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EFFECT OF ORGANIC AMENDMENTS
ON ZINC AVAILABILITY TO MAIZE-
BENGAL GRAM CROPPING-SEQUENCE
IN A VERTISOL

C. Vijayakumar,’ G.V. Dasar? and Basavaraj,’

ABSTRACT

Comparative efficacy of farmyard manure (FYM}, vermicompost (VC),
biogas slurry (BS) and poultry manure (PM) with and without P-
enrichment on zinc availability to maize and bengal gram was evaluated
in a vertisol under irrigated condifion. On the bosis of the uptake of
zinc by maize and bengal gram, the performance of different organic
amendments in moize followed the frend; PM > BS = FYM = VC and
in bengal gram : PM>BS>FYM=VC. Substantial buildup of available
zinc in soif was observed due fo the application of above amendments.

Wide spread deficiency of zinc in soil and crops have been reported in Vertisol.
Some of the organic manures are rich in micronutrients, particularly in zinc. The
present study was undertaken to study the effect of different organic amendments
on the zinc availability to maize-bengal gram cropping sequence in a Vertisol of
Karnataka.
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Material and Methods

A field experiment was conducted at Main Research Station. (MRS),-University of
Agricultural:-Sciences, Dharwad {Karnataka) on a Chromic Haplustert during kharif
and rabito investigate the direct and residual effect of phosphorus enriched organic
manures to maize and bengol gram on the availabiljty of zinc under irrigated.
condmon : T

The experiment was laid 50t in spht pIof which consisted of three main plot irectments
viz., Control (0 kg P,O, ha''); 50 per cent of recommended dose of P (37.5 kg
P, O ha'') and 100 per cenr of recommended dosé of P'(75 kg P,O hat) and’
nme sub plot treatments viz., no organic manure, fcrmyc:rd munure ct 51t ha
vermicomgost at 2 t ha'!, ‘biogas slurry at 3 tha' and poulfry monure
at 2tha', P-enriched fcrmyard manure ot 2.5 t ha'!, P-eniched vermicompost at
1t ha!, P-enriched biogas slurry ot 1.5t haand P-enrached poultry manure of
1tha! The total content of the phosphorus in all the selected farmyard manure _
(FYM], vermicompost (VC), biogds slurry (B5), poultry manure {PM) were détermined
and the calculated quantities of each of organic manufe was taken separatély and
mixed well with single superphasphate to the double the guanitity of phosphorus in
each organic manure. Single superphosphate mixed organic manure waos filled
separately in polyethylene bag and required quantity of water was added to each -
bag to maintain field condition (50% of maximum water retention capacity of the |
manuré): These bags were keptfor a period of one month by adding'water as per :
the requirementto maintain uniform moisture level in the entire incubated time.
After the incubation period of 30 days, all these manures were dried and appliedto
soil. Maize variety (Deccan-103) and bengal gram (Annigeri-1) were grown as
test crops. A basal dose of 75 kg N as urea, phosphorus as single superphosphate
and 37.5kg KO as muriate of potash was applied. The characteristics of the soil .
were: pH 7.2,EC 0.15 dSm-1, CEC 40.60 ¢ mol {p*) kg available P 13.2°kg
ha't and available zinc 0.50 ppmi(below the critical level) Seil samples were -
collected at harvest stage of both the crops and available zinc was extracted with
DTPA exiroctant and estimated by using Atomic Absorption Spectrophotometer (AAS). .
Plant samples of maize and bengal gram were also collected at harvest stage and -
analysed for zinc by following standard procedure.sThe nutrient composmon of
orgonrc manures is presented in Table 1. : S

Table-1: Numen_i composition of organic manures (on oire,n dry basis) - -

Properties FYm | vC OBS U] PM
pH (1:2:5) 1670 720 500 | 7.10
Phosphorus (P,O,) % 0.60 0.50 © 070 1.20
Znclpm) | 530 | 05 | 492 | 740

Note T FYM: = Farmyord manure; VC = Vérmicompost; BS = Biogas slurry; PXA = Poultry manure. -



Results and Discussion

The highest zinc concentration of 44.83 ppm was observed due to the addition of
100 per cent RDF-B-Among the organic manures and P-enriched organic manures
the zinc concentration varied significantly from 41.00 to 53.33 ppmM over control
(29.50 ppm) {Table 2). The highest zinc concentration 53.33 ppm was observed
due to the addition of poultry manure. The zinc concentration in maize at harvest
was higher in all organic manures treated plots. On the other hand its concentration
reduced in P enriched manures treated plots due to high available phosphorus
would have reacted with available zinc and precipitated in soil, thus the concentration
of zinc in plant reduced 3|gn1f|contly Among different organic manures both with
and without P-enriched pouliry manure treatments recorded hlgher zinc concertration
in maize (sfrow + grain}. The increase in concentration of zinc in maize might be
due fo high zmc conteni in poul’fry manure and high-zinc relecse to crop.

Tuble-2. Effect of P-enrlched organic munures at ull levels of P-ferhllzer .
on zinc concentrailon (ppm) in plant at hurvesi ‘.“.‘ . . .

C Teament T Moize ) " Bengal grom
B : o - Pooled data for 2 years Pocled dato for 2 years

AR [ {1997 and98) . (1997 - 98 and 1998 - $9}
RS AT L M, M, M Mear Mo M, M, "} Mean
T, - Contre! (RDF-INK} o 29.07 - 285 330 295 240 250} 240 24.33
" [T, - FYM @ Stha"' + RDF- NK 43.0 375 4251 41.00 31.0 355 30.5 | 32.33
T,-VC@ 2that + RDF-NK - | 39.0). 420 44.5 | 41.83 350]-. 355 33.5 | 34.67
.- BS.@ 3tha + RDF- NK 39.5f 480 51.0 ) 4617 310 340 31.5 ] 32.17

T,-PM @ 2t ha" + RDF- NK 495| 540 565| 5333 | 360| 355] 375]2633
r PFYM@2.51ho! +ROF-NK| 400 300| 390 3633 | 300| 330] 345] 325

,-PVC@1the! +RDF.NK | 380| 37.5| 395 3833 340 335| 355]3433
T .P-BS@ 1.5tha" + ROF-NK | 325] 410 450 3950 | 360] - 350) 3503533
T PPM@Hhu‘+ ROF-NK | 425| 490| s25| 4800| 41.5) 375 3703867

Mean ’ 39.22140:61 | 44.83 ' 33.17]33.83 | 33.22
R S.Emx C.Dot (5%) S.Ems - “C.Dot (5%]

M : - -] 0237 0.657 - ‘1 0104 © 0290

T o L Os08 1486 0217 % " 0.403

MxT (T at same level of M) | 1.053 2.920 o 03760 1.044

MxT (M at same or dnfferent

level of T) 1.053 - 4.367 - 10376 - 1.562

ROF-NK= Reécommended dose of nitrogen and potash fertilizers, FYM = Formyerd manure,
VC = Vermicompost, BS = Biogas slurry, PM = Poulty' manure
M, = No P-fertilizer, M, = 50% recommended dose of P-fertilizer (37.5 g P, O, ha')

M, = 100% recommeqde_d dose of Pfertilizer (75.0 Kg P, O, ha)

The highest zinc concentration of 44.83 ppm recorded due to application of 100
per cent RDF-P over control {39.22 ppm). Addition of fedilizer to soil, besides
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adding small quantity of micronutrients as contaiminats, it also increased the
availabiiity of native micronutrients in soil.

The interaction effect of P-enriched organic manures / organic manures with fertilizer
P at all levels of P-fertilizer had a significant effect on the zinc concentration in
maize. This may be due to the difference in the available zinc status of the soil due
to combined application of various organic manures and fertilizers.

The uptake of zinc in organic manures treated plots ranged from 0.65 to
0.85 kg ha' in P-enriched organic manures added plots from 0.59 to
0.92 kg ha'! over control 0.4 kg ha' (Table 3). The highest uptake of zinc was
recorded in P-enriched poultry manure (0.92 kg ha''). The uptake of zinc by maize
from soil depends upon available zinc status of soil and biomass produced by the
crop.

Table-3: Effect of P-enriched organic manures at all levels of P-fertilizer
on zinc uptake (kg ha') at harvest

Treatment Moaize Bengal gram
Pooled data for 2 yeors Pooled data for 2 years
(1997 and 98} (1997 - 98 and 1998 - 99)

M, M, M, Mean | M, M, M, Mean
T, - Control (RDF-NK) 040 | 0.0 052 | 045 | 007 0.12 013 | on
T,- FYM @ 5t ha! + RDF- NK 062 } 0468 | 0N 067 | on 0.18 0.18 | 016
T,-VC @ 2tho! + RDF- NK 0554 066 | 072 | 045 | o 017 0.19-] 616
T,-B5 @ 3tha' + RDF. NK 056 | 077 { 084 | 072 | O.11 0.17 Q.19 | 016

T,-PM @ 2t ha' + RDF- NK 072 | 0.88 0.95 085 | 013 0.19 024 | 019
T,-PFYM@ 2.5tho" + RDF-NK| 0.60 | 0.48 0.67 0.5 | 0.az2 0.19 023 | 018
T,- PVC @ 1tha' + RDF- NK 0.56 | 0.80 0.64 060 | 013 0.18 023 | 0.18
Ty-PBS@1.5tha’ + RDF-NK | 048 | 0.66 0.76 0.64 | 0.14 0.20 0.23 | 0.9
T, - P-PM @ M ha! + RDF- NK 0.65 | 0.82 1.28 092 | 0.i8 0.22 Q.26 { 022

Mean 0.57 0.67 079 013 018 o
S.Em= C.D o3 (5%} SEmz C.D ot {5%)
M 0.025 0.069 0.001 0.004
T ' 0.042 0.118 0.002 0.007
MxT (T ot some level of M) 0.073 0.205 0.004 0.001
" MxT (M ot some or different )
level of T) 0.073 0.306 0.004 0.018

ROF-NK= Recommended dose of nitrogen and potosh fertilizers, FYm = Formyord manure,
VC = Vermicompost, BS = Biogos slurry, PM = Poultry manure
M, = No P-fertilizer, M, = 50% recommended dose of P-farfilizer {37.5Kg P, O, ha)

M, = 100% recommended dose of Pferfilizer {75.0 Kg P, O, hal)

Addition of P-fertilizer at all levels increased significantly the uptake of zinc by
maize and the highest zinc uptake (0.79 kg ha'') was observed due to application
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of 100 per cent RDF-P. Application of fertilizer to soil, besides adding small amount
of micronutrients as an ingredient, it also improved the availability of zinc in soil.
Thus increased the total biomass production of crops which ultimately resulted in
higher uptake of zinc by crop. Anon (1986) observed higher upiake of Fe, Mn, Zn
and Cu by maize due to application of NPK fertilizers over no-P-fertilizer.

Application of P-enriched pouliry manure incombination with the addition of 100
per cent RDF-P was found to be superior in the uptake of zinc (1.28 kg ha') by
maize. Similar observations were reported by Anon. (1987) that incorporation of
crop residues along with NPK fertilizers increased the uptoke of Fe, Mn, Zn and
Cu by maize and succeeding wheat crop in black soil.

The available zinc content in organic manures treated plots was ranged significantly
from 0.79 10 1.83 ppm. In P-enriched organic manures added plots from 0.53 to
1.55 ppm over control (0.7 ppm) (Table 4). The highest availability of zinc in the
soil was recorded in poultry manure treated plots (1.83 ppm). The available zing

Table-4: Effect of P-enriched organic manvres at all tevels of P-fertilizer
on zinc content {ppm) of soil at harvest

Treatment ’ ' Maize Bengal gram
Paoled data for 2 years . Pooled data for 2 years
(1997 and 98) (1997 - 98 and 1998 . 99)

: M, M, M, Meon | M, M, M, Mean
T, - Control (RDF-NK) 040 | 041 0.52 0.45 0.07 0.12 013 | 0N
T, - Conirol (RDF-NX) 028 | 027 0.26 0.27 0.31. 0.30 0.21 | 0.30
T, - FYM @ 5t ha'! 4 RDF- NK 1.63 1.62 1.61 1.62 1.1 1.70 169 | 1.70
T,-VC @ 2tha* + RDF- NK 080 | 079 .78 079 0.92 (3% 050 | 091
T, - 85@ 3tha! + RDF- NK | 152 ] 151 1.5 | 1.51 1.57 1.56 1.55 | 1.56
T, - PM @ 2t ha' + RDF. NK 1.84 1.83 1.81 1.83 1.95 1.94 192 | 1.94

T, - P-FYM @ 2.5tha' + RDF-NK| 1.25 1.24 1.23 1.24 1.34 1.33 1.32 1.33
T, - PYC @ 1t ha'! + RDF- NK 0.54 0.53 .52 0.53 0.61 0.60 059 1 0460
Ta-P-BS@l.Stho"+RDF- NK 113 1.12 1.1 1.12 1.19 1.18 17 1.18
T, -P-PM @ 1t ha' + RDF- NK 1.57 1.55 1.53 1.55 1.55 1.53 1.52 1.53
Mean 118 1.146 1.15 124 1.23 1.21
S.Em+ C.D ot (5%) SEmzx C.Doat{5%)

M 0.006 NS 0015 NS

T 0.015 0.043 0.04% 0.138

MwT [F of same level of M) 0026 NS {0086 NS

MaT {M at some or different .

level of T) 0.026 NS 0.086 NS

RDF-NK= Recommended dose of nitrogen and potash fedilizers, FYM = Formyard manure,
VC = Vermicompost, BS = Biogos slurry, PM = Poultry manure

M, = No P-fertilizer, M, = 50% recommended dose of P-ferilizer (37.5 Kg P, O, ha}

M, = 100% recommended dose of P-fertitizer {75.0 Kg P, O, ha''}
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in organic manures added plots was found more as compored to P-enriched organic
manures. This may be due fo high available P content in P-enriched organic
manures added plots might have precipitated zinc into unavailable zinc phosphate.
Whereas, variation in available zinc in organic manures treated plots might be
due fo variation in zinc content of organic manures.

In orgdnic manure and P-enriched organic manure treated plots the zinc
concentration varied significantly from 32.33 to 38.47 ppm over control 27.33
ppm (Table 4). The highest zinc concentration 38.47 pprn noficed due to the addition
ot P-enriched pouitry manure. The zinc concentration in organic manures was
found higher as compared to P-enriched organic manures treated plots. This may
be due to low available P contfent in organic manures than that of P-enriched
organic manures. Whereas, difference in the concentration of zinc in organic
manures treated plots might be due to variation in zinc content of organic manures
- used for'the study.

The amount of zinc concentration was highest {33.83 ppm) at 50 per cent RDF-P
and no Pertilizer treated plot (33.17 ppm). The zinc concentration differed
significantly with oll levels of P-fertilizer Application of fertilizers to soil, besides
adding small quantity of zinc as impurities increased the avai lability of native zinc
content of soil.

In the combined application of organic manures and P-levels, the highest zinc
concentration (41.50 ppm) was observed in the combination of no P-fertilizer and
P-enriched pm at 1 tha™'. This might be due to the increased available zine status
of the soil due o the addition of organic manures and P-fertilizer.

Among the P-enriched organic manure treated plots, residual poultry manure
recorded maximum uptake of zinc (0.22 kg ha'') over no organic manure (0.11 kg
ha'). The uptake of zinc by Bengalgram soil depends upon available zinc status
in soil and biomass produced by the crop.

The amount of uptake of zinc was highest (0.21 kg ha'") at 100 per cent RDF-P as
compared to no P-fertilizer (0.13 kg ha''). Residual effect of P-fertilizer in soil,
improved the availability of native zinc in soil and thus increased the biomass
production of crops which ultimately resulted in uptake of zinc by crops. Anon.,
{1986) noficed higher uptake of Fe, Mn, Zn and Cu by maize due to addition of
NPK fertilizers over no P-fertilizer.

The interaction between P-enriched organic manures and 100 per cent -KD-P

showed significantly highest uptake of zinc (0.26 kg ha'') was observed in the
combination of 50 per cent RD-P and P-enriched pm af 1t ha'. This may be
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ascribed tothe more availability of zinc and the increase in yield due to interaction
effect of organic manure and fertilizers which ultimately increased the uptake of
zinc. The present observations were in accordance with the reporis of Anon (1987).

The available zine in organic manures applied plots (0.91 to 1.94 ppm) was found
more as compared to P-enriched organic manures (0.60 to 1.53 ppm). This may
be due to high available P content in P-enriched organic manures which might
have precipitated zinc info unavailable zinc phosphate. Whereas, variation in
available zinc in organic manure treated plots might be due to variation in zinc
content of organic manures used for the study.

in all, application of p-enriched poultry manure at 1 t ha'* at alf levels of p-fertilizer
either individually or in combination significantly increased the uptake of zinc by
both the crops. Substantial buildup of available zinc in soil was observed due to
application of above treatment in both the direct and residual effect at kharif and
rabi season, respectively.
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