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An accurate analysis of nutrient balance in different cropping systems is necessary for improving soil
fertilities, causing higher crop yields and quality. This study was canried out to investigate the nutrient balance,
changes in soil properties, and their effects on crop yield in long-term field cultivation under mono- and
rotation-cropping systems (MCS and RCS, respectively). The analytical results of the soil properties showed
that the application of mineral fertilizers alone in the MCS leads the reduction of soil CEC, exchangeable Ca,
and microbial biomass C and N. Compared with the MCS of soybean, the RCS of soybean and barley
significantly improved the soil properties, which increased crop yield. It might be due to the barley residue
added to the RCS soil. Mean nutrient balances for 4 years were —55.9 kg N, +34.7 kg P,Os, and — 0.3 kg K,O
ha™ for the MCS and +19.7 kg N, +107.4 kg P,Os, and —48.6 kg K;O ha™ for the RCS, respectively. These
nutrient imbalances mean that conventional fertilizer recommendations were inadequate for maintaining soil
nutrient balance. From these results, we can conclude that the crop rotation may change comprehensive
physical, chemical, and biological soil properties. These changes could affect the nutrient balance and then the
crop yield.
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Comprehensive physical, chemical, and biological changes by crop rotation could affect the nutrient balance and then the
crop yield.

‘ N (kg ha™) P,0s (kg ha™) K,O (kg ha™)
Cropping system Crops
Mean for 4 years Mean for 4 years Mean for 4 years
Mono Soybean -55.9 +34.7 -0.3
Soybean -65.4 +24.4 -28.4
. Barley +71.1 +61.0 -51.2
Rotation )
Residue +14.0 +22.0 +31.0
Sub-total +19.7 +107.4 -48.6
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Introduction

Chemical fertilizer is a very important contributor to the
increase in global agricultural productivity over the last three
decades. However, the continuous and excessive use of
chemical fertilizer has led various problems such as nutrient
depletion, soil acidification, and groundwater contamination
by nutrient leaching (Herencia et al., 2007; Undurraga et al.,
2009). In particular, mono cropping, which is a traditional
cropping system of only one crop growth (Zuo and Zhang,
2009), has been known to raise more serious problems with
nutrient imbalance by continuous input of the chemical fertilizers,
causing the reduction of crop yield and quality. Thus, the
oversupply or deficiency of soil nutrient, associated with the
misuse of fertilizer in the mono cropping systems, is one of the
most important problems in modern agriculture in terms of
sustainable and stable crop productivity in many areas throughout
the world.

Although there have been many literature on the imbalanced
fertilizer in the various conditions, most of the topics were
limited only to crop yield and soil property analyses based on a
short term and single cropping system. Little information have
been published about comprehensive analysis including changes
in soil properties, nutrient levels of crop-residual biomass, and
crop productivity under the cropping systems in arable land. In
particular, an accurate analysis on the periodic nutrient balance
in the long-term rotation cropping system is necessary for
more efficient and sustainable crop productivity as well as for
improving soil quality and health.

Table 1. Physical and chemical properties of soil used in experiment.

In the present study, we compared mono- and rotation-cropping
systems for 4 years with respect to nutrient balance, soil
physical, chemical and biological properties, and their effects
on crop yield. We also examined the possibility of application
of crop residue to the soil as a nutrient source comparable to
the crop requirement and as a soil amendment to enhance crop
growth in rotation-cropping system.

Materials and Methods

Experimental site Field experiments were conducted in
the National Institute of Crop Science (NICS), Rural Development
Administration (RDA), Suwon (37° 26’N; 127° 02°E), Republic
of Korea. The soil was a well drained Jungdong loam (coarse
loamy, mixed, mesic, family of Typic Udifluvents). Resulted
physical and chemical properties of the soil are summarized in
Table 1. The soil was characterized by pH of 5.5 (soil water
ratio 1:5), organic matter (OM) of 10.2 g kg, available
phosphate (Av. P,Os) of 193.3 mg kg'l, and bulk density 1.4 g
cm”. During the experimental period, the average annual
air-temperature and precipitation at the experimental site were
12.1°C and 108.0 mm, respectively (Table 2). In particular, the
annual precipitation in Korea depends largely on the summer
rainy season of 30 to 40 days from late June through July,
being strongly controlled by the East Asian summer monsoon
system. The precipitation in this season amounts to more than
40% of the annual precipitation (Lee ef al., 1998).

Experimental design and procedure Soybean (Glycine

Ex. Cations ~ Particle size distribution )
05 @ m) @hg) @ (g gty k) I o o
K Ca Mg Clay Silt Sand
5.5 0.2 10.2 0.9 1933 0.1 1.9 0.7 1.4 152 311 53.7 Sandy loam
Note: EC: electrical conductivity, OM: organic matter, T-N: Total nitrogen, Av. P205: available phosphorus,
Ex. Cations: exchangeable cations
Table 2. Mean monthly air temperature (°C) and precipitation (mm) at experimental site.
Year Climate factors Oct. Nov. Dec. Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep.
« Air temperature 139 73 -01 -1.1 04 0.6 128 169 22.4 25.5 25.9 229
: Precipitation 923 253 182 73 1.8 540 73.6 1213 767 3450 3384 4022
ond Air temperature 141 6.1 03 20 -21 5.6 11.6 175 233 26.9 25.9 20.1
Precipitation 216 275 284 577 14 3.1 204 437 1182 3758 4488 1822
31 Air temperature 154 59 -1.1 -40 -06 42 12.1  18.1 21.8 25.5 25.7 21.6
Precipitation 58.1 142 147 422 474 151 129 13.8 2223 469.7 1447 12.1
o Air temperature 16 27 04 -04 04 6.2 127 164 21.0 247 23.7 20.6
Precipitation 73.8 122 172 318 32 357 1524 770 520 2578 4873 313
Average Air temperature 138 55 -01 -19 -05 42 123 172 22.1 25.7 253 213
Precipitation 615 198 196 348 135 270 648 640 1173 3621 3548 1570
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max cv. ‘Sinpaldal 2”) and barley (Saechalssalbori) were selected
as the test crops because they were the common and largely
cultivated in Korea. In addition, as a rough estimation, about
2.25 x 10° ton of barley straw produced yearly in Korea is
burned on site after harvesting and it causes air pollution (Kim,
2011). This means the loss of biomass resources expected to
become huge nutrient sources in the arable soil.

The experimental design was composed of two cropping
systems, these are mono-cropping system of soybean (MCS)
and rotation-cropping system of soybean-to-barley (RCS).
Fertilizer for soybean and barley cultivation was yearly applied
at the standard rates used in the region. Soybean was manually
sown in the middle of June. In the RCS, barley was sown in the
same plot in the middle of October after the harvest of the
soybean and grown until the next May. After the harvest of the
barley grain, the straw (barley residue) was chopped and
spread with a chopper mounted on the combine harvester. The
chopped barley straw was directly incorporated into the
rotation field soil by tillage.

Chemical and biological properties The soil samples
were collected randomly from the arable land in 0-15 cm depth
after the harvest of the soybean and crushed to pass 2 mm sized
sieve. We analyzed pH and electrical conductivity (EC) by the
1:5 water extraction method, OM content by the Walkley-
Black method, cation exchange capacity (CEC) by the 1 M
ammonium acetate method followed by the Kjeldahl determination
of ammonium, Av. P,Os and exchangeable cations (Ex. Cations)
by inductively coupled plasma-optical emission spectrophotometer
(ICP, GBC SDS-270), total nitrogen (T-N) by the Kjeldahl
method, particle size distribution by the hydrometer method,
and bulk density by the soil core method described by Blake
and Hartge (1986). To determine the biological effect by the
crop rotation, we also measured changes in soil microbial
biomass carbon (Cpic) and microbial biomass nitrogen (Nmic)
for 4 years under the two different cropping systems after the
harvest of the soybean. The Cpic and Npic were determined by
the chloroform-fumigation extraction method described by
Vance et al. (1987) as follows: After the harvesting, the soil
samples were collected randomly, passed through 2 mm size
sieve, and sorted to remove plant debris. Then, the samples
were allowed to stabilize for 7 days at 25°C before the analysis
of soil microbial biomass and fumigated with ethanol-free
chloroform for 24 hours.

To analyze nutrient content of the crop, the crop samples
were also collected randomly after the harvest and were
oven-dried at 50°C for 24 hours. Then, the samples were
ground in a cutting mill and sieved into less than 1-mm size.
Normal nutrient contents of the crop samples were analyzed
using the same methods as those for the soil. Yield of the
soybean and barley were measured according to the standard
investigation and research on agricultural science technology

(RDA, 1995).

Nutrient balance To understand whether required amounts
of nutrients are depleting in an unsustainable way, the nutrient
balances of N, P,Os and K,O were determined as the difference
between the nutrient inputs by the application of chemical
fertilizer and/or barley residue and nutrient outputs by crop
uptake. The calculations were made as follows:

ANBwcs = (Nada by chemical fertilizer application)
- (Nuptake by crop uptake) (1)
ANBRrcs = (Nada by the application of chemical fertilizer and
barley straw) - (Nupake by crop uptake) 2)

where ANBumcs and ANBges are apparent nutrient balance
in the MCS and the RCS, respectively, Nagq is nutrient addition,
and Nypuake 1S nutrient uptake. The word of ‘apparent’ is come
from that other factors of inputs or outputs such as N fixation,
atmospheric deposition, and nutrient losses by leaching, chemical
transformation, and erosion were neglected in these equations.

Results and Discussion

Changes in soil properties Soil physical, chemical, and
biological properties were evaluated to determine the changes
in the cropping systems. As shown in Table 3, most chemical
properties except for the soil pH were significantly improved
in the RCS compared with the MCS. In the first year the OM
content was higher in the MCS than in the RCS, but was higher
in the RCS than in the MCS in the following years. In other
words, the OM content for the RCS increased nearly 22.1%,
while that for the MCS increased about 11.2% during total
cultivation periods of the 4 years. This might be due to the
barley residue added to the soil in the RCS. In addition, the
OM content increased with the Av. P,Os during the cultivation
periods. This agrees with the result reported by Kang et al.
(2009) that OM was significantly correlated with Av. P,Os, K,
Zn, and Cu. The higher Av. P,Os content for the RCS might be
due to the amount of chemical phosphate fertilizer added to the
soil in barley cultivation. During the cultivation periods, the
CEC for the RCS increased significantly from 6.4 to 7.4 cmol.
kg™ (about 15.6%), while that for the MCS gradually decreased
from 6.4 to 5.7 cmol kg™ (about 10.9%).

The physical properties for the MCS are not significantly
correlated with cultivation periods, but the correlation for the
RCS would be improved due to the increasing OM inputed as
the barley straw every year. According to Haynes and Naidu
(1998), the increase in OM content will certainly improved
soil physical conditions with long-term fertilizer additions, i.e.
the increasing OM content characteristically decreased bulk
density and surface crusting and increased water holding capacity,
macroporosity, infiltration capacity, hydraulic conductivity,
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Table 3. Changes of soil properties in different cropping system during the cultivation period.

c . - oM Av. PO Ex. Cations CEC Bulk P ) Microbial biomass
sm;zig Crops  Year (II)'S) (& ke) (n? k2-1; (cmole kg (emol. kg density o(ro(;s)lty (ug kg
. c - 0,
Y X8 MERE) T e Mg £ (@ em?) C N
1999 6.3 11.6 190.0 02 19 0.7 6.4 1.43 46.0 115.2 23.7
2000 6.3 11.8 195.0 02 19 05 6.3 1.45 453 110.8 22.9
Mono  Soybean
2001 6.1 12.7 206.0 02 1.8 0.6 6.2 1.48 442 92.2 21.7
2002 6.1 12.9 210.0 02 1.7 07 5.7 1.36 48.7 79.8 18.7
1999 6.5 11.3 212.0 02 20 06 6.4 1.31 50.6 118.5 22.9
o Soybean 000 63 127 2180 02 21 07 6.9 131 506 1293 30.2
Rotation and
Barley 2001 6.2 13.6 221.0 03 20 0S8 7.0 1.28 51.7 142.2 343
2002 6.2 13.8 225.0 03 22 07 7.4 1.28 51.7 164.1 37.5

% Soil was sampling after harvesting in every autumn.

Note: OM: organic matter, Av. P,Os: available phosphorus, Ex. Cations: exchangeable cations, CEC: cation exchange capacity.

Table 4. Fertilization levels in different cropping system.

Application rate (kg ha' year™)

Total application rate (kg ha' 4 year’l)

Cropping system Crops
PPINg 5 P N P,0s K0 N P,0:s K,O
Mono Soybean 40 70 60 160 280 240
Soybean 40 70 60 160 280 240
) Barley 120 90 70 480 360 280
Rotation )
Residue® 14 22 31 56 88 124
Sub-total 174 182 161 696 728 644
“Total barley residues were applied with every harvesting of barley in autumn.
Table S. Nutrient contents of soybean and bardey in different cropping system.
1 -1 -1
Cropping N (g kg') P,0s (g kg') K0 (g kg')
Parts ; Crops 1 st 2nd 3rd 4th 1 st an 3rd 4th 1 st 2nd 3rd 4th
system year year year year year  year  year year year year year year
Mono Soybean 302 281 274 276 112 110 10.6 104 165 162 163 162
Grain ) Soybean 30.1 290 283 282 123 121 119 121 182 179 177 178
Rotation
Barley 71 69 7.2 7.2 1.6 1.2 1.1 1.3 19.1 188 183 186
Mono Soybean 68 82 7.8 8.4 2.0 2.6 2.2 2.8 6.8 6.2 7.0 7.2
Residue ) Soybean 40 37 4.1 3.8 24 2.2 2.1 2.1 10.0 9.0 120 13.0
Rotation
Barley 3.1 29 3.6 3.6 53 54 4.8 49 6.0 6.0 7.0 9.0

and aggregation. Mando et al. (1996) also reported that crop
residues increase soil hydraulic conductivity and infiltration
capacity by modifying mainly soil structure, proportion of
macropores, and aggregate stability.

The soil microbial biomass is an important source or sink of
the mineral nutrients available for plants (Insam et al., 1989)
and is responsible for transforming OM and nutrients within
soil (Gregorich et al., 2000). Thus, the measure of soil
microbial biomass can be one of the biological indicators of
soil quality (Franzluebbers, 1999). The Cyic and Ny for the
RCS gradually increased from 118.5 to 164.1ug kg™ (38.5%)
and from 22.9 to 37.5ug kg (63.8%) during the cultivation

periods, respectively, while those for the MCS decreased by
30.7% and 20.1% during the same periods, respectively.
Compared with the MCS, the more positive effect of the
microbial biomass for the RCS might be due to the increased
OM and the enhanced soil structure by the residue application.
This result is similar to that studied by Moore et al. (2000)
using the cropping systems of corn-to-soybean. They also
concluded that the Cyic and Niic contents were generally higher
in 4-year rotations than in corn or soybean monocultures.

Nutrient inputs Fertilization levels applied to the MCS
and RCS were investigated to establish the nutrient balance of
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N, P,0s, and K»O during the growing season. Fertilizer application
rates to the MCS was yearly 40-70-60 kg ha” (N-P,05-K,0)
and those to the RCS were 174-182-161 kg ha' (Table 4)
containing the nutrient content of barley residues. The nutrient
input in the RCS was about 2.6 to 4.4 times of that in the MCS.
Harvested crops can deprive the nutrients such as N, P,Os, and
K,0 from agricultural soils. Thus, nutrient contents included
in the soybean and barley were also estimated for the nutrient
balance in the different cropping system (Table 5). The mean
nutrient contents in grain and residue were 28.3-10.8-16.3 and
7.8-24-68 g kg'] for the MCS and 36.0-13.4-36.6 and
7.2-7.3-18.0 g kg for the RCS, respectively. Yearly changes
of nutrient content were not significantly different between the
two cropping systems. However, the nutrient contents in
soybean grain were higher in the RCS than in the MCS.
Nutrient availability in the RCS rather than MCS might be
enhanced because the crop rotation system improves soil
physical, chemical, and biological conditions as mentioned
above.

Yield Table 6 shows yearly changes of crop productivity
for different cropping system. In the MCS, the grain yield of
soybean increased temporarily in the second year, but gradually
decreased in the third and the forth year cultivation. The grain
yield of the soybean and barley increased from 28.4 to 40.0 Mg
ha” year" and from 47.5 to 49.1 kg ha™ year”, respectively, in
the RCS during growth period from first to third year. In the
forth year, their values decreased to 33.9 Mg ha year'1 in the
soybean cultivation and to 47.9 Mg ha™ year' in the barley
cultivation, respectively. The abrupt decrease of soybean yield
in the forth year may be because of the adverse impact of the
typhoon ‘Rusa’ occurred from the end of August to the beginning
of September, which is the harvest period of soybean. However,

Nutrient Balances and Soil Properties Affected by Application of Soybean and Barley Residues

the total grain yield of soybean was higher about 18.4% in the
RCS than in the MCS. As shown in Table 3, the soil physical,
chemical, and biological properties were improved by the crop
rotation and the crop residue return to soil, and consequentially,
resulted in the increase of the yield. This result was similar to
that of Motomatsu (1990), in which soybean yield decreased
by 20% in continuous cultivation during 3 years. Park et al.
(1993) also reported that soybean yield was dropped sharply
during continuous cultivation during 4 years in sandy loam
soil. Thus, the rotation of soybean and barley could be
recommended to obtain higher soybean yield.

Nutrient uptake On the basis of the results of nutrient
contents and yields in different cropping systems, annual
nutrient uptake by the soybean or barley can be calculated as
follow:

Nutrient uptake =
[(Grain P x Grain Nc) + (Residue P x Residue Nc)] (3)

where P and Nc are the productivity (Mg ha') and the
nutrient content (g kg™), respectively.

As shown the Table 7, the mean nutrient uptake (N-P»0s-K,O)
by soybean is higher in the RCS (105.4-45.7-88.1 kg ha™) than
in the MCS (95.9-35.3-60.3 kg ha™) in the soybean cultivation.
This result may be attributed mainly to the improvements of
soil fertility and nutrient use efficiency by the crop rotation of
soybean-to-barley. The nutrient uptake also increased grain
yield of the soybean. That is, the grain yield and nutrient
uptake were the highest in the second year for the MCS and in
the third year for the RCS, respectively (Table 6). This suggests
that the nutrient uptake of crop is significantly associated with
the crop yield.

Table 6. Comparison of crop productivity in different cropping system.

Grain (Mg ha™ year")

Residue (Mg ha year)

Cropping
system crons ygz;r yzen:r y3c::r yi:r Total yle:r Yzen:r y3er;r y‘g:r Total
Mono Soybean 2.66 2.92 2.83 2.74 11.15 2.13 2.14 2.26 2.19 8.72
Soybean 2.84 2.97 4.00 3.39 13.20 2.27 2.38 3.20 2.71 10.56
Rotation Barley 4.75 4.80 491 4.79 19.25 4.46 4.46 4.55 437 17.84
Sub-total 7.59 7.77 891 8.18 32.45 6.73 6.84 7.75 7.08 28.40
Table 7. Characteristics of nutrient uptakes of crop plants in different cropping system.
5 = -1
. 1) rocen) K0 Gsi)
system year year year year Mean year year year year Mean year year year year Mean
Mono Soybean  94.8 99.6 952 94.0 959 341 377 350 346 353 584 60.6 619 60.2 603
Soybean  94.6 94.9 1263 1059 1054 404 412 543 46.7 457 744 74.6 1092 95.6 88.1
Rotation Barley 47.6 46.1 51.7 502 489 312 298 272 276 29.0 117.5117.0 121.7 1284 121.2
Sub-total  142.2 141.0 178.0 156.1 154.3 71.6 71.0 81.5 743 747 1919 191.6 2309 224.0 209.3
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Table 8. Comparison of nutrient balances in different cropping system.
B -1 -1

Cropping Crons y 2“;\1 (kidha )4[]] . 25205 (31'(5 ha lth = 2In(dzO (13(§j ha ith
system year year year year Mean year year year year Mean year year year year Mean
Mono Soybean -54.8 -59.6 -55.2 -54.0 -559  +359 4323 +35.0 +354 +347 +16 -06 -19 -02 -03
Soybean -54.6 -549 -86.3 -659 -654  +29.6 +28.8 +15.7 +233 +244 -144 -146 -492 -35.6 -284
. Barley +72.4 +73.9 +68.3 +69.8 +71.1  +58.8 +60.2 +62.8 +624 +61.0 -47.5 -47.0 -51.7 -584 -51.2
Rotation Residue +14.0 +14.0 +14.0 +14.0 +14.0  +22.0 +22.0 +22.0 +22.0 +22.0 +31.0 +31.0 +31.0 +31.0 +31.0
Sub-total +31.8 +33.0 -4.0 +17.9 +19.7 +1104 +111.0 +99.5 +107.7 +107.4 -30.9 -30.6 -69.9 -63.0 -48.6

Annual changes of nutrient balance Nutrient balance
analysis of the cropping system is an important step for the
efficient nutrient management. The nutrient balance can be
determined from the difference between the amounts of annual
nutrient input and the annual output in the cultivated fields. We
estimated the overall nutrient balances in both the cropping
systems (Table 8). For the mean N balance, there was significant
difference between the both cropping systems. That is, a large
negative balance (— 55.9 kg ha™) and a positive balance (+1.6
kg 10a”") were shown in the MCS and the RCS, respectively.
This result might be due to the different amount of N applied to
cultivation soil. Total N input was only 40 kg ha! for the MCS,
while was 174 kg ha™ for the RCS including N inputs by the
barley residue (14 kg ha™) and the chemical fertilizer (120 kg
ha'l) from barley growth (Table 4). However, the mean N
balance of soybean in the RCS was negative by —65.4 kg ha™'
and its value was similar to that in the MCS. This means that
recommended rate of N fertilizer application (40 kg ha™) was
not sufficient for the soybean growth. Thus, about 60.7 kg ha
of additional N fertilizer might need to achieve the N balance
in the soybean growth.

The yearly P,Os input by chemical fertilizer in the MCS
was 70 kg ha™ (Table 4) and the yearly mean output was 35.3
kg ha (Table 7). This indicates the yearly mean P,Os balance
was +34.7 kg ha'. The P,Os balance was positively higher for
the RCS (+107.4 kg ha'l) than for the MCS. The positive P,Os
balance in both cropping systems was probably due to the
much higher P,Os input through chemical fertilizer than the
output through crop harvesting. According to Hooda et al.
(2001), when the input of P,Os into the soil exceeds the output
into the crop, most of the surplus P,Os accumulated to the soil
would be adsorbed by metal oxides such as iron and alumina
and might be therefore decreased availability of the P,Os
nutrient for the crop growth.

In contrast, K,O balance for both the cropping systems was
negative every year except first year in the MCS, which had a
slightly positive balance of +1.6 kg ha™ . In addition, in spite of
the barley residue input, the yearly mean K»,O depletion was
higher in the RCS (—48.6 kg ha™') than in the MCS (—0.3 kg
ha). This means that the application rate of recommended
KO fertilizer, which is main input source, was not sufficient to

the nutrient balance in both the cropping systems. According
to Rego et al. (2003), K;O imbalance has emerged as a
common constraint in most cropping systems. Indeed, the
negative K,O balance has been reported by a number of
studies. For examples, Bansal (1992) reported a negative K,O
balance of 3.3kg K,O 10a” for soybean cultivation in a
long-term fertilizer experiment, even in a rotation-cropping
system. Dobermann et al., 1996a. A. Dobermann, K.G. Cassman,
P.C. Sta Cruz, M.A.A. Advieto and M.F. Pampolino , Fertilizer
inputs, nutrient balance and soil nutrient supplying power in
intensive irrigated rice systems. II. Effective soil K-supplying
capacity. Nutr. Cycl. Agroecosyst. 46 (1996a), pp. 11-21. Full
Text via CrossRef | View Record in Scopus | Cited By in
Scopus (32)Dobermann et al. (1996) also reported that the
K,0 balance at most experimental sites was negative (—3.4 to
—6.3 kg 10a” season’) in a long-term fertilizer experiment.
Successive negative K,O balance may be due to insufficient
K0 fertilization and may cause deterioration of soil fertility
that leads to a decrease of crop productivity (Magen, 2008).

As the results, continuous harvest of soybean in the same
field would lead to depletion of nutrients and/or disturbance of
nutrient balance that exist in soils. Although 4 years rotation of
the soybean-to-barley indicated high positive balances of N
and P,0s as the mean values of +19.7 kg N ha and +107.4 kg
P,0s ha™ respectively, K,O fertilizer requirement needs to be
reconsidered to improve its imbalance. Therefore, the more
accurate and balanced application of nutrients is required for
increasing the productivity of crop and to improve the qualities
of soil.

Conclusions

Nutrient balance, determined by the difference between input
consisting of fertilizer and crop residue and output consisting
of crop uptake, is one of the important factors for soil fertility
and crop yield. Nutrient source such as crop residue might
mitigate various problems caused by excessive use of chemical
fertilizer. In particular, the crop rotation system can improve
the soil physical, chemical, and biological properties, sustain
crop productivity, and reduce the use of chemical fertilizer.
Indeed, the results obtained indicated that although mean
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nutrient balances for the RCS showed positive N and P,Os
balance and negative K,O balance, the RCS contributed
significantly to increase organic matter content, CEC, and soil
microbial biomass in the soil more than the MCS, and then
contributed to increase in crop productivities. Therefore, it can
be concluded that the application of crop residues in the
rotation cropping may be considered a good agronomic practice,
increasing the nutrient balance in the soil and at the same time,
improving the soil physical, chemical, and biological properties.
This may therefore result in higher crop yields.
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