 17 16 0.16 163
C.D. (P=0.05) 0.33 253 35 33 0.33 3.33
Fertilizerlewls (F)
Fo- Control 7.20 76.68 106.2 8.23 82.06 1116
F1- 100 % RDF 855 82.57 1144 9.07 85.65 1155
SE. 0.05 0.20 03 0.03 03 0.13
C.D. (P=0.05) 0.10 040 0.6 0.07 0.7 0.26
Interaction NS NS NS NS NS NS

NS=Non-significant
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by TNAU MN mixture and AM. The least N uptake
was recorded under control. Among the fertilizer levels,
100% RDF to sunflower recorded higher N uptake (4.12,
29.28 and 60.68 kg hat at 30, 60 and 90 DAS,
respectively) than no fertilizer control at all the stages of
observation. The phosphorus uptake was also significantly
influenced by organic manures, micronutrients, AM and
fertilizer levels at 30, 60 and 90 DAS during 2012 and
2013.

In the year 2012, among the organic manures,
poultry manure 5 t ha' applied to preceding maize
registered higher P uptake (1.01, 8.41 and 16.40 kg ha*
at 30, 60 and 90 DAS, respectively) followed by
sericulture waste 5 t hat, goat manure 5 t ha* and FYM
12.5 t ha'at all the stages. The P uptake was however,
the least under control. Considering the micronutrients
and AM, ZnSO, 37.5 kg ha* to preceding maize recorded
higher P uptake (0.82, 6.96 and 14.48 kg ha?) at all the
stages followed by AM and TNAU MN mixture. The
least uptake of phosphorus was recorded under control.
With regard to fertilizer levels, higher P uptake was
recorded under 100% RDF to sunflower. In all the stages,

the least P uptake was associated with no fertilizer
control.The K uptake was significantly influenced by
organic manures, micronutrients, AM and fertilizer levels
at all the stages of observation. In 2012, with regard to
organic manures, poultry manure 5 t ha -t applied to
preceding maize recorded higher K uptake (9.74, 95.38
and 131.5 kgha'at30,60and 90 DAS, respectively)
followed by sericulture waste 5 t ha 1, goat manure 5 t
ha' and FYM 12.5 t hal. The K uptake was however,
the least under control.

With respect to micronutrients and AM, the K uptake
was higher under ZnSO, 37.5 kg ha™ applied to preceding
maize followed by TNAU MN mixture and AM at all
the stages of crop growth. Regarding the fertilizer levels
to sunflower, 100 % RDF recorded higher K uptake (8.55,
82.57 and 114.4 kg ha' at 30, 60 and 90 DAS,
respectively). The least uptake of K was associated with
no fertilizer control. In the second crop during 2013 also,
K uptake indicated similar trend as that of the previous
year crop with regard to organic manures, micronutrient,
AM and fertilizer levels. The Zinc uptake was
significantly influenced by organic manures,

Table 11 : Residual effe ct of organic manures, micronutrients and AM applied to preceding maize and fertilizerle el to sunflower on zinc uptake

of sunflower (gha?)
Treaments 0DAT 60 DAS— S0 DAS ODAT — K0BAS SODAS
Organic manures (M)
M; - RDF+ Farmyard manure @125 t ha' 11.5 24.3 78.2 13.2 26.5 80.6
M - RDF+ Sericulture waste @ 5 t ha* 14.8 321 85.4 16.4 34.2 87.2
M3 - RDF+ Poultry manure @ 5t ha 16.4 37.6 88.2 19.2 394 91.3
M, - RDF+ Goat manure @ 5t ha 12.2 29.4 82.6 14.8 30.1 84.3
Ms - RDF alone (Control) 94 20.5 70.1 11.3 22.3 74.1
SE. + 050 16 36 0.6 17 37
C.D. (P=0.05) 120 38 85 14 40 86
Micronutrients and AM (S)
S - AM @ 100 kgha' 14.3 28.5 73.1 15.1 31.3 76.2
S, - ZnSO, @ 37.5 kgha' 16.8 39.2 86.6 19.4 415 89.3
S; - TNAU MN mixture @ 30 kg ha™ 15.1 313 80.4 17.2 34.2 815
S, - Control 12.2 18.2 62.5 13.7 26.1 64.3
SE. + 02 05 12 0.2 06 12
C.D. (P=0.05) 04 10 25 0.4 12 25
Fertilizerlewls (F)
Fo- Control 10.3 12.1 62.1 121 16.2 64.6
F1- 100 % RDF 16.4 19.6 84.3 18.2 383 86.2
SE. + 01 01 03 0.1 02 03
C.D. (P=0.05) 02 02 06 0.2 03 06
Interaction NS NS NS NS NS NS

NS=Non-significant
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micronutrients, AM and fertilizer levels at 30, 60 and 90
DAS. In 2012, with regard to organic manures, poultry
manure 5 t haapplied to preceding maize recorded
higher Zn uptake (16.4, 37.6 and 88.2g ha*at 30, 60 and
90 DAS, respectively) followed by sericulture waste 5 t
ha, goat manure 5t ha' and FYM 12.5t hat. The Zn
uptake was however, the least under control. With respect
to micronutrients and AM, Zn uptake was higher under
ZnS0O, 37.5 kg ha*applied to preceding maize followed
by TNAU MN mixture and AM at all the stages of crop
growth. The Zn uptake was however, the least under
control. Regarding the fertilizer levels to sunflower, 100
% RDF recorded higher Zn uptake at all the stages of
observation than no fertilizer control. The iron uptake
was significantly influenced by organic manures,
micronutrients, AM and fertilizer levels at all the stages.
In 2012, with regard to organic manures, poultry manure
5t hatapplied to preceding maize recorded higher Fe
uptake (163.2, 221.6 and 444.8 g ha*at 30, 60 and 90
DAS, respectively) followed by sericulture waste 5 t ha-
tand both were comparable. The iron uptake was
however, the least under control. With respect to

micronutrients and AM, the iron uptake was higher under
ZnS0O, 37.5 kg ha'* followed by TNAU MN mixture and
AM. Regarding the fertilizer levels to sunflower, 100 %
RDF recorded higher iron uptake (164.3, 221.8 and 435.2
g ha! at 30, 60 and 90 DAS, respectively) The least
uptake of iron was associated with no fertilizer control.

Available of N, P, K, Zn and Fe in succeeding
sunflower :

The available nitrogen was significantly influenced
by organic manures, micronutrients, AM and fertilizer
levels during both 2012 and 2013. Among the organic
manures, poultry manure 5 t ha! to preceding maize
recorded higher soil available N (161.6 and 173.6 kg ha-
Lduring 2012 and 2013, respectively) followed by
sericulture waste compost 5 t hal- goat manure5 t ha*!
andFYM 12.5t ha’. The least available N was observed
with control. Among the micronutrients and AM, ZnSO,
37.5 kg ha'to preceding maize recorded higher soil
available N (151.2 and 177.1 kg ha* during 2012 and
2013, respectively) followed by TNAU MN mixture and
AM. Regarding the fertilizer levels, 100% RDF to

Table 12 : Residual effe ct of organic manures, micronutrients and AM applied to preceding maize and fertilizer leel to sunflower on iron uptake

of sunflower (gha?)
Treatment SO DAS — B0DAS —S0DAS 30DAS — 60DAS . SUDAS
Organic manures (M)
M; - RDF+ Farmyard manure @125 t ha' 1328 187.3 366.7 136.3 1904 3628
M - RDF+ Sericulture waste @ 5 t ha* 1514 208.7 420.2 156.2 2125 4263
M3 - RDF+ Poultry manure @ 5t ha 163.2 2216 4448 164.4 2242 4416
M, - RDF+ Goat manure @ 5t ha 136.3 1924 3825 1412 196.3 386.3
Ms - RDF alone (Control) 84.5 181.3 2432 87.4 184.2 2474
SE. + 48 73 104 49 77 10.5
C.D. (P=0.05) 11.3 17.2 24.4 115 18.1 24.7
Micronutrients and AM (S)
S - AM @ 100 kg ha? 1394 196.2 3413 1412 200.3 3456
S, - ZnSO, @ 37.5 kgha' 161.8 2245 4496 167.4 229.2 4512
S; - TNAU MN mixture @ 30 kg ha™ 153.2 2103 398.2 156.3 216.8 4014
S, - Control 80.3 163.2 250.8 84.2 1674 263.7
SE. + 22 35 50 23 36 52
C.D. (P=0.05) 45 71 10.1 46 73 10.3
Fertilizerlewls (F)
Fo- Control 81.2 158.6 2634 83.6 161.2 268.2
F1- 100 % RDF 164.3 2218 4352 167.8 2274 4394
SE. + 18 38 54 17 39 56
C.D. (P=0.05) 36 76 10.8 34 78 112
Interaction NS NS NS NS NS NS

NS=Non-significant
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sunflower registered higher soil available N (137.0 and
153.3 kg ha! during 2012 and 2013, respectively). The
least soil available N was recorded under control during
both the years of the study. The interaction between
organic manures, micronutrient and AM was significant.
The treatment combination of poultry manure 5 t ha?
with ZnSO, 37.5 kg ha' to preceding maize recorded
higher soil available N (180.3 kg ha'*) followed by poultry
manure 5t ha* along with TNAU MN mixture 30 kg ha-
1to preceding maize. The least soil available N (68.2 kg
ha') was recorded under control. In general, organic
manures, micronutrients, AM and fertilizer levels had
significant influence on soil available P. With respect to
organic manures, poultry manure 5 t ha! applied to
preceding maize recorded higher available phosphorus
followed by sericulture waste 5 t hal during both the
years. The least available P was recorded under (100%
RDF alone) control. Among the micronutrients and AM,
application of ZnSO, 37.5 kg ha'to preceding maize
recorded higher soil available P (12.52 and 15.19 kg ha-
L during 2012 and 2013, respectively) than the other
treatments. The fertilizer level of 100% RDF to

sunflower resulted in higher soil available P (11.43 and
12.98 kg ha! during 2012 and 2013, respectively). The
least available P was associated with no fertilized control.
The interaction between organic manures, micronutrient
and AM was significant. The treatment combination of
poultry manure 5 t ha with ZnSO, 37.5 kg ha' to
preceding maize recorded higher soil available P (15.99
kg ha) followed by sericulture waste 5 t ha! along with
ZnS0O, 37.5 kg ha. The least soil available P (5.64 kg
ha') was recorded under 100% RDF alone (control).
The soil available K status varied with varying organic
manures. Higher soil available K was recorded
underpoultry manure 5t ha*followed by sericulture waste
5t ha! applied to preceding maize. The least available K
was observed with control. With regard to micronutrients
andAM, ZnSO, 37.5 kg ha* recorded significantly higher
soil available K (387.9 and 455.9 kg ha'* during 2012 and
2013, respectively) followed by TNAU MN mixture 30
kg hal. The least soil available K was recorded under
control.

Considering the fertilizer levels, 100 % RDF to
preceding maize recorded significantly higher soil

Table 13 : Residual effe ct of organic manures, micronutrients and AM applied to preceding maize and fertilizer le el to sunflower on post
harvest soil available nitrogen, phosphorus and potassium (kgha')

Summer, 2012 Summer, 2013

Treatments Available Available Available Available Available Available

nitrogen phosphorus potassium nitrogen phosphorus  potassium
Organic manures (M)
M; - RDF+ Farmyard manure @12.5 t ha® 104.9 8.75 335.3 1402 10.55 353.0
M2 - RDF+ Sericulture waste @ 5t ha* 1449 11.28 385.7 160.1 12.07 416.0
M3 - RDF+ Poultry manure @5t ha™ 161.6 12.93 428.2 1736 13.87 4442
M, - RDF+ Goat manure @ 5 t ha™ 130.0 9.80 356.3 150.7 10.63 387.3
Ms - RDF alone (Control) 95.0 735 3216 1285 9.00 3326
SE. £ 56 0.44 8.7 36 038 93
C.D. (P=0.05) 13.0 1.02 20.1 82 087 214
Micronutrients and AM (S)
S - AM @ 100 kgha? 136.9 10.97 354.7 1356 10.21 3490
S - ZnSO, @ 37.5 kgha' 151.2 12.52 3879 1771 15.19 4559
S - TNAU MN mixture @ 30 kg ha™ 1314 9.55 373.1 159.1 11.42 3945
S - Control 89.5 7.05 346.0 1307 807 3471
SE. £ 27 0.23 19 21 029 52
C.D. (P=0.05) 56 047 39 43 060 10.5
Fertilizerlewls (F)
Fo- Control 1176 8.62 3544 1479 947 3777
F1- 100 % RDF 137.0 11.43 376.5 1533 12.98 3955
SE. £ 06 0.10 07 02 0.12 09
C.D. (P=0.05) 13 0.20 15 04 025 18
Interaction Sig Sig Sig Sig Sig Sig
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available K (376.5 and 395.5 kg ha* during 2012 and
2013, respectively). The least soil K was recorded under
control. The interaction between organic manures,
micronutrient and AM was significant. The treatment
combination of poultry manure 5 t ha* with ZnSO, 37.5
kg hato preceding maize recorded higher soil available
K (472.1 kg ha?') followed by poultry manure 5 t ha'
along with TNAU MN mixture 30 kg ha’. The least soil
available K (300.3 kg ha) was recorded under 100%
RDF (control) to previous maize and no fertilizer to
sunflower.

In the first maize crop during 2011-12, among the
organic manures, poultry manure 5 t ha* recorded the
highest grain yield of 7230 kg hat. This was followed by
sericulture waste 5 t ha!, goat manure 5 t ha-*fand FYM
12.5 t ha't and they were comparable among themselves.
Control recorded the least grain yield. Micronutrients and
AM had a positive influence on grain yield of maize.
Among the micronutrients, ZnSO, 37.5 kg ha* recorded
the highest grain yield (7271 kg ha?) followed by TNAU
MN mixture and AM. The yield increase under ZnSO,
37.5 kg halwas 34.49 per cent, over control. The

Table 14 : Effect of organic manures, micronutrients and AM on grain yield,stower yield (kg ha™) of maize (Winter, 2011-12)

Treatment Grain yield Stover yield
Organic manures (M)

M; - RDF+ Farmyard manure @125 t ha? 6181 11939
Mz - RDF+ Sericulture waste @ 5 t ha? 6593 12132
M3 - RDF+ Poultry manure @ 5t ha 7230 12193
M, - RDF+ Goat manure @ 5t ha™ 6393 12032
Ms - RDF alone (Control) 5453 11412
SE. * 207 64
C.D. (P=0.05) 476 147
Micronutrients and AM (S)

S - AM @ 100 kgha! 6247 11695
S - ZnSO, @ 37.5 kgha' 7271 12677
Ss - TNAU MN mixture @ 30 kg ha™ 6555 12236
S - Control 5406 11158
SE. * 125 61
C.D. (P=0.05) 254 125
Interaction Sig Sig

Table 15 : Effect of organic manures, micronutrients and AM on grain yield,stower yield (kg ha™) of maize (Winter, 2012-13)

Treaments Grain yield Stover yield
Organic manures (M)

M; - RDF+ Farmyard manure @125 t ha? 6151 11984
M - RDF+ Sericulture waste @ 5 t ha? 6953 12208
M3 - RDF+ Poultry manure @ 5t ha 7635 12300
M, - RDF+ Goat manure @ 5t ha™ 6377 12103
Ms - RDF alone (Control) 5514 11441
SE. * 219 69
C.D. (P=0.05) 506 159
Micronutrients and AM (S)

S - AM @ 100 kgha' 6218 11734
S - ZnSO, @ 37.5 kgha' 7524 12838
Ss - TNAU MN mixture @ 30 kg ha™ 6562 12268
S - Control 5800 11189
SE. * 201 66
C.D. (P=0.05) 411 134
Interaction Sig Sig
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interaction between organic manures, micronutrient and
AM on maize grain yield was significant. The treatment
combination poultry manure 5 t ha™ along with ZnSO,
37.5 kg ha* (M,S,) recorded significantly higher yield
(9104 kg ha't) followed by poultry manure 5 t ha'* along
with TNAU MN mixture 30 kg hat. Control (100% RDF
alone) without AM and micronutrients recorded the least
grainyield (4961 kg ha). In the second crop during 2012-
13 also, similar trend of results as observed in the first
crop during 2011-12 was observed. Regarding organic
manures, higher yield of 7635 kg ha* was recorded by
poultry manure 5 t ha* followed by sericulture waste 5 t
ha?, goat manure 5t hatand FYM 12.5 t ha. Control
recorded the least yield (5514 kg ha). In 2011-12,
regarding the organic manures, poultry manure 5 t hat
recorded higher stover yield of 12193 kg ha* followed
by sericulture waste 5 t ha* and both were comparable.
These treatments were followed by goat manure 5 t ha-
tand FYM 12.5 t hal. The least stover yield was
recorded under control. With regard to micronutrients
and AM inoculation, ZnSO, 37.5 kg ha! recorded
significantly higher yield followed by TNAU MN mixture
and AM. The least stover yield was recorded under
control. The interaction between organic manures,
micronutrients and AM inoculation was significant. The
treatment combination of poultry manure 5 t ha!and
ZnS0O, 37.5 kg ha* (M,S,) recorded higher stover yield
(13026 kg hat) followed by sericulture waste compost 5
t ha'' with ZnSO, 37.5 kg ha™ (M,S,) and both were
comparable with each other. The least stover yield of
10602 kg ha' was observed under control without organic
manures, micronutrient and AM. Organic manures,
micronutrients, AM and fertilizer levels had a significant
influence on the seed yield of hybrid sunflower during

2012 and 2013. During 2012, among the organic manures,
higher seed yield of sunflower(2086 kg ha) was
recorded under poultry manure 5 t ha! applied to
preceding maize followed by sericulture waste 5 t ha,
goat manure5 t hatand FYM 12.5 t hal. The least seed
yield of sunflower was recorded under control. Among
the micronutrients and AM, ZnSO, 37.5 kg ha' to
preceding maize recorded higher seed yield of 2197 kg
ha* followed by TNAU MN mixture 30 kg hatand AM
applied to preceding maize. The least seed yield was
recorded under control. With regard to fertilizer levels,
100% RDF to sunflower recorded higher seed yield (1824
kg ha't) than unfertilized control. The interaction between
organic manures, micronutrients and AM was significant.
The treatment combination of poultry manure 5 t ha?
with ZnSO, 37.5 kg ha™ applied to preceding maize
recorded higher seed yield of 2859 kg ha* followed by
sericulture waste 5 t ha* along with ZnSO, 37.5 kg ha'
to preceding maize. The least seed yield (1264 kg ha?)
was recorded under control without organic manures,
micronutrients and AM. The interaction between
micronutrient AM and fertilizer levels was also significant.
The treatment combination of ZnSO, 37.5 kg ha™ to
preceding maize along with 100% RDF to sunflower
(S,F,) recorded higher seed yield (2185 kg ha™) than the
other treatment combinations.

The rate of uptake is dependent upon crop N demand,
phonological stage, soil N availability, transpiration, rooting
depth and soil water status. Crop nitrogen demand is
estimated depending on the rate of growth and the
maximum concentration of nitrogen that different organs
can accumulate depends upon their composition (Hebbar
etal., 2007). This was due to the fact that poultry manure
contains 60 per cent of N in the form of uric acid, which

Table 16 : Interaction effect of organic manu res, micronutrients and AM on grain yield of maize (kgha?)

Main plot Winter 2011-12 Winter 2012-13
Sub plot M1 M2 M3 Ms Ms MEAN M1 M2 Ms Ms Ms Mean
S 6173 6436 6575 6414 5641 6248 5947 6516 7090 5999 5538 6218
S 6785 7523 9104 7261 5681 7271 6784 8501 9310 7382 5645 7524
S 6361 6661 7759 6466 5529 6555 6285 6899 7631 6544 5450 6562
Sy 5406 5753 5484 5429 4961 5406 5588 5897 6507 5585 5423 5800
Mean 6181 6593 7230 6392 5453 6151 6953 7635 6377 5514
Source SE. £ C.D. (P=0.05) Source SE. £ C.D. (P=0.05)
M 206 476 M 219 506
S 125 254 S 201 411
Ma S 318 718 Ma S 447 1012
SatM 279 569 SatM 450 919
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changed rapidly to NH, form for utilization, by plants
which resulted in higher uptake (Amanullah et al., 2006).
The higher N uptake in the grain, fertilized with poultry
manure and inorganic fertilizers reflected the extent and
pattern of N release for absorption by the plant from
seedling stage to grain filling stage (Norman et al.,
2003).Application of poultry manure with RDF recorded
higher phosphorus uptake at 90 DAS followed by
sericulture waste. This might be due to the higher
phosphorus available for uptake by plants. Application
of organic manure in combination with inorganic fertilizer
might have decreased the adsorption capacity and
increased the soluble P, P desorption and this lead to
higher uptake of P (Sharma and Mitra, 1989). Application
of poultry manure with inorganic fertilizers showed
higher P uptake among the treatments. This was due to
increase in available nutrient status with greater utilization
by the crops because of higher DMP and yield. Improved
growth and greater accumulation of biomass led to
increased uptake (Sharma et al. 2008). Regarding
organic manures, application of poultry manure with RDF
recorded higher K uptake among the treatments. This
was due to increase in available nutrient status by poultry
manure with greater utilization by the crops because of
higher DMP and yield. Improved growth and greater
accumulation of biomass led to increased uptake.
Accelerated growth in terms of DMP and N content
augmented the nutrient uptake of crop (Sharma et al.
2008). Similar result has also been reported by Viator et
al. (2002). Regarding organic manures, poultry manure

registered higher Zn uptake at both 45 and 90 DAS
followed by sericulture waste and other organic manures.
Poultry manure contains all the essential plant nutrients
that are required by the crop. These include N, P, K, Zn
and Fe and Mo. Application of zinc sulphate @ 37.5 kg
ha significantly increased the Zn uptake in maize due
to the direct supply of Zn. This result is in conformity
with the findings of Abbas et al. (1995) and Dineshkar
and Babulkar (1998) who reported similar results in
safflower. Regarding organic manures, poultry manure
registered higher Fe uptake at both 45 and 90 DAS
followed by sericulture waste. This might be due to higher
iron content present in poultry manure and the resultant
uptake by maize. The finding of Prasad et al. (1984)
who reported that addition of poultry manure with N, P,
K, Zn and Fe increased the uptake of Fe by wheat is
concomitant to the present finding. Application of zinc
sulphate @37.5 kg ha! significantly increased the Fe
uptake in maize and this was due to the synergism
between Zn and Fe. This result is in line with the findings
of Basavaraju et al. (1995) who reported that zinc and
iron concentration in both grain and stover and their
uptake by maize was the highest where ZnSO, @ 25 kg
ha was applied. The higher N availability under poultry
manure treatments might be due to higher N content and
continuous and slow release of nutrients from poultry
manure and increased biomass and the resultant
accumulated soil organic matter as reported by Amanullah
et al. (2006) and Prasanthrajan et al. (2009). Busari et
al. (2008) reported that the combined addition of poultry

Table 17 : Interaction effect of residual organic manures, micronutrients and AM applied to preceding maize and fertilizer le\el to sunflower on

seed yield of sunflower (kg ha')

ain plots Summer, 2012 Summer, 2013
\wtm M; M. Ms Ma Ms  Mean M; M. Ms Ma Ms Mean
S 1391 1415 1859 1421 1319 1481 1474 1805 1866 1596 1513 1651
S 1604 2848 2859 2424 1248 2197 1978 2381 2931 2288 1562 2228
S 1448 1725 1731 1445 1371 1544 1807 1902 2078 1695 1541 1804
Sy 1389 1540 1894 1297 1264 1477 1392 1771 1887 1570 1426 1609
Fo 1372 1799 1986 1575 1206 1603 1897 2124 1728 1425
F1 1544 1965 2185 1719 1395 1723 2032 2257 1847 1596
Mean 1458 1882 2086 1647 1300 1663 1965 2190 1787 1510
Source SE. + C.D. (P=0.05) Source SE. £ C.D. (P=0.05)
M 73 169 M 54 125
S 43 88 S 30 61
F 6 12 F 5 9
Ma S 101 222 Ma S 73 161
M a F 61 138 M a F 45 102
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manure, chemical fertilizer and lime to the soil was the
most efficient in raising the soil total N, available P and
exchangeable cation concentrations. Application of
poultry manure resulted in higher soil available P at all
the growth stages of maize during both the years of study.
During 2011-12, it was 9.8 per cent and during 2012-13,
19.5 per cent higher than control. This was due to the
fact that during the mineralization of poultry manure, a
number of organic acids, especially the hydroxyl ions
(product of microbial metabolism) are produced, which
released P through chelating or by removal of metal ions
from the insoluble metal phosphates (Mohandas and
Appavu, 2000). Among the organic manures, all the
manurial treatments registered higher available potassium
status. The potassium availability was reduced at post
harvest analysis while comparing initial level. This is also
in confirmation with the study conducted at Coimbatore
on nutrient management in cotton based cropping
systems, which indicated very high level of K removal
from the soil and high negative balances of potassium
(Blaise et al., 2004). Similar results were reported by
Padole et al. (1998) and Malewar et al. (2000).
Application of RDF alone recorded the least soil available
nitrogen, phosphorus and potassium. This might be due
to depletion of soil nutrients, due to higher uptake of
nutrients N, P and K than the applied level. Similar
findings were reported by Ananthi et al. (2010) in maize.
Different organic manures applied to preceding maize
influenced the uptake of major nutrients by succeeding
sunflower. In general organic manures increased the
availability of nutrients to the crop. Organic manure
application also improved the soil environment, which in
turn encouraged proliferous root system, resulting in
better absorption of water and nutrient and thus resulting
in higher biomass yield and nutrient uptake as reported
by Singh and Singh (2000).

The findings of Savithri et al. (1991) who observed
that application of poultry manure at 6.25 t ha{ * to the
first crop of sorghum had significant residual effect on
the succeeding cowpea crop nutrient uptake due to
increased nutrient content of the soil. The enhancement
of Zn uptake in seed and stalk of sunflower in the present
study depicted the influence of residual effect of zinc on
zinc nutrition in sunflower. The formation of hydroxides
of zinc or precipitation as zinc carbonate generally
occurs in calcareous soils as reported by Rai et al. (1982).
Organic manures applied to preceding maize recorded
higher soil available N, P and K. The increase could be
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due to contribution of N, P, K by the addition of organic
manures and enrichment of available soil pool. The
favourable and beneficial effect of organic manures on
available nutrient status of soil might also be due to greater
availability of nutrients to crop due to solublising effect
of different forms of nutrients present in soil and their
own contribution (Ghosh et al., 2002).

Among the micronutrients and AM, residual effect
of zinc sulphate increased post harvest soil nutrients due
to balanced supply of micronutrients to sunflower crop.
An increase in availability of zinc in soils with increasing
dose of zinc sulphate has been reported by Savithri
(1978). Better performance of maize with the application
of poultry manure was also due to certain hormonal
compounds present in poultry manure. The combined
application of poultry manure and inorganic fertilizers
produced the synergistic effect on yield and yield
attributes. Adeniyan and Ojeniyi (2005) obtained higher
maize yield from combined use of NPK fertilizer and
poultry manure than from sole inorganic fertilizer
applications. The beneficial effect of poultry manure in
enhancing the yield of maize in combination with inorganic
was also reported earlier by Vasanthi and Kumaraswamy
(2000), Agyenium et al. (2006) and Ayoola and Makinde
(2007). Abdel-Magid et al.(1995) reported that grain and
straw yield of wheat increased with increased rate of
poultry manure in Saudi Arabia and obtained the greatest
economic return at 8.25 t hal. The findings of Rafiq et
al. (2010) who reported that application of zinc increased
maize grain yield in combination with higher N dose,
supports the present findings. All the organic manures
applied to preceding maize exerted a positive influence
on the yield of succeeding sunflower. Among the organic
manures, seed and stalk yield of sunflower were higher
with application of poultry manure to preceding maize.
This positive response recorded could be due to
mineralization of nutrients, as a result of which better
growth was achieved. Higher vegetative production due
to higher interception of light might have improved
assimilate production and hence increased the yield as
reported by Babaji et al. (2011). Similar result of
increased crop yields due to residual effect of organic
manures as reported by Jayanthi et al. (1997), Singh et
al. (1999) and Babaji et al. (2011), lend support to the
present finding. . Saviour and Stalin (2013) have reported
that residual effect of zinc improved the pod and haulm
yield of blackgram in maize-blackgram cropping system.
Sudarsan and Ramasamy (1993) also found that residual
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effect of zinc sulphate gave good seed and haulm yield
in black gram crop in groundnut-blackgram cropping
system. Similar results were also reported by Latha et
al. (2002). Among the two fertilizer levels tried in
succeeding sunflower, RDF resulted in significantly
higher seed and stover yield. Ananthi (2013) reported
higher seed and stalk yield of sunflower in maize-
sunflower cropping system. Increasing nitrogen and
phosphorus levels enhanced the availability of nutrients
to plants throughout the growing period, which resulted
in improvement of growth and yield parameters and
consequently the yield. Similar results reported by Kumar
et al. (1998) are concomitant to the present finding. Thus,
overall improvement in growth coupled with increased
net photosynthesis on one hand and greater mobilization
of photosynthates towards reproductive structure on the
other hand, might have improved the yield (Abayomi et
al. 2008). These results are in line with the findings of
Azarpour et al. (2011).

Conclusion :

In maize — sunflower cropping system, application
of poultry manure @ 5t ha* with RDF along with zinc
sulphate @ 37.5 kg ha* to maize and RDF to succeeding
sunflower crop recorded the highest uptake, availability
of major and micronutrients and higher grain and seed
yield of maize and sunflower.
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