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ABSTRACT

The impact of agricultural intensification on soil degradation now is occurring in tropical countries. The objective of
this study was to determine the effect of long-term tillage and N fertilization on soil properties and crop yields in
corn-soybean rotatioithis long-term study which initiated since 1987 was carried ouffgpia Fragiudult soil at
Politeknik NegerLampung Sumatra (108.3'45.5"-10313'48.0"E, 0521'19.6"-0321'19.7"S) in 2010 and 2Q1A

factorial experiment was arranged in a randomized block design with four replications. The first factor was tillage
system namely intensive tillage (IT) and conservation tillage (CT) which consist of minimum tillage (MT) and no-
tillage (NT); while the second factor was N fertilization with rates of 0, 100 and 200 kgappked for corn, and 0,

25, and 50 kg N hifor soybean. The results showed that bulk density and soil strength at upper layer after 24 years
of cropping were similar among treatments, but the soil strength under IT at 50-60 cm depth was 28.2% higher
(p<0.05) than NTSoil moisture and temperature underd0-5 cm depth were respectively 38.1% and 4.5% higher
(p<0.05) than ITHigh N rate decreased soil pH at 0-20 cm depth as much as 10%, butincreased total soil N at 0-5 cm
depth as much as 19% (p<0.08).0-10 cm depth, MTith no N had highest exchangeable K, whileih medium

N rate had the lowest (p<0.03}% 0-5 cm depth, MTwith no N had highest exchangeable Ca, but it had the lowest
(p<0.05) if combined with higher N rate. Microbial biomass C throughout the growing season for NT was consistently
highest and it was 14.4% higher (p<0.05) tharddmpared to I;]Ap horizon of CTafter 24 years of cropping was
deeperwith lamger soil structure and more abundance macro pores. Soybean and corn yields for longvtersn CT
64.3% and 31.8% higher (p<0.05) thandd@spectivelyCorn yield for long-term N with rate of 100 kg N*haas

36.4% higher (p<0.05) than with no N.

Keywords Conservation tillage, crop yields, N fertilization, soil properties

INTRODUCTION Plant residue from previous crop season which
used as mulch is important in CT practices. Thisis
The impact of agricultural intensification due not only because effective in reducing soil erosion,
to the need of food on soil degradation now is but also effective in converting the substrate to
occurring in tropical countries where the resourcesmicrobial biomass carbon (Dickest al. 1991,
are scarce, fragile, and stressed by a harsh climaté/Nright and Hons 2004; Smith and Collins 2007,
Conversion to recommended soil managementUtomoet al. 2010), and increasing of soil organic
practices such asCT can reverse the degradatiogarbon that influence on soil physical, chemical and
trend and lead to a gradual improvement in soil biological properties especially in surface horizon
quality (Lal 2007). Conservation tillage is any tillage (Stockfisch et al. 1999; Fernandet al. 2007,
or cropland system that leaves at least 30% planiThomaset al.2007; Brady antVeil, 2008; Quintero
residues as mulch covering soil surface (Lal 1989;2009; Utomaet al.2012). In long-term period, shift
Lal 1997; Utomo 2004). In Indonesia CT that from intensive tillage (IT) to less tillage (CT),
includes MT and no-tillage (NT) corn and soybean therefore, could promote better soil property
now are increasingly adopted by farmers because = However numerous experiments on soil
of lower production costs compared to intensive properties between NT and IT performed different
tillage (Utomo 2004). results, depending an situcondition and period of
measurement (Fengyenal.2011).A classic study
on long-term NTin Kentucky USA, showed that
after 10 years of continuous NT corn production,
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to IT (Blevinset al. 1983). While in chemical spacing 20 x 25 cm on May 10, 2010; while hybrid
properties, when high N fertilizer rates were used, corn Zea may4..) varietyPioneer21 was planted
the rapid acidification of the soil surface under long- at 3-5 cm depth at spacing of 75 x 25 cmJanuary
term NT was observed, exchangeable K and Ca9, 2011.
were decreased with depth (Blevins and Frye 1993). Prior to soybean crop season in 2010, plot land
Recent studies confirmed that long-term continuouswas covered with mixture of broadleaf weeds and
NT increased SOC and improved soil physical alang-alang(Imperata cylindrica) In CT plots,
properties (Quintero, 2009; Blanco-Canatial. thoseweeds were sprayed witilyphosateof 4.8
2010). Sudy on Holdrege silt loam (fine-siltgnixed, L a.i. hat and mixed withRhodiaminel.0 L ha.
mesicTypic Argiustolls) in Nebraskahown that  Similar weed treatment was also executed prior to
after 27 years of cropping, there were differencescorn season in 2Q1In CTsystem, all dead weed
in soil chemical properties between IT and NT at and previous crop residues were used for mulch
some depthgTarkalsoret al. 2008. covering the soil surface, while in IT system, all
In Indonesia howevethere are no recorded weeds and previous crop residues wenaoved
data on soil property changes as influenced by longfrom the plots. In no-tillage (NT) system, the sail
term management practices. The study waswas undisirbed except slit for planting the seed;
undertaken to determine the effect of long-term (23while minimum (MT) system, the soil was slightly
and 24 years) conservation tillage and N fertilization plowed at 0-5 cm depth. In contrast to CT system,
on soil properties and crop yields in corn-soybeanthe soil was plowed twice at 0-20 cm depth. Nitrogen
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rotation system. source for the N treatment was Urea 46% N.
Nitrogen fertilizer application was applied as hand
MATERIALS AND METHODS banding close to the row of crop. week after
planting, P and K fertilizers at rates of 100 kg SP-
Long-term Experiment Site History 18 ha! and 100 kg KCI hawere applied as basal
o , fertilizers, respectively (Utomet al.2010).
This field study was conducted in 2010 andi201 Soil samples for selected soil physical properties

at the experiment farm ofoliteknik Negeri  \yere taken after corn harvest in 205o0il bulk
Lampung Sumatra, Indonesia. The plot site is density was determined by the core mett@ldke
located at 105.3’.45.5"-10313’48.0"E, 0521’19..6"- and Hartge 1986at depths of 0-5, 5-10 and a 10-
0521°19.7"S with elevation from sea level is 122 20 ¢m depth, while total porosity was calculated from
m. As part of long-term conservation tillage pyik density and particle densitgoil strength
experiment which initiated in 1987, this study was (penetration resistance) was measured at the depths
carried out on dypic Fragiudultsoil with the slope  f 0-2.5, 2.5-10, 10-20, 20-30, 30-40, 40-50, 50-60
ranged from 6 to 9%Jtomoet al. 1989; Utomeet  ¢m using a hand-pushed penetrometer (Eijkelkamp
al. 2010).Due to increasing soil compaction within - Agrisearch Equipment). Soil moisture and soil
5 cm depth, all plots of CT were plowed after 10 temperature at 0-5 cm depth were measured using
years of cropping (1997) and after 15 years of 5oj| moisture and soil temperature tester
cropping (2002). In fact, there was a significant sojl samples for selected soil chemical properties
acidifying effect of continuous cropping after 14 \ere taken at depths of 0-5 cm, 5-10 cm and 10-20
years.To avoid further acidification, therefore, all  ¢m prior to soybean planting time in 2010. Those
plots in 2003 were limed with 4 Mg fiaf CaCQ  included soil pH (1:2.5), total soil N (macro-Kjeldahl),
(Utomo 2004; Utomet al. 2010). and exchangeable K and Ca ()@Ac,AAS). The
Methods and Field Procedures reference site adjacent to the plots which naturally
A factorial experiment of soybean-corn rotation covered byalang-alang(Imperata cylindricajand
was arranged in a randomized block design withsimilar to the initial condition of the plots was
four replications. The first factor was tillage sampled at depths of 0-5, 5-10 and 10-20 cabi@
treatment, namely intensive tillage (IT), minimum 1), Microbial biomass C which was sampled at depth
tillage (MT) and no-tillage (NT); while the second of 0-20 cm throughout the corn season was
factor was nitrogen treatment with rates of 0, 100 determined using the chloroform fumigation-
and 200 kg N hafor corn, while 0, 25 and 50 kg N incubation method.
ha! for soybean. Plot size of this long-term For soil morphological characteristics after 24
experiment was four by six meters (Utomibal  years of cropping (1987-2Q), representative of
1989). The cereal-legume-fallow rotation micro soil pedons were selected only on plot of long-
sequences were set each y&aybean$oya max  term tillage systems (ITMT and NT) combined
(L.) Merr.] variety Tanggamuswas planted at  with highest N rate treatments 50 or 200 kg N ha
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Tablel 1. Soil chemical characteristiagefelence sitgrior to soybean planting, 2010.

Depth pH Organic C Organic N P Ca Mg K Na
(cm) H,O KCI (g kgh) (gkg) (MO KGY) oo (Cmole Ky ...
05 6.0 5.2 13.6 14 4.2 7.82 2.74 0.97 0.66
5-10 5.9 5.0 194 1.8 4.4 7.36 2.38 0.79 0.52
10-20 5.9 51 17.6 1.7 4.2 6.78 2.02 0.70 0.55
1. To assess soil morphological characteristics after Soil strength (kPa)
24 years of cropping, the micro soil pedons with 0 200 400 600 800
depth of around 50 cm was taken after corn harvest 0 ' ' ' !
in2011. 104

Soybean and corn grains were harvested on
July 2010 and FebruaB012 from 1 rhand 8.5 rh
in the center of each plot, respectivelgybean yield
value was computed on 12% grain moisture basis,5
while corn yield value was 14% grain moisture basis. S 40-

h (cm)

304

Satistical Analysis o]
@ 50,
Statistical analysis of the data was run using
the Satistical Analysis System packag&AS 601

Institute 2003). TR mean separations among

treatments were obtained by honest significant

difference (HSD 0.05). Figure 1. Soil strength after 23 years of cropping
(1987-2010) as affected by tillage system
at 0-60 cm depth; intensive tillage
(—e—), MT= minimum tillage —&-),
and NT= no-tillage —&—)

RESULTS AND DISCUSSION

Soil Bulk Density and Soil Strength

Soil bulk density is one of the most common
variables used to assess soil physical propertie
which influences total soil porosjtynovement of

S!oenetration) of all tillage treatment increased with
depth, but the increased of soil strength under IT at
water and nutrient and the penetration resistance®0-8 ¢m depth was 39% and 16% higher than NT
of root (Fengyuret al. 2011; Mallory et al. 2011). and MT, respectively (Flg_ure Table _2). It |nd|ca_ted
Different from reported by Singh and Kaur (2012), that long-term IT C(_)ul_d induce soil compaction at
soil bulk densities in this long-term experiment at 20-60 cm depth. Similar results were reported by
depths of 0-5 and 5-10 cm were not affected eitherPICkey et al. (1994) and Singh and Kaur (2012).
by long-term tillage or by N'fertilization treatments. <] Moisture and Soil Temperature
No response of bulk density to the treatments was
also reflected on total soil porosity parametar Soil moisture and soil temperature were
fact, the different results among researchers on bulkmeasured during vegetative growth of soybean
density studies are very much dependingnaitu (2010) at 0-5 cm depthiillage system was the only
condition and period of measureméréngyunet treatment that significantly affected (p<0.05) soil

al. 2011). Soil moisture during sampling date was
relatively moist and was not significantly difference
among treatmentsuqpublished datp The
average of bulk density and porosity of long-term
CT at 0-10 cm depth were 1.08 Mg mnd 59.3%,
respectively

Soil strength is the property of soil that can limit
root penetration (Brady andfeil, 2008).As those
of soil bulk density and porositihe soil strength at

moisture and soil temperature. It turned out that soil
moisture under NT was significantly higher (p<0.05)
than IT, but not significantly dierent from MT
(Table 2).The higher of soil misture under CTNT

and MT) compared to IT was in agreement with
those reported bglevinset al.(1983), Diaz-Zorita

et al.(2004), and Singh and Kaur (2012is was
attributalbe to the effect of plant residues left on
soil surface with respect of Cfhat could reduce

the upper soil layer was not affected (p<0.05) by water evaporation resulted in higher soil moisture

tilage and N fertilization. Soil strength (soil

content (Blevin®t al.1983; Utomo 2004)Strong



4 M Utomo et al.: Long-term Tillage and Nitrogen Fertilization

Tabel 2. Soil moisture, soil temperature and soil strength after 23 years of cropping (1987-2010) as
affected by tillage systems and N fertilization.

Soil moisture (%) at 0- Soil temperature®C) at 0- Soil strength (kPa) at 50-

Tillage treatments 5 cm depth 5 cm depth 60 cm depth
Intensive tillage 16.0a 28.8a 710 c
Minimum tillage 22.1b 30.0b 610 b
No-tillage 22.0b 30.1b 510 a

Values within a column followed by the same letter are not significantiréift at 0.05 level.

effect of CT on soil moisture was also related to Frye (1993), Karleret al. (1994) and Utomet

higher soil organic matter under this long-term CT (2010 that soil pH under CT at surface layer
soil (Utomoet al.2010; Utomeet al.2012). Mallory  \\ ~< |ower than IT

et al (2011) confirmed that greater water storage Regardless the tillage system, soil pH at 0-5

in no-till soils can be attributed to the larger ., depth was lower than that of 10-20 cm depth
percentagef meso-pores and mMacro-pore 4,4 soil pH under long-term CT tended to be higher
continuity. _ _thanIT across the soil profile (Figure 2). Even though
Soil temperature under NT in temperate region g pH was not affected by long-term tillage, but
was usually lower than that of IT (Blevins and Frye, oter tg soil pH at reference sitafiie 1), it indicated
1993; Rasmussen, 1999; Singh and K&012). ¢ jn |ong-term crop production, any tillage had

Difference from those findings, howeyeoil  ginijar acidifying effect particularly just few cm at
temperature at 0-5 cm under NT or MT in this the upper soil layer

experiment (tropical environment) was significantly As those reported by Blevires al (1977) and
higher (p<0.05) than soil temperature under IT Barak et al (1997), soil pH in this long-term
(Table 2). Even _though the presence of mulch iNaxperiment (after 23 years of cropping) was
NT could potentially heating the heat to a greater yocreased (p<0.05) with increasing N rate. Soil pH
depth, thus increased soll mo!sturalﬂlé 3),butat i rate of 200 kg N haat 0-10 cm depths was
0-5 cm depth, the heat r_ecelved by mulched _NT7% lower (p<0.5) than that with no N fertilizand
tended to offset the cooling effect of evaporation gy 194 lower (p<0.05) at 10-20 cm deptrable
with respect of NT 3). This was attributed to an acidifying effect of N
Soil pH and Total Nitrogen fertilizer (urea) that could decrease soil pH as shown

in this reaction (Havlirt al.2005):

Soil pH is among important factors that can .
influence soil chemicatharacteristics and crop (NH,),CO +4Q=>2N0O/+ 2 H +CO,+ HO
yields (Brady andVeil, 2008). Similar to those Hydrolysis and nitrification of urea as an acid
reportedby Kumar andvadav 2005), soil pH at  forming fertilizer in well-drained soil would induce
all depths was not affected by tillage treatment soil acidity (Baralet al. 1997). This is an indication
and its interaction with N fertilization, but was that long-term nitrogen fertilization has stronger
affected by N fertilization except for 20-40 cm acidification effect than long-term tillage systems.
depth (Rble 3). Less acidificationfefct of CTin Refer to reference site ible 1), long-term N
this experiment was attributed to stronger buffering fertilization could reduce soil pH at the upper soil
capacity with respect to CHowever this finding layer.
was difference from those reportediigvins and

Table 3. Soil pH after 23 years of cropping (1987-2010) fastafl by N fertilization at O-

40 cm depth.
_ Soil pH
Nrate (kgNhd) —5=- 510 cm 10-20 cm 20-40 cm
0 5.93 b 6.13 b 631D 5992
25 or 100 5.92 b 6.15 b
50 or 200 5.54 a 570 a 5.67a 558 a

Values within a column followed by the same letter are not significanfiréiftat 0.05 level
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Table 5. Exchangeable K and Ca after 23 years

Soil pH(HO) of cropping (1987-2010) as affected by
05-6 5.7 5.8 59 6.0 6.1 interaction of tillage systems and N
fertilization.
5.
Treatment K Ca
= 19 combinations 05cm _ 510cm _05cm
o 15 Intensive tillage:  ............ (Cmole Ky ............
£ 0 kg N ha 048ab 0.39ab 6.13ab
3 20 25(100)kgNhd 0.28a 02la 57lab
B o 50 (200)kgNh&a 0.3lab 0.22a  6.20ab
« Minimum tillage:
301 0 kg N hat 0.75b  0.70b  7.40Db
354 25 (100) kgNhd 0.62b 0.57b 6.89 ab
50 (200)kgNhd 0.38ab 0.34ab 5.38a
40 No-tillage:
45 0 kg N ha 055b  0.50b 6.51 ab

25(100)kgNha 0.58b  051b 6.75 ab
Figure 2. Soil pH profile after 23 years of croppin 50 (200) kg N h&a 0.60 b 045ab 6.60 ab
(1987-2010) as affected by tillage systen
at 0-40 cm depth; intensive tillage
(—@—), minimum tillage —g—) , and
no-tillage ——). rate of all depths were significantly higher (p<0.05)
than with no N. This was attributed to the fact that
Total soil nitrogen is integral component of not all N from N fertilizer was taken up by crops,
many essential plant compounds such as amino acid$ut some was left in the soil due to immobilized by
chlorophyll and carbohydrate (Brady aWéeil,  mjcrobe. Referring to initial total soil N content of
2008).At 5-10 cm depth, total N under Mias  reference site @ble 1), higher N rate fertilization

higher (p<0.05) than N'but there were no dérent  could induce more total soil N left within 0-10 cm
than IT (Table 4). Although plant residues from  depth of the soil.

NT was returned back on to the soil surface, but This important finding indicates that long-term
dueto N mineralization from plant residue probably higher N fertilization rate has residual effect on total
could not exceed the higher N uptake, resulted inspjl N within the 0-20 cm depth. Greater retention
less total soil N with respect to NThis finding  of N fertilizer due to N immobilization may improve

was difference from those reportbd Zibilske et crop N use efficiency by subsequent re-
al. (2002) and Brito-¥gaet al. (2009). mineralization of the N in better synchrony with crop

In this long-term experiment, strong influence need (Utomeet al. 1989; Zibilskeet al. 2002).
of N fertilization on total soil N was more pronounce _ _
than tillage treatmenTotal soil N due to higher Exchangeable Potassium and Calcium

Potassium and calcium are important nutrients
needed for plant growth. One of readily available
forms of these important nutrients for plant growth
is exchangeable base (Brady afdeil 2008).

Table 5 showed that with medium N rate,
Treatments Total N (%) exchangeable K under CT at 0-5 cm depth was
0-5cm 5-10cem  10-20cr  1149% higher (p<0.05) than that of Khile at 5-10
Intensive tillage 0.17 a 0.16 ab 0.14 ¢ cm depths was 157% h|gher (p<00§0depth of

Values within a column followed by the same letter are not
significantly different at 0.05 level.

Table 4Total soil nitrogen after 23 years of cropping
(1987-2010) as affected by tillage systems
and N fertilization at 0-20 cm depth.

Minimum tillage 0.18 a 0.17b 0.14 a 10-20 cm howevethere was no interactionfett
No-tillage 0.16 a 0.14 a 0.14a of tillage and N fertilization. Exchangeable K for
0 kg N ha 016 a 0.14 a 0.14 at NT was similar to MTin this depth, it was14%

higher (p<0.05) than |As that of decreasing soil
pH due to N fertilization (@ble 3), exchangeable
K was also decreased with increasing N rate.

Values within a column followed by the same letter are not Exchangeable K for high N rate in this depth was
significantly different at 0.05 level.

25(100)kgNh& 0.17ab 0.16ab 0.13a
50 (200)kgN h& 0.19b  0.18b  0.16b
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not different from medium N rate, but it was 48% Soil Morphological Characteristics
lower (p<0.05) than with no N fertilization.

At 0-5 cm depth, exchangeable Ca for
combination of MT and no N fertilization was the

Representative soil pedons were selected only
on plot of long-term tillage systems combined with

highest among other combination, while combination N1ghest N rate. It turned out that after 24 years of

with higher N rate was the lowestle 5)Values ~ CTOPPINg (1987-201), there were diérent soil
of exchangeable Ca for MT at 5-10 cm and 10-20 morphological characteristics among tillage systems

cm depth were no dérent from that of NTbutit  (Table 7)Aiter 24 years of cropping, Gfad deeper
was 15% higher (p<0.05) than.I&s that of top soil layer than ITThe depthanp horizon under
exchangeable K, exchangeable Ca at 10-20 cnfT Plot was the deepest, while the under IT
depth was reduced by N fertilization as much asP!0t was the shallowest onea@le 8).With plant
was 9%The strong effect of CT on exchangeable residue and slightly tilled, MT has better micro
bases was associated with decomposition of p|anplimate that could accelerate more biological tillage
residues with respect to Clloweverthese findings ~ €eCt, resulted on much deepiy horizon.
were not in agreement with research result from _ Among the soil morphological characteristics,

Kentucky that reported tBievins and Frye (1993). soil color of the tillage system was 'Fhe most distinct
one. The Munsell soil color chart of tillage treatments

Microbial Biomass Carbon in Ap horizon ranges from 5YR 2.5/2 to 5YR 3/3,

) ) ) while inA/B horizon was similar (5YR 3/4)alue
Microbial biomass C was measured at 54 chroma notation of no-tillageAm horizon was

before planting, vegetative growth and after harvesty, o yest among other tillage treatments, while in

of corn season in 2Q1Microbial biomass C under  jysansive tillage was the highest. Slightly darker of
NT was consistently highep£0.05) than IT along 1 ijjageAp horizon was attributed to the higher

the corn season, while it was no significantly ,qanic ¢ in upper soil layer with respect to NT as

different p<0.05) between N'&nd MT(Table 6).  y,5q6 reported by previous researciiéfsght and

Contrast to reported dytomoet al(2010).however 504 5004al-Kaisi andYin 2005; Blanco-Canqui
microbial biomass C in this season was not affectedand Lal 2008: Utomet al.2012).

(p<0.05) by nitrogen fertilization. Strong effect of

: L X Other soil morphological characteristics in this
CT on microbial biomass C was probably attributable

_ ~ study were size of soil structure type and amount of
to the effect of surface residue and less soil L4016 pores. Soil structure size changed from fine
disturbance. Shift from high to lower soil disturbance sub angular blogkunder IT to medium sub angular

such as conventional tillage to no-tillage, often blocky under CT (MT or NT), while amount of
promotes the accumulation of otherwise labile soil macro pores changed from fe’w under IT to many
organic carbon that is less available to microbial under CT(Table 7).The lager size of sub angular
attack, controls carbon decomposition rates andygcky under CT than IT soil indicated the better
Increases total microbidliomass (Paustiast i aggregation due to the lower surface soil
al.l_997, Sixet al. 2006; Utomoet al. 2_010)'AS . disturbance with respect to Cllhis condition also
labile component of soil organic C, sSoOil |gfiected on the larger macro poresared under
microorganisms can contribute to microbial b'omasslong-term CT soil, which mostly formed from
C (Wanget al2001). earthworm borrow (Derpch 1998; Utonat al.

Table 6. Soil microbial biomass carbon after 24 yearszmo)' This macro pores which connected to soll

: surface are important for aeration and drainage
of cropping (1987-201) as afiected by . .
tillage systems at 0-20 cm depth. (Utomo et al. 2010). The better soil aggregation

with respect of CT was in accordance with that
reported by Edwardst al. (1988).

Soil Microbial Biomass C

Treatments Before Vegetative After Soybean and Corn Yields

planting  growth harvest

............ (kg C@Clday) ............. After 23 years of cropping (2010), soybean
Intensive 57.7a 120.3a 163.6a  yields for MT and NT were 71.4% and 57.1% higher
tillage (p<0.05) than ITrespectivelyWhile in corn season
Minimum 60.6ab  133.9ab  176.6b  (2011), corn yield for MTwas similar to NTand it
tillage was 31.8% higher (p<0.05) than that of(Table
No-tillage 64.4Db 142.3b 184.3b

8). Strong responses of soybean and corn to CT
Values within a column followed by the same letter are not which just observed after 23 years of cropping were
significantly different at 0.05 level attributed to the better soil properties under long-



J Trop Soils, \0l. 18, No. 2 2013: 7

Table 7. Soil morphological characteristics after 24 years of cropping (1987-&0afiected by
tillage systems and nitrogen fertilization.

Tillage Horizon Depth Soil color Soil structure Macro pores
treatments (cm)
Intensive tillage Ap 0-13 5YR 3/3 Subangular blocky Few
fine
A/B 13-30 2.5YR 4/6 Subangular blocky, Few
medium
Bt 30+ Not Not Not determined
determined determined
Minimum tillage Ap 0-18 5YR 3/2 Subangular blocky, Many
medium
A/B 18-33 2.5YR 4/4 Subangular blocky, Few
medium
Bt 33+ Not Not Not determined
determined determined
No-tillage Ap 1.5-17 5YR 3/2 Subangular blocky, Many
medium
A/B 17-28 5YR % Subangular blocky, Few
medium
Bt 28+ Not Not Not determined

determined determined

term continuous C@pplication (@bles 2, 4-7)This CONCLUSIONS
was alsaontributed by strong mulching effect with
respect to CTresulted in a higher nutrient uptake Although the soil surfaces were continuously
and crop vyield (Lal, 1989; Utomet al. 1989; not tilled for 24 years, but the bulk density and soil
Fengyuret al.2011). porosity of conservation tillage (CT) at 0-10 cm
As a legume, soybean had no response to Ndepth were still no different from intensive tillage
fertilization. Soybean yield for N rate of 25 kg N ha (IT). Soil strength tended to increase with depth,
twas 1.9 Mg h&or only 5% lower than N rates of but at depth of 50-60 cm the soil strength under IT
0 or 50 kg N ha& On the other hand, as a cereal was 28.2% and 26.4% higher than no-tillage (NT)
crop, corn had strong response to N fertilization. and minimum tillage (MT), respectivelgoil moisture
Corn yield for100 and 200 kg N hHawere 36.4%  and soil temperature under CT (MT=NT) at 0-5
and 25.0% higher (p<0.05) than witip N cm depth were respectively 38.1% and 4.5% higher
fertilization, respectively (@ble 8).These findings than IT
were in agreement with those reported by Dickey Soil pH after 23 years of cropping was not
et al. (1994) and Fengyuet al (2011). affected by tillage, but decreased with increasing N
rate up to 20 cm depthiCompared to no N
Table 8. Soybean and corn yields dected by fertilization, long-term high N rate dec_reased soil
long-term tillage systems and N pH at 0-_20 cm depth as much as 1884 increased
total soil N at 0-5 cm depth as much as 1%40-

fertilization. _ = T _

10 cm depth, MTwvith no N fertilization had highest

Treatments Soybean, 2010 Corn, 2011 exchangeable K, in contrast, IT with medium N rate
('Mg ha) - had the lowestAt 0-5 cm depth, MTwith no N

Intensive tillage 1.4a " 44a fertilization had highest exchangeable Ca, however
Minimum tillage 24b 58b with higher N rate, MT had the lowest. Microbial
No-tillage 22b 58b biomass C throughout the growing season under
0 ka N hat 20 44 long-term NT was consistently highest among other
95 gloo ka N ha 1'9 a 6.0 S tillage systems, and it was 14.4% higher than IT
50 EZOO; kg N hi 2'02 5'5 b There were different soil morphological

characteristics among long-term tillage systems.

Values within a column followed by the same letter are not  After 24 years of croppindyp horizon of CT(MT
significantly different at 0.05 level



8 M Utomo et al.: Long-term Tillage and Nitrogen Fertilization

and NT) was deeper and darker than ISoil Brady NC and RRVeil. 2008.The nature and properties
structure size changed from fine sub angular blocky ~ of soils. Pearson Prentice Hall. Fourteenth Edition.
under ITto medium sub angular blocky under,CT _ NewJerseyo65p.

while amount of macro pores changed from few Brito-Vega, H, D Espinosaidtoria, C Fragoso, D
under ITto many under CT Mendoza, N De la Cruz Landaro aAdAldares-

Sovb d had st t Chavez. 2009. Soil organic particle and presence of
oybean and corn had strong responses 10 o, vorm under different tillage systerdsurnal

Iong-t_erm tillage systemsé\fter 23 to 24 years of of Biological Science8: 180-183.

cropping, soybean and corn yields for CT (MT=NT) perpch, R 1998. Historical review of no-tilage cultivation
were 64.3% and 31.8% higher thanrispectively of crops. JIRCASVorking Rep. JARN Int Res Ctr
Different from soybeancorn had strong response for Agric Sciences, Ibaraki, Japan 13: 1-18.

to N fertilization. Corn yield witd00 and 200 kg N Diaz-Zorita M., JH Grove, L Murdock, J Herbeck and E
ha' wererespectively36.4% and 25.0% higher than Perfect. 2004. Soil structural disturbance effects on
with no N fertilization. crop yields and soil properties in a no-till production

systemAgron J96: 1651-1659.

Dickey, EC, PJ Jasa and RD Grisso. 1994. Long-term tillage
effect on grain yield and soil properties in a soybean/
) ) grain sorghum Rotatiod Prod Agric7: 465-470.
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