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the four cyele period using a joint N, P, S band (100 kg.of N as urea, 22 kg and Se (21). Critical S levels in corn plant tissue have been determined but
I' as triple superphosphate, and 57 kg S as CaSO,211,0 ha'y. It is l invariably shawed poor correlation with yield (7,12).
: hypothesized that precipitation of dicalcium phosphate dihydrate (DCPD) and Work by Blair and Lefroy (4), and the International Uertilizer
t s dicaleium phosphate (DCP) took place within the joint N-P-S hand Development Center (10), has indicated that § deficiencies can he found in
gj;;_ 7l subsequently reducing the amount of P fixed as Fe or Al hydroxides and/or soils derived from volcanic ash, due to the presence of allophane which can
Ef amaennts of P complexed with amorphons allophane. The precipitation and bind organic forms of S.  The importance of allophane in voleanic ash
? sibaoquent dissolution of DCPD and DCP within the band could have [ derived soils relative to its fixation capacity for hoth P and S has been
I\ increased I availability with time. Alternatively, SO,” blocking of adsorption addressed by Okajima (15) and Tanaka (23).  As stated by Okajima (I5).
K sites could have increased P availability by reducing the amount of P fixed by "allophane has the marked tendency for aluminum to become active at low
l" the soil. 1 is possible that both of the previously mentioned mechanisms plT values." Furthermore, as weathering takes place, the leaching ol bases and
! plaved a role in first cycle yield responses since increases were noted at the & silica can leave the exchange complex dominated by aluminum and iron as
’ Jow § rate {57 kg S ha''), while reductions were found when the S rate was well as reactive Al and Fe oxides (5). Due to the high P fixation cipacities
i ‘ !E‘! doubled (114 kg § ha"). Significant residual response for the last two cycles of voleanic ash soils, localized placement of P is necessary 1o reduce the
E; _ 'é;.: wae observed for the joint triple superphosphate, CaS0,2H,0, urea hand, ) surface area of the soil in contact with the fertilizer. Applications of
i : E; especially at the high S rate. This suggests that excess precipitation of DCP | superphosphate and potassium were found to induce magnesinm deficiencies
: :U,‘ and DOPTY conld have occurred and that this provided delayed dissolution of in voleanic soils in Japan (23). Blair and Lefroy (4) concluded that weathered
L ';-\"'E the precipitated P reaction products.  Chemical characterization of ) tropical soils generally have a higher anion exchange capacity compared with
? '1:‘_ precipitated reaction products within the hand is needed as well as further temperate soils and a greater capacity to adsorh sulfate. Studies conducted
.%*: !‘ '“ verification on similar soils in order to validate the observed response. hy Chao et al. (6), dispute this point, suggesting that anion exchange was not
: '..:" l involved in the retention of sulfate. Further work by Blair (5}, noted the
f 3:;1' INTRODUCTION tendency for rapid removal of bases from the profile of soils formed in the
;"fi E': Sulfur (S), phosphorus (), and calcium (Ca) deficiencics are generally humid tropics under high moisture percolation. Experiments reported by
; o~ claraeleristic on voleanic ash derived soils. However, sulfur use efficiency is Pearson et al. (17), showed that 90% of all water soluble hases were leached
; Ly o interact antagonistically with P and Ca applications (38.1L16). P 4 sulfate in acid Latosol and Red-Yellow Podzol profiles.
Flement«l snlfur and ammonium sulfate have been used to correct § ; Annual burning of previous cycle residues prior to planting is conunon
' deficirnries, liowever, the use of this source can further accentuate soil acidity in most maize based production systems in Central America. Thic it done
E vin oxidation processes. Although Pasricha and Aulakh (16) noted the primarily to control Phyllophaga spp. and other snil horn insects.  This
' importanes of phosphorus and lime for gmundnut production in India, hoth practice contributes to soil erosion and can volatilize up to 7557 of the sulfur
‘ practices were fonnd to decrease the sulfate retention capacity of the soil. \  present in the organic residue (19).
i‘“‘" There is nlso recent evidence to suggest similar S interactions with Z.n, K, Mo, Dicalcium phosphate dihydrate (CaHPO,2H,0) was found to form in
Terwt
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16451 RAUN AND BARRETO

soils having n senter-soluble calcium to magnesium ratio of approximately 1.3
or greatar vhen nrthophogphates were added to soils with varying Ca and Mg
levels (19).

Nintheds of sulfur application in combination with other nutrients,
particulaly the use of consolidated band applications in minimum tillage
systemia tav heen given little attention in Central America. Therefore, the

abiretiva of this eyperiment was to determine the effectiveness of joint band

applicstions of M, P, and Son maize grain yields in a minimum tillage system

o veleanic ash derived soil.

MATERIALS AND METHODS

In Decenber, 1987 one maize (Zea mays L.) field trial was initiated near
Cuynta, Guatemala (1000 m above sea level) to evaluate .ioi.nt band
applications of N, P, and S. Over a two year period, four cycles of yield data
were collected (2 rainy seasons and 2 dry seasons) from this continuous
experiment. The soils of this region have had the predominant influence of
three nearby volcanoes, and receive 1400mm  of precipitatinn/ycar.
Generally, over 90% of the total rainfall is received during the months of May
throngh October, Soils most commonly have a sandy loam texture.
Composite soil samples at depths of 0-15 and 15-30cm were taken prior to
treatment application and planting in December 1987 for site characterization
and soil analvsis (Table 1).

The experimental design was an incomplete factorial randomized

eompiste Rlack with three replications. No tillage operations were made in

any syele ether than narrow furrows made in every other row parallel with
replications to acenmmodate irrigation during the dry seasons (Decémher
1087 snd PDecember 1088). Weeds were controlled hy pre-plant applications
of "Atrazine’ (2 ~hloro-4 ethylamino-6 isopropylamino-1.3,5 friazine) at 2 kg
agquat’ (1,U-dimethyl-4 A-bipyridilium jon) at 2 1 ai. ha',
id (ICTA 1IB-83) was hand

. 1 o s
ad b oapd Tar

A leptemala national program maize hybr
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Table 1. Initial soil test characteristics, Cuyuta, Guatemala, 1987,

Depth plt’ OM P® K Ca? My
cm % mg kg' - emol( +) kg'
0-15 5.9 4.1 6.0 0.57 623 2.87

1 - I:1, soil:waler

@ - double acid extractable (0.05 N HCl + 0.025 N H,50,)
# - 1 M NH,OAc extraction

e - Thomas (24).

planted at a depth of 5 cm in December 1987, May, 1988, Drcember 1788
and May 1989 respectively, at populations of 55,000 seed ha™'. Plots consisted
of six, 0.90m rows, 5.5 meters in length.

Urea (100 kg N ha') was evaluated in combination with 1, 57 and 114
ke S ha?! as CaSO,2H,0 in a factorial arrangement, with (22 bu ¥ T 'as
triple superphosphate) and without P. Other treatments were ineluded as
checks for N, P and S response outside of the factorial. Treatments 4 and 11
(100N 22P 0S) were identical and served to estimate treatment appliention
accuracy (Table 2). Fertilizers were applied in the same caontimions hand
prior to planting, 7 cm to the side and 7 cm below the seed nn the Weat and
Fast sides of the maize row in the December 1987 and May 1988 cyeles
respectively. Because residual P and S effects were of interest, the thivd and
fourth cycles (December 1988, and May 1989, respectively) were treated s
residual experiments wherehy all plots received 100 kg N/ha as nrea spot
applied (5 cm below the surface of the soil, at .25 m intervals) in the conter

of the maize rows to avoid disturbance of bands made in the first two eveles,
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Tabie 2. Treatmen: siructure and maize grair vield means a8 affecied by join: band anplications of
N. P. anc £ 1987-3¢. Cuvure. Susismais.

a9

T N P 5 --Treated Cycles-- --Residual Cycles--
# rate rate rate Dec. 87 May 88 Treated Dec. 88 May 89 Residual
Mean Mean
—— kg ha grain yield Mg ha™ .
1 100 0 0 5.51 439 4,95 3.89 5.40 4.65
2 100 © 57 6.58 491 5.75 4.56 5.32 494
3 100 O 114 7.34 4.56 5.95 4.62 5.90 526
4 100 22 0 6.09 4.67 5.38 4.13 5.24 4.68
5 100 22 57 7.45 5.31 6.38 5.17 5.90 5.53
6 100 22 114 6.41 4.54 5.48 5.48 5.64 5.56
7 0 0 0 5.36 1.28 332 333 4.57 3.95
8 0 22 0 6.77 2.25 4.51 4.97 5.76 536 0
9 0 0 114 6.13 1.05 3.59 447 5.76 5.11 E
10 0 22 114 4.55 1.12 2.84 3.64 438 4.01 ~
11 100 22 0 6.53 434 5.43 4.39 493 4.66 -2:
=
N applied as urea, 46-0-0 é
P applied as triple superphosphate, 0-46-0 <
S applied as CaSQ,2H,O. 0-0-0-18.6
: —— —_ o . e e—— 4= T Tt -
Table 3. Analysis of variance and associated contrasts for maize grain yield as affected by joint band =z
applications of N, P, and § (Dec 87 & May 88), and residual (Dec 88 and May 89) cycles, >
Cuyuta, Guatemala, 1987-89. B
Source of Variation di Dec 87 & May 88 Dec 88 & May 89 é
-————ee—— Mean Squares ---—--=----m=- g
Replication(R) 2 426" 0.40 =
Treatment(T) 10 8.09*" 1.85%" &
R x T (error a) 20 0.54 0.24 >
Cycle 1 125.23** 13.94** Z
Cycle x Treatment 10 2.68"= 0.24
Residual 22 021 0.17
Coefficient of Variation, % 9.4 85
CONTRAST
(Treatment)
PO, S rate linear 1 3.00* 1.14°
PO, S rate quadratic 1 035 0.01
P22, S rate linear 1 0.03 2.30"*
P22, S rate guadratic 1 3.61* 0.69
0-0-0 vs, 0-22-C 1 4.26%" 6.00%
0-0-0 vs. 0-G-114 033 467
1 g.40°" a7
-37 1 LG yii i
-4 1 0.67 0.27
(Cyete x Treatment)
Cycie x PO, S raie linear 1 2.08%*
Cycle x 0-22-0 vs0-22-114 1 0.88*

1991

*, - significant at 0.05 and 0.01 probability levels respectively
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Maize cars were hand harvested from § m of the center two rows,
weighed and snbsampled for moisture. A shelling percentage of 80 was used
for final arain yield calenlations. Tnitial soil test data for this site is listed in
Talle 1. Becanse the last two years were used to evaluate residual P and S
efferts, annlyzis of variance was conducted on the first two and last two cycles,

reeneetiot e (Table 3).  Linear, quadratic and various  non-orthogonal
' :

—
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response to applied S was observed in the following May eycle breanse
increased mineralization of organic S from the previous year's residur was
expected during the rainy season.

The combined analysis of grain yield over the first twa cyeles indicated
a linear response to § when no P was applied while S response wis quarliatic

when P was applicd at 22 kg P ha™' (Tables 2 and 3). Althouph the cyche Iy

enntnats wore examined where appropriate. treatment interaction does not permit evaluation of the latter, main ¢ffects

were of interest in light of data obtained from the two ensuing residual cvcles,

RESULTS Where no N was applied a significant response to P was observed (0.0-0

i Yogrmarfoer o7 el I ] | : : ans averaged for .
; Deeiier 37 ool May 88 Cycles_ (Treated): Treatment means aver ged versus 0-22-0). No response to S was observed when N was not applied (0.0-

treatei o residnal cyeles and by individual cycle are found in Table 2. A 114 versus 0-0.0). When both P and S were applied without N, vields vere

sioniticant evele by treatment interaction was found from the combined |

reduced 1.67 Mg ha™ compared to P without N (0-22-0 versus 127 114),

o anateris, priformed on the first two cycles of yield data (Table 3). In general Response to applied P at the low S rate in the presence of N v nat
O treativent response was similar for the first two cycles except for plots without PR
1. ] Y ) P . ' \ significant (100-0-57 versus 100-22-57).
Pl N, pael thiz acconnted for much of the cycle by treatment interaction variance. l Dicoriiher 08 | May 89 Cycles_(Residual): The cycle by treatment
": S P T il ) B DX . : . 3 ) ‘ SSESS V*wﬂjf— o ..._ldu-a‘._____ \ re
% oty Resiciial snil M levels were high in the first cycle, but were virtually depleted interaction for the two residual cycles was not significant thus permitting
} \i by the seeond cycle as can be observed in Table 2. A significant cycle by , independent treatment evaluation across the last two cycles. Yicld response
. am by 9 . . .
T treatimert interaction was also observed in the response to applied S when P to previously applied S remained linear when no P was applied, while
ey v - . ape . . , ) ‘ B
p " was 1t 1ppiid (Tahle 3). The significant interaction contrast "Cycle x PO, ' response to S when P was applied was linear, compared with the abserved
" s . y opepe i . . . "t H
? 0w S gt lioenr (Table 3) indicates that although a linear response of grain yield quadratic response in the first two cycles (Tables 2 and 3). A signiticant
k ey . ~ . . -1 i
B L. annlicd S was pr y , o . )
Lo, to nplicd S was present in the first cycle (555, 6.58 and 7.34 Mg ha™ at 0, residnal response o P applications made in the first two eycles was obhserver
- -y, . :
Eoa)i 57 ancd 114 ke S hat res i sponse to S was : . .
- 31 57 amd 114 by S ha'! respectively), no significant response tc applied S wa (+141 Mg ha', 0-20-0 versus 0-00). Residual cycle yields were famd 1o
ghivel, PSITLOM, T (e ’ % a’! , e :
f present in the recond cycle (May 1988, 4.67, 4.91 and 4.56 Mg ha™ for the increase significantly when S was applied without N and P in contiast 1o the
cime € rates respectively).  May and December cycles discussed differ in ( first two cycles ( 116 and 0.27 Mg ha™* for 0-0-114 and 0-0.0, respectic oty )
P \ . , — . : Y ‘
g terme of borh rainfall and soil temperature.  As such, mineralization rates | Residual response to P and § applied together without N decreasd ickle
; . . g 3 ! '
! amit the poiential for increased leaching lnsses on these coarse textured soils compared to only P without N (-1.35 Mg ha™, 0-22-0 compared 10 07 2-114)
are expreted to he much higher for the wetter May cycle. Because this trial Phosphorus applications at the 57 kg S ha! rate with N incienced vie el
wae initinted in the December cycle on land that had heen continually tilled L 059 Mg hal in the two residual cycles (100-22-57 versuis 100 (0 57)
'! far the past teenty years, N immobhilization during the dry December cycle i

was cxpected in (hese new minimum tillage plots. T is sugpested that no
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DISCUSSION

Vichds of cheek plots without N in the December 1987 cycle indicated
et eesidual M fertility levels were high at this site (Treatments 7-10, Table
2) hithe cnouing May 1988 cycle, treatments receiving no N showed marked
reduciions in grain yield. A significant response to applied P was evident in
the teated and residual cycles when comparing treatments 0-22-0 and 0-0-0
(b and 1Ll Mghu", respectively).  Alternatively, when N and P were
not applicd, 5 iesponse was not evident in the first two cycles (0-0-114 versus
00 0) However, yield response to applied S was observed for the residual
cycles when comparing these same two treatments.  Because solubility of
Cab0, 21 0 is known 1o be low and independent of soil pH, the slow
dissociation of this S source could account for the different responses
observed 1 the treated and residual cycles (0-0-114 compared to 0-0-0).
Interestingly, when P and S were applied without N, yields were reduced
compeaied to P and § alone in the first two cycles (0-22-114 versus 0-22-0 and
O 0- 11, respectively).

‘the contrasting trends in S response observed in treated versus residual
cydes when PN, and § were applied together (quadratic and linear
tespectively tor 100-22-0, 100-22-57 and 100-22-114) are difficult to explain
(Tables 2 and 3). A yield depression was found when joint N-P-§ bauds were
cipluyed at the high S rate in the treated cycles (Tables 2 and 3), followed
by a positive yicld response in the residual cycles for 100-22-114. One
possitle explination could be that almost complete inactivation of applied P
(presiptiation of P as dicaleium phosphate (DCP), dicalcium phosphate
diliydiate (DCPD) and/or other forms including ammonium phosphate) took
place at the high S rate, thus reducing yield to 0-P levels. If this were the
case, then one would expect this treatment to yield equal o the 100-0-114
treatinent which was not observed. Work by Lindsay (13) indicated that

incusion ol cations such as NH4*, K', Ca' ', and Mg' ' in fertilizers enables

e, T T — g T, A I [P ——r
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hiese cations to be included among the initial reacuoin proadads,

Monocalcium phosphate (MCP, Ca(11,P0,);,2H,0), which is the princial ¢

LI

source in ordinary superphosphate (OSP) and triple suparphosplinte (0520,

contains sulficient Ca'* 1o precipitate half of the phosphorus as dicaicium
phosphate or dicalcium phosphate dihydrate (13). {n acid soils fron and
aluminum generally precipitate the additional phosphorus wlhichy 1ezult in
highly insoluble forms of P at low soil pll. Upon dissociation ol ihe
CaSO,11,0 in the joint N, P, CaS0,211L,0 band, precipitation of DCP and

t

DCPD may have taken place because of the presence of the added Ca'

H

Given that these soils are known to have high P fixation cupacitics, DO and
DCPD could have been slowly available with time, thus reducing the amoual
of applied P fixed as unavailable Fe, and Al hydroxides and/or allopline P
forms. Alernatively, SO, blocking of anionic adsorption sites could help
explain the apparent increased P availability when CaSO, 21,0 was applicd.
However, this does not account for the reduced yields observed at the high
S rate in the first cycle.

In the treated cycle analysis, the 100-0-114 treatiment had w non
significant greater yield compared to 100-22-114 in the Decemnber 1987 cycle
(Tables 2 and 3). Itis hypothesized that in addition 1o havitg 1 precipitated
in initially unavailable forms (DCP and DCPD) in the 100-22-114 treatnent,
ammonium phosphates may also have been precipitated reaction products,
Work by Savant and Racz (20) has discussed the importance of P scaction
products, particularly metastable intermediate products which are expected
1o dissolve with time. Decreased N availability as a result of having initial
precipitation of ammonium phosphates from the joint 100-22-114 treaument
compared to 100-0-114 appears to be a reasonable explanation for the
observed tendency of increased yields in the two residual cyies for the 100-
22-114 treatment. Work by Fenn and Taylor (9), indicaled thit the paesence
of additional Ca induced increased N, absorption in Rapiiiius SN

a result of having combined CaCl, and urea. In addition, iiller et al {14),
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drpyenstrated that decreased rhizosphere pH as a result of NH, uptake could
ineronse 17,702 /PO, ratios thus increasing P availability. Characterization
of the netuat band in terms of pll changes with time and how this affects
rea-iion products remains to be investigated.

2 agidnal response for the check plot treatments receiving S, P or both
(Treatments 8-10) was not consistent with observations made during the
trant~l eviles, since the 0-22-114 treatment actually showed decreased yields
in all eveles compared to 0-22-0 and 0-0-114. Apparently, N applied within
the et i having an effect on availability of the precipitated products since
o residien] response was observed in the check treatment having both P and
S, Wiether this is due to an initially higher pH (urea hydrolysis) and a
suberouently lower pll (nitrification) within the N-P-S hand, or to the effect

»

of 191," an precipitated reaction products is not known, Because previous
recearch hins demonstrated that the same P fertilizer can form many different
P compennds of different solubilities in different soils (22), verifying these
suppeste:l tenctions will require substantial laboratory analysis to identify

actnat precipitation reaction products.

CONCLUSIONS

Maize grain vield data was collected in 2 rainy and 2 dry seasons within
a 2 vear perind on a volcanic ash derived soil in the Pacific coastal plain of
Tnatemata, Fertilizer treatments consisting of various combinations of N as
uren, P oas triple superphosphate and § as CaS0,2H,0 were joint band
applied in the treated cycles (December 1987 and May 1988). In the residual
eveles (Deocrmber 1988 and May 1989) all plots received only N to evaluale
residinl response 1o P and S applications. Grain yield response to applied P
aned € wae evident in hoth the treated and residual cvcles. Over the four cycle
pericd, vields were mavimized when N, Pand S (100 kg N ha™! as urea, 22 kg
P el e (il cmernhosphate and 57 kg S ha as CaS0,21,0) were applied

fagether in o Busind hand Jem (o the side and 7em below the seed. Although

e pp—

-,
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yields decreased when S was applied with N and P at the high S tare (100 22-
114) compared to 100-22-57 in the treated cycles, residual yields for 100.22-
114 were at near maximum levels. By joint band appling wiple
superphosphate and CaSO,2H,0, itis hypothesized excess Ca* * was availahle

for formation of initial reaction products that included dicalcinm phosphate
(DCP) and/or dicalcium phosphate dihydrate (DCPD). Althongh DCT and

DCPD would be very slowly available at low pl, this precipitation wonld
reduce the amount of phosphorus complexed with amorphous allophane
and/or precipitated as highly insoluble Fe and Al phosphates. By teducing
the amount of P fixed in these highly unavailable forms as a result of
precipitated DCP and/or DCPD, a slow release form of P mav have been
achieved. Tt is also possible that SO,™ blocking of positively charped
adsorption sites may have decreased soil-P fixation when CaSO 11y was
applied at the low S rate. Contrasting results from treatments reeeiving P and
S with and without N in the residual cycle analysis, suggests th reaction
products were altered when N was applied within the joint V-5 P
However, it is apparent from the results obtained on this soil type that triple
superphosphate and CaSO,2H,0 should not be applied together (at the rates
used in this experiment) without N. Future experiments will tequire
substantial lahoratory analysis to either validate or annul the hvpothesis which

have been proposed.
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