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Influence of Rice Production
on Subsequent Cotton Growth and Yield

Introduction

Since the 1700’s, measuring the response of crops
and soils to various cropping systems or sequences has
been of interest to many researchers (82). The first
consideration in crop rotation is yield maintenance
(11). Secondary to this is pest control, prevention of
s0il erosion, and maintenance of soil nutrient status.

The benefits of crop rotation on cotton yields have
varied. Sturkie (29) reported that average yields of cot-
ton and corn were increased by rotating when com-
pared to continuous cropping systems. In another
study, continuous cotton yielded 17 pounds per acre
(Ib/A) less than the highest yielding rotation (3). In
other rotational studies throughout the cotton belt,
results have varied (2, 13, 14, 15, 27). Although yield
is a primary consideration, crop rotation is usually
practiced to prevent yield decline of the primary crop
instead of to enhance yield.

While yield considerations are paramount to the
utilization of crop rotations with cotton, rotations have
been more successful in benefiting pest control. Crop
rotations have been successful in reducing incidence
of diseases, nematodes, and weeds (1, 7, 9, 17, 26). Dale
and Chandler (8) effectively controlled johnsongrass
by growing corn in rotation with cotton. In the
southern United States, rice is commonily rotated with
soybeans to reduce grass infestation in subsequent
rice crops. Herbicide crop rotation studies have been
conducted to maximize weed control while reducing
or varying herbicide input (9, 24).

The influence of erop rotations on soil productivity
has been reported by many researchers (10, 16, 21,
23, 30, 31). Brawand and Hossner (4) studied the
nutrient status of sorghum leaves and grain as af-
fected by rotations. Spurgeon and Grissom (28)
reported that organic matter content of soils increased
when a sod crop was used in different cropping
systems. However, this was the only significant change
for several rotation sequences. Crop rotation se-
quences have also been shown to alter enzymatic
events in the soil, which may or may not be beneficial
(25).

Recently, market instability of various commodities

has precipitated the need for diversification of income,

which can be considered an additional benefit of crop
rotation. By increasing the number of commeodities
produced per farm unit, producers ean offset some of
the risk associated with producing one particular com-

modity. Also, different cultural practices needed at dif-
ferent times for various erops provide for a more even
distribution of labor. Historically, in the Mississippi
Delta, cotton has been grown continuously on soils
with less than 1% organic matter. Soil organic mat-
ter plays a major role in the chemical, microbiological,
and physical aspects of soil fertility. Continuous cot-
ton produces little residue and as a result, depletion
of s0il organic matter is possible.

Soybean-cotton and soybean-rice rotations have
been reported (2, 15, 19), but there have been only
Hmited studies on rice-cotton cropping systems (18,
20) — and those were in India. The study summarized
in this bulletin was conducted to examine the in-
fluence of rice on subsequent cotton yield, growth, and
soil parameters.

Materials and Methods

This experiment was initiated in 1984 at the
Mississippi Agricultural and Forestry Experiment
Station Delta Branch Station at Stoneville on a mixed
Bosket (Mollic hapludalf) and Beulah (Typic
dystrochepts) very fine sandy loam that had been in
cotton for approximately 10 years. The six rotations
selected for evaluation were: (1) continuous cotton; (2)
continuous rice; (3) 1 year rice:1 year cotton; (4) 1 year
rice:2 years cotton; (5) 2 years rice:2 years cotton; and
(6) 1 year rice:3 years cotton. Treatments were 60 feet
wide by 130 feet long replicated four times.

General recommended crop production practices
were utilized for each crop in an effort to obtain max-
imum yields. Plots planted to cotton were subsoiled
to a depth of 14 to 16 inches in the late fall or winter
each year. Cotton (ev. DES 422) was hill-drop planted
to 40-inch rows during the last 2 weeks of April each
year at a seeding rate of 19 Ib/A. Anhydrous ammonia
was applied prior to planting at the rate of 100 1Ib/A
of nitrogen (N) and was the only fertilizer used in cot-
ton. Weed control was maintained with applications
of trifiuralin applied preplant incorporated, followed
by fluometuron or norflurazon applied preemergence
at planting. Cultivation and post-directed applications
of dinoseb or fluometuron + MSMA were used to con-
trol escaped weeds. Cotton was machine-harvested
each year and seed cotton weight was recorded.

Rice (cv. ‘Newbonnet’) was drill-seeded in mid to late
April each year at a seeding rate of 90 1b/A. When
necessary, rice was flood-irrigated to obtain a stand.




A 2-to 4-inch permanent flood was established in late
May or early June when rice was 6 to 8 inches tall.
Nitrogen, at a rate of 135 Ib/A, was applied as urea
immediately prior to flooding. Weeds were controlled
with tank-mix applications of propanil + thiobencarb
or bifenox applied postemergence prior to flooding.

In March 1984, 1986, and 1987, and in April 1985,
soil samples to depths of 0 to 6 inches and 6 to 12
inches were taken from each plot and analyses con-
ducted by the Mississippi Cooperative Extension Ser-
vice Soil Testing Laboratory at Mississippi State
University. Results were tabulated and analyzed to
examine the influence of each rotation on soil test
values.

During the third and fourth years of the study, soil
compaction, and heights and populations of cotton
were measured in each cotton plot approximately 6
weeks after planting. Data for plant populations were
taken within each plot from four random locations 10
row-feet in length. Main stem height of 10 plants was
measured within each of these 10-foot sections for
plant height determination. Soil compaction or cone
index was determined from 10 penetrometer readings
taken within each plot.

Net returns were calculated for each treatment to
determine profitability. Calculations were derived
from actual yields from each plot. Cotton revenue was
based on $0.57/1b of lint, which was the b-year average
reported in 1988 (6). Lint percentage was assuined to
be 38%. Seed and trash percentages were 50% and
12%, respectively. A price of $0.04/lb was added to
revenue for cottonseed. Total specified expenses for
cotton were $405.73/A. Rice revenue was based on a
price of $3.42/bushel. Total specified expenses for rice
were $370.47/A. In 1986 and 1987, total specified ex-
penses were $388.97/A for the continuous rice plots
due to the necessity of an additional propanil applica-
tion for weed control.

All data were subjected to analysis of variance for
an RCB and differences were significant at the 5% pro-
bability level according to Fisher’s Protected Least
Significant Difference (LSD) Test. Where appropriate,
sub-sample error was included in the analysis.

Results and Discussion
Cotton establishment and growth

Cotton populations in 1986 were similar for all pro-
duction systems evaluated (Table 1). However, in 1987
cotton populations were significantly higher in the 1:1
system than in continuous cotton. This suggests a
possible reduction in disease incidence for this system.
However, disease incidence was not reported and did
not appear prevalent during the 1987 season. Ina 1:1
system, adjustment in plant populations may need to
be considered. '

Table 1. Influence of a rice-cotion rotation on various
cotton or soil parameters afier 4 years. Delta Branch
Experiment Station, Stoneville, MS.

) Cotton data
Treatment Stand counts Crop height Cone index
description 1986 1987 1986 1987 1986 1987
{plants/acre) - n)-eers {psi)--—
Continuous cotton 65,350 57,500 11 14 720 950
1:1 Rice-cotton - 64,040 - 12 - 940
1:2 Rice-cotton . 66,660 11 - 940

2:2 Rice-cotton 70,580 62,740 9 15 1,050 920
1:3 Rice-cotton 69.270 58,820 11 13 770 930
LSD (5%)! 6540 5230 1 1 220 70

CV. (%) 11.5 127 138 129 255 17.0

1For comparison of any twe means within a column.

Cotton height was reduced in 1986 following 2 years
of rice compared to continuous cotton (Table 1). In
1987, cotton height was reduced following 1 year of
rice as compared to the continucus cotton treatment.
Control of crop height is desirable throughout much
of the irrigated cotton belt. However, implementation
of a rotation system involving rice to control crop
height seems less reliable t han conventional methods,
such as applications of growth regulators.

Reductions in crop height in 1986 can be explained
in part by soil compaction, which was greater follow-
ing 2 years of rice than in any other system evaluated
in 1986 (Table 1), This increase in compaction could
conceivably adjust crop growth and establishment. In
1987, soil compaction did not seem to be influenced
by.any rotation system. Soil compaction following 2
years of rice may have increased due to the cement-
ing action of water.

Table 2. Influence of a rice-cotton rotation on crop
yield for 4 years ai the Delta Branch Experiment Sta-
tion, Stoneville, MS,

Treatment Crop yields!
deseription 1985 1986 1987
{Ab/A)
Continuous cotton 2,376 1,556 2,351
Continuous rice (6,963) (5,972) (5,254)
1:1 Rice-cotton 2,480 (5,672) 2,007
1:2 Rice-cotton 2,665 1,507 (5,928)
2:2 Rice-cotton (7,111) 1,961 2,242
1:3 Rice-cotton 2,492 1,307 2,084
LSD (5%)?
cotton 491 714 274
rice 1,912 1,609 886
C.V. (%)
cotton 124 282 12.2
rice 12.1 12,3 7.1

1Rice yields are shown in parentheses. Cotton yields are for seed
cotton.
2For comparison of any two means within a column or crop.




Seed cotton yield

In 1985 and 1986, seed cotton yields (Table 2) were
not influenced by any rotation system evaluated when
compared to continuous cotton. However, there was
a trend for higher yields following 2 years of rice. This
numerical increase may be largely attributed to the
fact that subsoil moisture was more adequate in plots
that had 2 previous years of flooded rice. In 1987, se-
cond and third year cotton crops following rice were
similar. In the 1:1 system, seed cotton yields were
lower than in the continuous cotton plots. This may
be due to the higher plant population (approximate-
ly 64,000/A) in these plots. Bridge et al. (5) reported
gradual yield declines from plant populations greater
than 48,000 plants/A. However, this may not apply to
the earlier, faster fruiting varieties such as the one
used in this study. They also reported that hill-drop
planted cotton was more sensitive to higher popula-
tions than drill-planted cotton.

Soil nutrient status

Percent organic matter at either depth sampled was
not affected by any system evaluated (Table 3). Soil
pH at the 6- to 12-inch depth was not affected by any
system evaluated. In 1987, soil pH for the continuous
cotton system was statistically higher than any
system except the 1:3 rice-cotton rotation. Earlier

reports have indicated that the rotation receiving the
greatest amount of nitrogen fertilizer had lower pH
values (14). In this study, rice received 35 pounds per
year more nifrogen than cotton. Phosphorus and
potassium remained relatively unchanged at either
depth for all systems evaluated (Table 4). By 1987,
calcium levels at 0-6 inches were lower in continuous
rice plots and plots with the 1:1 system.

Differences in magnesium, zinc, and sulphur did not
appear to be due to the rotational scheme (Table 5).
For example, in 1987, the 1:1 system seemed to deplete
magnesium more than other systems. However, the
magnesium level was found to be lower in these plots
at the beginning of the study. When comparisons were
made to continuous cotton, differences in these
elements were not apparent.

Changes in soil nutrient status for this study were
minor and support earlier findings (15, 22, 28). These
types of changes usually require longer periods than
reported here and usually involve those crops which
provide residual nitrogen such as legumes (12). Both
cotton and rice require additional inputs of nitrogen
to achieve maximum yield. The soil type used in this
study tested high or very high for all available
nutrients other than nitrogen. Thus, it appears that
any change in the soil nutrient status would be in
addition to that already present and of no benefit to
the crop. Changes in soil nutrient status, if definable
for these systems, would be more important on soil

Table 3. Influence of a 4-year rice-cotton rotation on percent organic matter and soil pH. Delta Branch Experi-

ment Station, Stoneville, MS.

Soil test analysis at 0 t o 6 inches!

Treatment % Organic matter Soil pH
description 1984 1985 1986 1987 1984 1985 1986 1987
(%)
Continuous cotton 0.78 0.93 0.86 0.65 6.7 6.2 8.1 7.0
Continuous rice 0.73 0.90 0.84 0.63 6.5 6.3 6.2 6.7
1:1 Rice-cotton 0.71 O.QG 0.86 0.70 6.6 6.1 6.2 6.7
1:2 Rice-cotton 0.76 1.01 0.85 0.74 6.6 6.3 6.2 6.7
2:2 Rice-cotton 0.86 0.99 0.90 0.78 6.7 6.4 6.2 6.6
1:3 Rice-cotton 0.76 1.00 0.93 0.81 6.6 6.1 6.3 6.8
LSD (5%)? 0.13 0.12 0.1 0.1 0.2 0.5 0.3 0.3
CV. (%) 11.5 - 81 74 12.5 2.9 5.0 3.5 2.5
Soil test analysis at 6 to 12 inches
Continuous cotton 0.69 0.79 0.66 0.52 8.6 6.2 6.5 6.7
Continuous rice 0.68 0.73 0.67 0.60 6.5 6.7 6.6 7.1
1:1 Rice-cotton 0.67 0.97 0.52 0.54 6.5 6.3 64 7.0
1:2 Rice-cotton 0.66 0.87 0.59 0.63 6.4 6.4 64 6.9
2:2 Rice-cotton 0.76 0.83 0.65 0.62 6.8 8.7 6.6 7.0
1:3 Rice-cotton 0.62 0.80 0.49 0.60 6.5 6.3 6.4 6.7
LSD (5%) 0.17 0.13 0.2 0.2 0.4 0.5 04 0.4
CV. (%) 17.0 11.2 20.4 20.0 3.8 5.1 2.8 3.5

1As determined by the MCES Soil Testing Laboratory.

ZFor comparison of any two means within a column or sample depth.




Table 4. Influence of a 4-year rice-cotton rotation on phosphorous, potassium, and caleium. Delta Branch Ex-
periment Station, Stonevitle, MS.

Soil test analysis at 0 to 6 inches? \

Treatment Phosphorous Potassium Calcium ‘
description 1984 1984 1986 1987 1984 1985 1986 1987 1984 1985 1986 1987
(Ab/A) -
Continuous cotton 201 215 211 163 341 379 355 330 2,825 3,118 3,025 2,341
Continuous rice 188 190 196 143 331 372 334 238 2,830 2,825 2,686 1,800
1:1 Rice-cotton 189 188 210 155 345 409 366 288 2,695 2,699 2,739 1,808
1:2 Rice-cotton 232 236 226 191 340 436 339 291 3,237 3,466 2,803 2,247
2:2 Rice-cotton 226 222 238 176 392 409 387 288 2,845 3,041 3,057 2,287
1:3 Rice-cotton 212 202 232 175 359 396 343 312 3,026 2,962 3,101 2,421,
LSD (5%)? 57 44 72 67 102 83 58 94 758 783 289 438
CV. (%) 18.1 13.9 21.7 18.8 19.3 138 10.9 21.2 17.2 17.1 6.6 13.5

Soil test analysis at 6 to 12 inches

Continuous cotton 216 252 218 160 287 361 236 173 3,182 4,100 3,546 2,414

Continuous rice 199 227 211 188 289 355 250 201 3,219 3,692 3,618 2,468
1:1 Rice-cotton 206 232 215 192 302 382 256 215 3,221 3,610 3,360 2,365 -
1:2 Rice-cotton 240 270 280 234 290 392 243 178 3,120 4,329 3,335 2,751
2:2 Rice-cotton 237 285 231 202 334 408 274 214 3,605 4,272 3,495 2,742
1:3 Rice-cotton 226 257 233 181 282 360 212 198 3,607 8,760 38,140 2,560
LSD (5%)? - 90 80 132 79 101 78 68 68 634 478 350 624
CV. (%) 271 27.1 379 272 225 13.8 1856 23.0 127 8.0 8.7 16.2

1As determined by the MCES Soil Testing Laboratory.
2For comparison of any two means within a column or sample depth.

Table 5. Influence of a 4-year rice-cotton rotation on magnesium, zinc, and sulphur. Delta Branch Experiment
Station, Stoneville, MS. :

Soil test analysis at 0 to 6 inches!

Treatment Magnesium Zine ' Sulphur
description ' 1984 1984 1986 1987 1984 1985 1986 1987 1984 1985 1986 1987 -
(Th/A)
Continuous cotton 480 454 508 366 4.5 4.7 6.7 2.2 111 133 123 93
Continuous rice 429 436 496 356 3.3 4.9 6.1 2.1 116 128 121 97
1:1 Rice-cotton 429 438 488 . 272 5.2 4.4 4.5 1.6 102 128 123 100
1:2 Rice-cotton 437 626 536 412 4.2 6.2 6.6 2.1 109 142 122 107
2:2 Rice-cotton 425 486 567 365 3.7 5.4 5.6 2.1 124 145 130 112
1:3 Rice-cotton 528 550 574 395 3.1 4.3 5.0 1.9 109 144 133 116
LSD (5%)2 66 136 176 130 3.5 18 3.3 0.8 27 17 14 20
C.V. (%) 9.6 18.1 22,1 239 58.4 23.3 38.0 25.3 15.9 8.1 7.3 12.6
Soil test analysis at 6 to 12 inches

Continuous cotton 578 520 711 406 3.7 5.4 4.0 2.0 99 113 96 74
Continuous rice 569 529 698 571 3.7 49 49 1.7 98 105 90 85
1:1 Rice-cotton 542 514 862 417 2.5 5.9 3.2 15 96 110 74 78
1:2 Rice-cotton 537 563 715 452 3.6 5.6 4.2 2.2 95 125 84 91
2:2 Rice-cotton 531 605 709 492 4.0 6.4 3.9 24 109 119 93 87

! 1:3 Rice-cotton 650 " 642 908 511 2.1 4.4 2.9 15 - 89 114 71 91

E LSD (5%)2 104 101 218 258 16 24 2.3 0.6 25 20 26 26

: CV. (%) 12.2 12.0 18.8 36.0 32.2 29.0 39.6 20.7 17.2 114 20.5 20.8
1As determined by the MCES Soil Testing Laboratory. :
ZFor comparizon of any two means within a column or sample depth.
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types that require additional inputs of nutrients other
than nitrogen. :

Net returns

The 4-year average net return per acre was
calculated for each rotational seheme, Continuous cot-
ton resulted in $143/A net return (Table 6). Two years
of rice followed by 2 years of cotton resulted in net
returns of $131/A. The 1:1 system had a 4-year
average net return of $114/A. There were no statistical
differences in net returns for any system evaluated.
However, numerical differences, such as those dis-
cussed earlier, faver continuous cotton over a rota-
tional system. This, coupled with the lack of short-
term soil benefit, makes it difficult to consider rice
as a rotational crop with cotton.

Table 6. Net returns (above specified expenses) to land
and management for six rice-cotton rotation systems.
Delta Branch Experiment Station, Stonevilie, MS.

Net returns!

Treatment 1984 1985 1986 1987 4 yr-avg.
($/A)
Continuous cotion 301 156 -36 150 143
Continuous rice (116) (158 (65 (10} 83
1:1 Rice-cotton {145) 181 (61) 69 114
1:2 Rice-cotton 160y 201 -49 (80) 98
2:2 Rice-cotton a70 170 58 125 131
1:3 Rice-cotton {154) 186 -96 87 83
LSD (5%)2 84 NS NS NS N8

1Returns for rice are shown in parentheses.
2For comparison of any two means.

Conclusion

On a short-term basis, rice did not influence seed
cotton yields appreciably, nor did it offer any advan-
tages in terms of net profit. In fact, a slight reduction
in yield occurred following 1 year of rice in 1987, due
apparently to increased plant populations and reduc-
tion in height. The appreciable amount of rice straw
at the end of the growing season did not improve
organic matter as expecfed. For this soil type, con-
tinuous rice seemed to reduce available calcium
significantly.

Problems associated with production of rice on the
soil type used in this study make it economically in-
feasible to produce at present. These problems
include:

(1) Instability of levee construction due to high sand
content.

(2) The need for increased flushings early in the
spring to maintain crop uniformity and stand.

Flushing was necessary in some cases to alleviate
constriction of young plants at the soil line.

(3) Nitrogen rates for rice on this soil type have not
been established and will be necessary to more
closely optimize yield.

(4) Disease incidence was higher on this soil type than
when similar rice varieties were grown on other
soil types in adjacent areas.

(5) An increased level of management was required
due to fertilization, weed control, and disease pro-
blems associated with the soil type used in this
study.
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