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ABSTRACT

Studies on simulated swathing of small grain were conducted in 

1977 at the University of Arizona Mesa Experiment Station and Cotton 

Research Center to determine the earliest stage of maturity that wheat 

and barley may be harvested without loss in yield. Swathing at kernel 

moisture contents of 44-51% causes little or no reduction in yield, and 

will advance the harvest of grain by 12 to 22 days. This practice pro

vides a longer growing season and increased yield potential for cotton 

planted after harvest of grain.

Row spacing and population studies of late planted cotton were 

conducted at Casa Grande in 1976 and at the Cotton Research Center in 

1977. Yield of cotton planted in double rows was significantly greater 

than in single rows for the two years. Plant populations had no sig

nificant effect on yield. In 1977, lint production tended to be 

earlier when planted in double rows at the highest plant population 

compared to plantings in single rows at lower populations.

An economic analysis was made of cropping alternatives follow

ing the harvest of small grain. A milo crop or fallowing the land 

carried lower risks than late cotton because of smaller outlays in var

iable costs, but late cotton yielded the greatest returns over variable 

costs. Therefore, a grower's potential profits are greatest with the 

double-crop cotton alternative.

ix



INTRODUCTION

When high grain prices prevailed in 1975 and 1976, small grain 

acreages increased in Arizona. Additionally, small grains are often 

planted not because of price incentive but to maintain the productiv

ity of the land. Following a June grain harvest, growers have tradi

tionally left the land fallow or planted milo or green manure crops. 

High overhead costs and low milo prices have caused growers to recon

sider these practices.

The long growing season in Arizona permits maturing a cotton 

crop planted after small grain. Arizona is one of the few areas in the 

United States where climate permits this practice. Cotton planted 

after a small grain harvest has a yield potential of 840 to 1120 kg/ha. 

This yield potential decreases rapidly as planting is delayed past mid- 

Hay. Therefore, management techniques to provide a quick turnaround 

between crops and to advance the earliness of late cotton are essential 

to successful double cropping.

This study was undertaken to evaluate: (1) At what stage of

maturity small grains may be swathed and dried in a windrow without 

appreciably reducing grain yield, (2) the effect of single and double 

row spacing and three plant populations on the yield and maturity of 

late planted cotton, (3) the economic returns from producing double

crop cotton as compared to double-crop milo.

1



LITERATURE REVIEW

Crop Rotations

It is a common practice among Arizona cotton producers to 

rotate cotton with other crops. Even though the value of crop rota

tions in maintaining soil productivity is not well documented, most 

Arizona cotton growers associate high cotton yields with rotations 

which include small grains (Hathom and Taylor 1972, Anonymous 1977). 

Rotating cotton with small grain is recommended as a measure in the 

control of Verticillium albo-atrum. Phymatotrichum omnivorum, and 

nematodes (University of Arizona Cooperative Extension Service 1964).

Planting double crop cotton after harvesting small grain is 

seen as a more profitable alternative for growers than traditional op

tions of leaving the land fallow or planting grain sorghum (Hathorn 

and Taylor 1973). They projected that at current prices late planted 

cotton could increase returns to a farm operation, while a grain 

sorghum crop may break even at best. Hathorn and Farr (1977) stressed 

that profit can be maximized by selecting a crop mix which can be 

supported by the available resources of the operating unit and maxi

mize returns over variable costs. In a double cropping test, Cannon 

(1978) reported that a combination of single row cotton following 

barley gave a net return of $69/ha more than the full season cotton 

comparison plots. Cannon stated that this was due in part to a high 

incidence of Phymatotrichum omnivorum in the full season cotton, where

as there was none detected in the cotton following barley.

2
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Effect of Planting Date on Yield of Cotton

It is known that cotton yield is closely related to planting 

date (Taylor 1976). In a summary of 5 years data, Jackson and Tilt 

(1970) reported that mid-March is the optimum planting date for 

Gossypium hirsutum in Yuma, Arizona. Early March plantings yielded 

slightly less, but yields declined rapidly as planting was delayed past 

the optimum date. Taylor (1976) stated that in Arizona, there is a 

yield potential of 840 to 1120 kg/ha from cotton planted in mid-May, 

but this potential declines by 56 kg/ha per week as planting is de

layed. By mid-June the loss increases to 84 kg/ha per week. Farr 

(1976) observed similar results for central Arizona. There was a 

gradual decline in yield as planting was delayed past April 25, and a 

severe reduction in yield from planting after June 15.

In Texas, Rogers and Bonnen (1956) reported that cotton planted 

in mid-May yielded 448 kg/ha of lint, while cotton planted in early 

June yielded 271 kg/ha. Also in Texas, Bilbro and Ray (1973) measured 

lint yields of 1077 kg/ha from cotton planted on April 20, 907 kg/ha 

from June 1 plantings, 751 kg/ha from June 10, 494 kg/ha from June 20, 

and 254 kg/ha from June 30. They also found reductions in lint per

cent, fiber length, and micronaire due to late planting. Fiber 

strength was increased by planting late. Similar yield reductions were 

measured by Constable, Harris and Pauli (1975) in Australia. They also 

observed a substantial decline in micronaire as planting was delayed, 

with no effects on length or strength. In Sudan, Jackson, Faulkner 

and Schultz (1967) reported that early August plantings yielded 1487
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kg/ha, while late August plantings yielded 1204 kg/ha with reductions 

in length, maturity ratio, strength, and micronaire. The yield and 

quality reductions resulting from late planting are due to the less 

favorable temperatures and/or greater insect pressures encountered in 

the latter part of the growing season (Bilbro and Ray 1973, Constable 

et al. 1975, Jackson et al. 1967).

Swathing Wheat and Barley

Barley and wheat are usually harvested by direct combining at 

a kernel moisture content (K.M.C.) of 12% or less. In many areas of 

the United States and Canada, letting the grain stand in the field un

til this stage of maturity is likely to result in losses in yield and 

quality due to wind, rain, hail, frosts, insects, and green weeds 

(Dodds 1957, Dew and Bendelow 1963, Dodds and Dew 1958). These workers 

proposed swathing grain in the dough stage and letting it dry in the 

windrow as a way of reducing exposure to the environment. Brewer and 

Poehlman (1968) suggested that in addition to providing an escape 

from weather damage, swathing grain permits planting the following crop 

earlier compared to direct combining. The practice has been used by 

Arizona and California growers to advance the planting of cotton after 

a small grain harvest (Cline 1976, Deterling 1975).

Dodds (1957) studied the effect of swathing at different stages 

of maturity on wheat yield and quality. He observed a significant in

crease in yield and bushel weight as the K.M.C. declined to 35%, with 

no significant changes at lower kernel moisture contents.
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Numerous studies have shown that as kernel moisture content of 

barley decreases, yield and bushel weight increase and reach a maximum 

at K.M.C. of 33 to 45% (Dodds and Dew 1958, Brewer and Poehlman 1968,

Dew and Bendelow 1963, Koenig, Robertson and Dickson 1965). Thus, 

swathing barley at 33 to 45% K.M.C. results in capturing the maximum 

yield of grain while permitting an earlier harvest. If barley is to be 

used for malting, however, protein-carbohydrate ratios come into play 

and swathing should be delayed until the kernels reach maximum plump

ness at 28 to 30% K.M.C. (Brewer and Poehlman 1968, Koenig et al. 1965).

Effect of High Population and Narrow Rows 
on Earliness and Yield of Cotton

Cotton is an indeterminant plant, and initiates potential fruit

ing positions at intervals of about 3 days between nodes on the main 

stem and 6 days between nodes on the fruiting branches. A reduction in 

the fruiting period therefore, results in fewer fruiting points per 

plant. This disadvantage can partially be overcome by increasing the 

number of plants per unit area (Lewis 1971, Ray and Hudspeth 1966) thus 

allowing growers to shorten the length of the growing season without 

sacrificing yield. For example, a hectare of land containing 49,400 

plants with an average of 12 bolls per plant would yield the same as a 

hectare of land containing 494,000 plants with an average of 1.2 bolls 

per plant. And, according to Lewis (1971), the high population could 

set its bolls at a rapid rate and complete fruiting in less than a week, 

while the low populations would require at least 4 weeks. However,
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Buxton (1978) suggests competition between plants planted In high popu

lations results in physiological responses that delay maturity.

The effects of high populations on earliness have been known 

for a long time. After the introduction of the boll weevil to the 

United States in the early part of this century, researchers found that 

thicker stands of plants matured earlier, thus avoiding late season 

losses to the insect (Brown 1923, Hall and Armstrong 1926, Ware 1930). 

More recent studies in conventional row spacings concur that high popu

lations advance the maturity of the crop (Bridge, Meredith, and Chism 

1973, Tugwell and Waddle 1964). However, other population studies 

with conventional row widths show that high populations have no con

sistent effect on maturity (Ray, Hudspeth and Holekamp 1959) or that 

high populations delay maturity (Burch 1970, Peebles, DenEartog, and 

Pressley 1956).

In 1971, Ray suggested that varying results such as these are 

due to two opposing effects of high populations on earliness. A higher 

population has more early season fruiting points per hectare, which 

tends to make the crop earlier. But crowding the plants together 

raises the height of the first boll, delaying the start of fruiting. 

Buxton (1978) reported that for each 111,000 per hectare increase in 

plant density the height of the first boll is raised one mainstern node. 

Ray stated that either of these factors may be dominant, depending on 

climate, variety, population, plant spacing, and production practices.

The delay in the initiation of the first boll is caused by com

petition among the closely spaced plants for light, nutrients, space.
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COg, and water. As plants are spaced closer together, competition be

gins at an earlier stage of crop development (Fowler and Ray 1977). It 

has been proposed that this competition can be reduced or deferred for 

a time by reducing the distance between rows, thus increasing the 

distance between plants within the rows and providing a more satisfac

tory geometric arrangement of plants on the land (Fowler and Ray 1977). 

For example, a plant density of 148,200/ha in single 101.6 cm rows will 

have an average plant spacing of 6.35 cm within the row, providing a 

growth area of 6.35 cm by 101.6 cm for each plant. Planting two rows 

per bed at the same density provides an area 12.70 cm by 50.8 cm 

(Brashears, Kirk, and Hudspeth 1968).

Improving the spatial arrangement of the planting pattern allows 

the crop to form a canopy sooner and intercept more sunlight during the 

growing season. Many researchers (Buxton 1978, Taylor 1973, Buxton, 

Briggs, and Patterson 1973, Ehlig and Donovan 1972, Johnson, Walhood, 

and West 1973) emphasized that this is the most significant advantage 

of narrow rows. Light interception measurements in the San Joaquin 

Valley of California show that narrow rows intercepted 10 to 15% more 

sunlight during a growing season than the conventional row spacings ' 

(Johnson et al. 1974). In one experiment in the San Joaquin Valley, 

Johnson et al. (1973) found that cotton planted in 50.8 cm rows reached 

full canopy 10 to 11 days sooner than cotton in 101.6 cm rows. Because 

the increase in light interception occurs during the early part of the 

growing season, the maturity of the crop is advanced (Johnson and 

Walhood 1970). Ehlig and Donovan (1972) found that double rows on
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91.4 cm beds flowered at a higher rate during the first part of the 

fruiting season than single rows. Boll retention was higher for double 

rows during the early part of the season. The authors stated that 

these differences were due to the fact that double rows attained canopy 

closure sooner than single rows. Once the single rows reached full 

canopy, flowering and retention rates were the same. Taylor (1973) and 

Buxton et al. (1973) reported similar findings.

The longer period of light interception of cotton planted in 

double rows compared to single row plantings usually results in greater 

productivity. In Arizona, Buxton (1978) reported that switching from 

beds 101.6 cm apart to two rows per 101.6 cm bed consistently increased 

yields by about 10%. He said that because leaf area is adequate for 

maximum photosynthesis with relatively low plant densities of narrow 

row cotton, he found little difference in yield when plant populations 

ranged from 74,100/ha to 296,400/ha. Several authors agreed that yield 

increases may be attributed to narrow row planting pattern rather than 

increased population (Hawkins and Peacock 1973, Koli and Morrill 1976, 

Brashears et al. 1968). Brashears et al. (1968) noted that yields de

creased at a plant density of 490,000/ha. However, Low and McMahon 

(1973) observed that higher plant densities are recommended in areas 

with short growing seasons. On the High Plains of Texas where the 

season is shorter than in Arizona, Hudspeth and Brashears (1974) found 

that yield of narrow row cotton was similar to single row plantings at 

populations of 123,500/ha, but narrow row plantings outyielded single 

row plantings at densities of 242,000/ha.
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Baker (1976) observed that narrow rows produced significantly 

more flowers than the conventional check and thus had a higher poten

tial yield. However, this higher potential yield did not materialize 

into actual yield because of increased shedding rates and significant

ly smaller boll sizes in the narrow row treatments.

Effect of High Populations and Narrow Rows 
on Cotton Fiber Quality

In 1966, Ray and Hudspeth suggested that fiber quality is af

fected by the length of the fruiting period. They reasoned that the 

short fruiting period of high population-narrow row culture could im

prove fiber quality. Conventional cotton sets bolls over the full 

season. The long period over which bolls are set leads to differences 

in fiber quality between early-developed and late-developed bolls.

Ray and Hudspeth pointed out that "bolls set early in the season de

velop under more favorable temperatures than late set bolls and 

consequently, fiber quality is higher in early-set than late-set bolls." 

Low and McMahon (1973) stressed that the adverse effects of growing 

cotton late into the season are more pronounced on fiber quality than 

the effect of competition from high populations. They demonstrated 

that micronaire declines as fiber is produced later in the season, and 

concluded that avoiding production during the end of the season can be 

expected to improve average quality. A study by Tugwell and Waddle 

(1964) confirms this. They harvested boll samples weekly so that lint 

was not exposed to field weathering. There was a dramatic decline in 

length, strength, and fineness after the 3rd or 4th week of boll



opening, thereby suggesting there is more involved in the decline of 

lint quality of late-harvested bolls than field deterioration.

In 1978, Buxton reported that Increasing plant density had 

little effect on fiber quality except to reduce micronaire somewhat. 

This trend was apparent in both conventional and narrow rows.

In conventional rows, Peebles et al. (1956) measured a 3% re

duction In fiber strength and a decrease in micronaire as populations 

increased from 45,300/ha to 203,858/ha. They found no effects of high 

populations on fiber length. Over a similar population range, Ray 

et al. (1959) confirmed that micronaire decreased as populations in

creased. Length and strength were not affected by high populations. 

Bridge et al. (1973) demonstrated that there was a general trend for 

micronaire to decrease as population increased, but the differences in 

fiber quality were small in magnitude and of no practical value.

In narrow rows, Brashears et al. (1968) reported that micro

naire was significantly reduced by high populations. Kirk, Brashears, 

and Hudspeth (1969) measured a reduction in micronaire and fiber 

strength as between-row spacing and within-row spacing of plants de

creased. Hawkins and Peacock (1973) found no effects of population on 

fiber characteristics but reported that 75.6 cm row spacings produced 

finer fibers than 50.8 or 101.6 cm rows. Studies conducted by Heilman, 

Namken, and Cantu (1975) and Koli and Morrill (1976) revealed no sig

nificant differences in fiber quality due to population or row spacing. 

Taylor (1971a) reported that high populations and narrow rows increased 

lint uniformity and improved overall lint quality over conventional

10
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production systems. Briggs and Patterson (1970) concluded that lower 

micronaire may be expected with high populations but that cotton cul

tivate are able to maintain their inherent fiber properties even when 

produced under high populations.

Harvesting Narrow Row Cotton

Harvesting is probably the biggest deterrent to grower accept

ance of narrow row cotton in Arizona (Taylor 1973). Conventional 

spindle pickers cannot harvest most narrow row plantings, so finger- 

type strippers have frequently been used (Buxton 1978, Low and McMahon 

1973). The stripper machines cost less to operate than ipindle pick

ers (Taylor 1971b, Payne et al. 1976) but lint grades and ginning 

turnouts are reduced by increased trash. In addition, ginning costs 

are increased (Payne et al. 1976, Spencer 1977). Strippers are also 

limited by plant type (Deterling 1974, Wilkes 1971) and weather 

(Taylor 1973). Plants with large vegetative branches catch on the 

stripper fingers, plugging the machine (Buxton 1978). Other problems 

include lack of adequate plant desiccation without regrowth and ade

quate weed control (Wilkes 1971). Although spindle pickers are 

expensive complicated machines with high maintenance costs, the accept

ance of these machines in the irrigated areas of the cotton belt has 

resulted from their ability to harvest and retain the quality of cotton 

under a wide range of plant and weather conditions (Tupper et al. 1977).
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Double Drill Rows

A narrow row planting pattern that can be harvested with a 

spindle picker could result in quick acceptance of the narrow row con

cept by growers (Taylor 1973). Planting two rows 15.2 cm or 17.8 cm 

apart per 101.6 cm bed advances earliness over single rows by 7 to 10 

days and can be harvested with a spindle picker without a reduction in 

efficiency (Tupper and Anderson 1973, Anonymous 1977, Boyd 1973, 

Deterling 1974, Heilman et al. 1975, Jennings 1976, Taylor 1973, 

Wessling, Eickhoff, and Stater 1977).

Tupper and Anderson (1973) observed that even though plants 

were shorter in twin drill rows than in single rows, plants in the twin 

rows tended to lean away from each other, increasing sunlight inter

ception in the field. They reported a significant 16% yield increase 

in double rows over single rows, with peak yields reached at popula

tions of 98,800 and 64,220 plants per hectare, respectively. Field 

testing by the University of Arizona Extension Service has shown 

dramatic yield increases in twin 15.2 cm rows over single 101.6 cm rows. 

The twin 15.2 cm row spacings may be harvested with a spindle picker 

and yield increases often compare favorably with yields attained by 

planting two rows 30.5 cm apart on 101.6 cm beds (University of Arizona 

Cooperative Extension Service and Agricultural Experiment Station 1974, 

Taylor et al. 1976). Thus, the use of the spindle picker permits cap

turing the yield advantage of a narrow row pattern without the 

accompanying reductions in lint grade and percent turnout associated 

with a stripper harvester (Payne et al. 1976, Jennings 1976).



MATERIALS AND METHODS

Wheat and Barley Dry Matter Accumulation Study 

Field studies were conducted at the Mesa Experiment Station in 

Mesa on a Laveen day loam, a Pypic Calciorthids coarse, loamy, mixed 

Hyperthermic soil, and at the Cotton Research Center in Phoenix on an 

Avondale clay loam, a member of the fine, loamy, mixed Hyperthermic 

Torrifluventic Haplustolls soils during 1977. Cultivars chosen to rep

resent small grains commonly grown in Arizona included Cajeme 71, a 

bread wheat; Produra, a durum wheat; Arivat barley; and A 1970-1, an 

early maturing University of Arizona barley selection.

Small grains were planted in moist soil at the Mesa Experiment 

Station on November 19, 1976. Standard cultural practices were used.

The wheat study was part of a larger evaluation of wheat maturity, 

yield, and quality. The barley study was conducted in the control plots 

of a larger test on the use of sewage sludge for fertilizer. Experimen

tal designs of the larger tests were randomized blocks with four 

replications of 1.5 x 3.7 meter plots in the wheat and 1.5 x 2.8 meter 

plots in the barley. The wheat and barley were harvested with a small 

plot combine on May 20 and 25, 1977 respectively.

Arivat barley was planted in a 0.52/ha block and A 1970-1 in a 

0.99/ha block at the Cotton Research Center on December 20, 1976. The 

barley was sown in dry soil and germinated with an emergence irrigation. 

Cultural practices were standard for Arizona. The barley was harvested 

with a commercial combine on May 31, 1977.

13
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Heads from each culm on representative plants were harvested by 

hand three times weekly, beginning when the kernels were in the milk 

stage and continued until maturity. All heads of a plant were removed 

to Insure that tillers and more mature heads were represented in the 

samples. Samples were collected from each replication at Mesa and from 

four quandrants of each variety at the Cotton Research Center. Ideally, 

the samples should have been threshed so that moisture determinations 

could be made on the kernels. But because it is very difficult to
ithresh grain that is in the milk stage of maturity, the awns were 

trimmed off and the head left intact. To minimize moisture loss from 

the field to the laboratory, the samples were placed in watertight con

tainers and packed in ice. The samples were weighed and oven dried at 

80°C for 3 to 5 days, until weight remained constant, and reweighed. 

Kernel moisture content was computed on a fresh weight basis. To cal

culate oven dry kernel weights, the grain was threshed with a laboratory 

thresher, cleaned, weighed, and counted with an electronic seed counter. 

Kernel weights are expressed as weight of 1000 kernels.

Dry matter accumulation data was analyzed by a computer program 

which calculates a two-segmented regression line (Hudson 1961). This 

was done on the assumption that the data represents a pair of intersect— 

ing straight lines. The rate of loss of kernel moisture content was 

calculated by a regression analysis.



Row Spacing and Population Density Trials 
in Cotton Following Small Grains
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Row spacing and population density trials of cotton following 

small grains were conducted at the Delta and Fine Land Company Casa 

Grande Breeding Station in 1976 and at the University of Arizona Cotton 

Research Center at Phoenix in 1977. The soil at Casa Grande is a 

Mohall loam, a member of the Pypic Haplargids, fine, loamy, mixed, 

Hyperthermic soils.

In Casa Grande, land preparation for cotton planting included 

shredding straw, double disking, listing, and a preirrigation. Fifty- 

six kg/ha of N was applied preplant, 0.8 kg/ha of triflurilin and 1.1 

kg/ha of prometryn were applied over the top of the beds and incorpor

ated with a power mulcher. The treatments consisted of four 101.6 cm 

rows planted in single or two seed rows 15.2 cm apart per bed, each 

planted at rates of 11.2, 16.8, and 22.4 kg/ha of seed. The single row 

plots were planted with four John Deere 71 flexi-planters on a four row 

tool bar. The twin 15.2 cm rows were planted by moving each unit 

planter 7.6 cm to the right of the 101.6 cm center and adding a tandem 

tool bar (one meter behind the first tool bar) with four more flexi- 

planters mounted 7.6 cm to the left of the 101.6 cm center• The plot 

design was a randomized complete block, with four replications of four 

row (4.1 meter wide) plots, each 91.5 meters long. All plots were 

planted with ’Deltapine 16* seed on June 15, 1976. The seed was planted 

in moisture and quickly emerged. Three postplant irrigations of 15 cm 

each were applied, ending on September 15. One hand hoeing was required 

to remove volunteer alfalfa. Seven applications of insecticide were
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made for Pectlnophora gossypiella (Saunders) and Hellothls zea 

(Boddle). Insect damage was light. The plots were defoliated with 

18.7 1/ha of Sodium Chlorate on November 2 and by a frost on November 

26. On December 9, the two center rows of each plot were harvested 

with a conventional International Harvester 420 spindle picker.

The 1977 test at the Cotton Research Center followed a 1976 

cotton crop and the 1977 barley crop previously described. Because the 

field had not been chiseled after the 1976 cotton, there was a com

pacted plow layer at a 15 to 20 cm depth. Chiseling the field after 

the barley harvest would have unearthed large clods of soil, requiring 

a heavy preirrigation, and thus delaying planting. The barley straw 

was disposed of by triple disking. One hundred-twelve kg/ha of N and 

1.1 kg/ha of penoxalin were applied preplant, the herbicide was incor

porated with a shallow disking. Due to the hard pan, listing was 

difficult resulting in low, nonuniform beds. On June 2, ’Deltapine 16* 

seed was planted in dry soil with the same treatments and equipment as 

in the 1976 test. The plot design was a randomized complete block with 

12 replications of four row plots, each 10.7 meters long. On June 3, 

the field was irrigated to germinate the seed.. Because of the low pro

file, water flooded over the top of many beds, resulting in crusting and 

poor seedling emergence. Another irrigation on June 9 failed to improve 

the stand. On June 13, all plots were replanted in moisture. A conven

tional International Harvester cotton planter was used for the single 

rows, the double rows were planted by adding "seed splitters" which plant 

twin drill rows from single seed hoppers. During emergence, soil surface
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temperatures reached 54 C, killing many of the emerging seedlings.

After a stand count on July 7, four replications of the test were 

abandoned because of low seedling survival. Layby weed control con

sisted of a directed spray of 1.1 kg/ha diuron on July 7 and a hand 

hoeing on July 19. The urban location of the Cotton Research Center 

requires extreme caution when using chemicals. This limitation severe

ly hampered insect control. Fourteen applications of various com

pounds were made for Pectinophora gossypiella (Saunders), Lygus 

hesperus, Heliothis virescens. and Bucculatrix thurberiella Busch. 

Insect damage was heavy. A flower tagging study was initiated when the 

first flowers appeared on August 3 and continued until September 22. 

Open flowers were tagged each day in one row, 2 meter long plots in 

each replication. Open bolls were harvested and assigned to the week 

the flower appeared so that lint production could be determined for 

each week of fruiting. Other data secured from the tagging plots were 

numbers of flowers produced, fruiting form retention rates, boll size, 

and total lint yield. The field was defoliated with two applications 

of 3.5 1/ha bollseye on October 15 and November 1. The flower tagging 

plots were hand-harvested on November 17.

Data for the two year's tests were analyzed by the University 

of Arizona's CYBER 175 computer using the analysis of variance program 

from the Statistical Package for the Social Sciences. '
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Economic Evaluation of Double 
Cropping Alternatives

Economic analyses of double cropping alternatives were made 

with the assumption that the first crop is small grain. Partial 

budgets of cropping alternatives following small grain were prepared, 

taking into consideration only those costs and returns which would be 

affected by the cropping plans considered. In other words, the costs 

incurred when leaving the land fallow are not considered in this 

analysis.

The variable cost of producing cotton after small grain is 

based ,on the operations and inputs of the 1976 cotton crop at Casa 

Grande. The 1977 cotton at the Cotton Research Center was not used in 

this economic evaluation for the following reasons: (1) Insect spray

ing was not appropriate for late cotton. Only one small field on the 

entire farm was planted to late cotton, therefore, insecticide applica

tions were based on the needs of the entire farm. The result was that 

spraying began 2 weeks before the first flower appeared in the late 

cotton, and applications were made to control insects that were not 

problems in that field. Most of the farm was sprayed to control 

Pectinophora gossypiella (Saunders), Bucculatrix thurberiella (Busch), 

and Lygus hesperus Knight, while the late cotton suffered heavy damage 

from Heliothis zea/virescens. (2) Too much water was applied on the

1977 crop. This was not only an unnecessary level of input, but the 

irrigation regime favored vegetative growth over reproductive growth. 

(3) Yields were low because of poor insect control and inappropriate
water management.
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Budgets were prepared to reflect production costs with surface 

water Irrigation, hence production cost data are from the 1977 Arizona 

Field Crop Budgets for Maricopa County (Hathom and Farr 1977). Salt 

River Project surface water costs were used for all cropping alterna

tives'. The inputs and operations reported for cotton by Hathom and 

Farr are as actually performed at Casa Grande in 1976, except that one 

irrigation and one defoliation were added to the budget to reflect 

operations that would be more typical of producing late cotton. Since 

there was a significant difference in 1976, the data are presented for 

both single and double row treatments.

The inputs, operations, and yield of late mllo are from the 

same budgets by Hathom and Farr (1977).

Depreciation, fuel, oil, and repairs are assumed to be variable 

machinery costs, based on hours of use. Taxes, housing, insurance, and 

interest on machinery were considered to be fixed costs. Crop prices 

used in this analysis are the 1977 season average prices received by 

Arizona growers (Arizona Crop and Livestock Reporting Service 1978).

The profitability of the late cropping alternatives are com

pared by their cash returns over variable costs.



RESULTS AND DISCUSSION

Swathing Wheat and Barley

During the milk and soft dough stages of development, dry 

matter in wheat and barley kernels accumulated at a significant rate 

(Table 1). Dry matter accumulation ceased or greatly decreased when 

the kernel moisture content (K.M.C.) declined 44 to 51%, where the ker

nel weights stabilized. Only small changes in kernel weights were 

observed after a level of stabilization was reached. (Table 1, Figs.

1, 2, and 3).

Caj erne 71 wheat kernels lost moisture at the rate of 1.7% per 

day (Fig. 4). As the kernels lost moisture, a rapid translocation of 

dry matter into the kernels occurred (Table 1, Fig. 1). This accumula

tion of dry matter continued until the moisture content of the kernels 

declined to 44%. When the kernels reached 44% K.M.C., the loss of ker

nel moisture continued but no significant changes in dry kernel weights 

were observed. Therefore, the maximum yield of Cajerne 71 wheat was 

attained when the K.M.C. was at 44% and remained stable until the grain 

was ripe. When Cajerne 71 reached a K.M.C. of 44%, an additional 19 

days were required for the grain to reach 12% K.M.C., a moisture level 

required for safe storage and the maximum preferred for efficient direct 

combining. If swathed at 44% K.M.C. and left to dry in the windrow,

Cajerne 71 would reach 12% K.M.C. in 3 days. This would result in a net

time savings of 16 days (Fig. 5) while capturing the maximum yield of 
grain.

20
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Table 1. Rate of accumulation of dry matter In small grain kernels, level of kernel moisture
content at stabilization of kernel dry weight, dry weight of kernels at stabilization, 
and change in dry weight after kernel filling.

Rate of Dry 
Matter Deposit 
in Kernels

Variety/Location Before Stabilization
(gm/1000 Kernels/
1% Loss in K.M.C.)

Level of Kernel 
Moisture at 
Kernel Dry Matter 
Stabilization 
(percent) V

Dry Weight of 
Kernels at 
Stabilization 
(gm/1000 Kernels)

Change in Kernel 
Dry Weight Follow
ing Stabilization 
(gm/1000 Kernels/ 
1% Loss in K.M.C.)

Caj erne 71 Wheat - Mesa 1.46** 44.0 + 2.3 46.47 + 0.07 n.s.

Produra durum Wheat - Mesa 1.71** 45.8 + 2.1 50.03 + 0.12*

Arivat Barley - Mesa 1.14** 46.7 + 2.3 40.56 - 0.05 n.s.

A 1970-1 Barley - Mesa 1.31** 45.0 + 2.3 47.32 + 0.02 n.s.

Arivat Barley -
Cotton Research Center 1.13** 50.6 + 2.8 36.27 - 0.07*

A 1970-1 Barley -
Cotton Research Center 1.45** 49.1 + 2.9 40.63 - 0.02 n.s.

— ^.05 t-test range.
.s. = not significant 
Significant at .05 

** Significant at .01

H
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Fig. 2. Dry matter accumulation of barley kernels at Mesa during 1977.
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Cwtelettee = “0.941

. 4. Moisture loss of Cajeme 71 wheat kernels during maturation in 
the field at Mesa during 1977.

ol 44%

Fig. 5. Potential time saved by swathing Cajeme 71 wheat at Mesa
during 1977.
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Similarly, Produra durum wheat kernels lost moisture at 1.5% 

per day (Fig. 6). As the kernels lost moisture, a rapid translocation 

of dry matter into the kernels was observed until the K.M.C. declined 

to 46% (Table 1, Fig. 1). As the K.M.C. continued to decline, Produra 

durum wheat continued to accumulate dry matter, but at a greatly re

duced rate. Additional dry matter accumulation however, was signifi

cant. Thus, most of the dry matter in Produra durum wheat was attained 

by the time the K.M.C. was at 46%, but some gain in yield was made as 

the loss of K.M.C. continued below 46%. When the K.M.C. of Produra 

durum reached 46%, an additional 22 days were required to reach 12%.

If swathed at 46% K.M.C. and left to dry in the windrow for 3 days, the 

harvest would be advanced by 19 days (Fig. 7).

At Mesa, Arivat barley lost K.M.C. at the rate of 2.3% per day 

(Fig. 8). During loss of K.M.C., a rapid translocation of dry matter 

into the kernels occurred until the K.M.C. declined to 47% (Table 1, 

Fig. 2). The maximum dry kernel weight of Arivat barley was attained 

when the K.M.C. was 47%, and no significant change in dry kernel weight 

was measured as moisture loss continued. After reaching 47% K.M.C., 15 

days were required for the Arivat barley to lose sufficient moisture to 

permit direct combining. Swathing at 47% K.M.C. would have advanced 

the harvest by 19 days (Fig. 9) while resulting in the mavirmim yield of 
grain.

At Mesa, Arizona 1970-1 barley lost K.M.C. at the rate of 1.6% 

per day (Fig. 10). As kernel moisture was lost, dry matter was rapid

ly translocated into the kernels until the K.M.C. declined to 45%
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. 6. Moisture loss of Produra durum wheat kernels during maturation 
in the field at Mesa during 1977.

Fig. 7. Potential time saved by swathing Produra durum wheat at Mesa
during 1977.
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Fig. 8. Moisture loss of Arivat barley kernels during maturation in 
the field at Mesa during 1977.

z so

Potential time saved by swathing Arivat barley at Mesa during
1977.

Fig. 9.
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U 40

Fig. 10. Moisture loss of A 1970-1 barley kernels during maturation 
in the field at Mesa during 1977.

where the maximum dry kernel weight of A 1970-1 was attained (Table 1, 

Fig. 2). No significant change in dry kernel weight was measured as 

the K.M.C. continued to decline below 45%. Twenty days after reaching 

45% K.M.C., Arizona 1970-1 barley was ready to direct combine. Swath

ing at 45% K.M.C. would have resulted in a time savings of 17 days 

(Fig. 11) while attaining the maximum yield of grain.

At the Cotton Research Center, Arivat barley lost moisture at 

the rate of 2.1% K.M.C. per day (Fig. 12). During loss of kernel mois

ture there was a rapid translocation of dry matter into the kernels. 

Surprisingly, accumulation of dry matter ceased at 51% K.M.C. (Table 1, 

Fig. 3). As the loss in K.M.C. continued below 51%, there was a slight 

but significant decrease in dry kernel weight. Thus, the yield of 

Arivat at the Cotton Research Center reached a maximum when the K.M.C.
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Fig. 12. Moisture loss of Arivat barley kernels during maturation 
in the field at the Cotton Research Center during 1977.
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was at 51% and then decreased at lower K.M.C. levels. The barley was 

dry enough to direct combine 19 days after 51% K.M.C. level was 

reached; swathing could have advanced the harvest by 16 days (Fig. 13) 

and resulted in a greater yield than could be captured by direct com

bining.

At the Cotton Research Center, Arizona 1970-1 barley lost 

K.M.C. at the rate of 1.5% per day (Fig. 14). As the kernels lost 

moisture, there was a rapid translocation of dry matter into the ker

nels (Table 1, Fig. 3). The kernels ceased to accumulate dry matter 

when K.M.C. declined to 49%. No significant changes in dry kernel 

weight were detected as the loss of kernel moisture continued. Twenty- 

five days were required for the moisture level of A 1970-1 to decline 

to 12%. Swathing could have advanced the harvest by 22 days (Fig. 15) 

while capturing the maximum yield of grain.

Although the translocation of dry matter into grain kernels 

ceased or greatly decreased at earlier stages of maturity than expected, 

these results are similar to the findings of Dodds (1957), Dodds and 

Dew (1958), Brewer and Poehlman (1968), Dew and Bendelow (1963), and 

Koenig et al. (1965). These authors reported that as the K.M.C. of 

small grains decline, there is a translocation of dry matter into the 

kernels until the K.M.C. reaches 33 to 45%. They concluded that swath

ing small grains at 33 to 45% would advance harvest without reducing 

yield.
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el 51%

Fig. 13. Potential time saved by swathing Arivat barley at the 
Cotton Research Center during 1977.

Fig. 14. Moisture loss of A 1970-1 barley kernels during maturation 
in the field at the Cotton Research Center during 1977.
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.149%

Fig. 15. Potential time saved by swathing A 1970-1 barley at the 
Cotton Research Center during 1977.

A difference was noted in the maturation of barley kernels, 

between the Cotton Research Center and the Mesa Experiment Station. At 

the Cotton Research Center, the translocation of dry matter into barley 

kernels ceased at an earlier stage of maturity (about a 4% higher 

level of I.M.C.) than at Mesa (Table 1, Figs. 2 and 3). This extended 

deposition of dry matter and delayed maturity at Mesa was reflected in 

the greater dry kernel weights and yields at Mesa than at the Cotton 

Research Center (Tables 1 and 2).. This was probably due to differences 

in the planting dates and soil fertility at Mesa and the Cotton 

Research Center. At Mesa the barley was planted 31 days earlier and 

received 33 kg/more N than the barley at the Cotton Research Center.

A difference in the rates of K.M.C. loss was observed between 

the barley varieties. At both locations, Arivat lost K.M.C. at a 

faster rate than A 1970-1 (Figs. 8, 10, 12, and 14). This is because
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Table 2. Yield of small grains at the Mesa Experiment Station and 

Cotton Research Center, 1977.

Yield
kg/ha

Mesa Cotton
Variety Experiment Research

Station ' Center

Cajeme 71 6151 —

Produra 5617 ----

Arivat 6290 4056

A 1970-1 6581 4586
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A 1970-1 blooms a month earlier and fills its kernels in cooler temper-
j

atures than Arivat (Thompson 1978). The last irrigation for Arivat 

induced late tillering in the A 1970-1, increasing its average K.M.C.

Yield of Late Planted Cotton

Although each plant population vas not significantly different, 

populations tended to correspond to planting rate (Table 3).

Lint yields of the 1976 test at Casa Grande are shown in Fig. 

16. Yield of cotton planted in double rows was 20% greater than in 

single rows, a significant difference. Effects on yield from planting 

rate or from a planting rate X row spacing interaction were not sig

nificant.

In 1977 at the Cotton Research Center, yield differences due 

to row spacing, planting rate, or a spacing X rate interaction were 

not significant (Fig. 17). The low yields may have been due to irri

gation regime and heavy Heliothis zea/virescens damage. A total of 

100 cm of water was applied to the cotton, which was excessive for a 

short season. The plants were never stressed, and vegetative growth 

was favored over reproductive growth, especially with plants heavily 

damaged by insects. As discussed before, the insecticide applications 

were not appropriate for late cotton. This experiment was the only 

late cotton at the Cotton Research Center in 1977, thus insecticide 

applications were based on the needs of the entire farm. The high 

Coefficient of Variation (44%) is also attributed to these factors. 

Although not significant, note that cotton planted in double rows at a 

rate of 22.4 kg/ha outyielded the other treatments an average of 41%.
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Table 3. Populations of cotton planted in single and double rows 

and at three planting rates in Casa Grande during 1976 
and at the Cotton Research Center during 1977.

Planting
Rate

(kg/ha)
Row

Spacing
Plants per Hectare x 1000
Casa Grande 

1976
Cotton Research Center 

1977
22.4 single 128 ai/ 121 el/

22.4 double 126 ab 104 ab

16.8 single 84 be 94 be

16.8 double 104 ab 79 cd

11.2 single 62 c 72 d

11.2 double 86 be 67 d

Values followed by the same letter are not significantly different 
(within the same year) at the .05 level by the Student-Newman-Keuls* 
Test. C.V.: 1976 - 22%, 1977 = 16%.

1/
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Fig. 16. Lint yields (kg/ha) of cotton planted in single and double 
rows at three planting rates in Casa Grande during 1976 —  
C.V. = 13%.
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Fig. 17. Lint yields (kg/ha) of cotton planted in single and double 
rows at three planting rates at the Cotton Research Center 
during 1977--C.V. = 44%.
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When the 2 years data were combined (Fig. 18), a 20% yield ad

vantage of double rows over single rows was highly significant. There 

were no significant interactions.

These results are in agreement with Buxton (1978), Hawkins and 

Peacock (1973), Koli and Morrill (1976), and Brashears et al. (1968) 

who reported that cotton planted in double rows is more productive than 

in single rows, with little yield differences due to varying popula

tions.

Earliness of Late Planted Cotton 

Lint production jEor each week of flowering during 1977 is pre

sented in Figs. 19 and 20. During the first 4 weeks of flowering, the 

production of lint in double row 22.4 kg/ha planting rate was greater 

than all other treatments. After a canopy was formed, lint production 

was similar in all treatments.

The accumulated yield produced during the segments of the 

season is presented in Table 4. Approximately 66% of total yield was 

produced from flowers that appeared by August 28. Differences in lint 

production during segments of the season due to row spacing or plant

ing rates were not significant.

This supports work by Brashears et al. (1968) and Fowler and 

Ray (1977) who showed that improved spatial arrangement of double rows 

reduces or delays competition between plants. Double rows allow the 

crop to form a canopy sooner and intercept more sunlight during the 

season, advancing the earliness of the crop.(Buxton 1978, Buxton et al. 
1973, Taylor 1973, Ehlig and Donovan 1972, Johnson et al. 1973).

/
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Fig. 18. Average lint yields (kg/ha) of cotton planted in single and 
double rows at three planting rates during 1976 and 1977—  
C.V. = 28%.
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o-—  11.2 kg/ha, single row 
o—  16.8 kg/ha, single row 
o—— 22.4 kg/ha, single row
a - - - 11.2 kg/ha, double row 
a—  16.8 kg/ha, double row 
a —  22.4 kg/ha, double row

WEEKS OF FLOWERING

Fig. 19. Weekly lint yields of cotton planted in double and single 
rows and at three planting rates at the Cotton Research 
Center during 1977.
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o-—  11.2 kg/ha, single row 
o—  16.8 kg/ha, single row 
o—  22.4 kg/ha, single row 
a - - -  11.2 kg/ha, double row 
a—  16.8 kg/ha, double row 
a —  22.4 kg/ha, double row

WEEKS OF FLOWERING

Fig. 20. Cumulative lint yields of cotton planted in double and single 
rows and at three planting rates at the Cotton Research Center 
during 1977.
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Table 4. Mean, lint production from flowers produced during the
early, late, and total fruiting season of cotton planted 
in double and single rows and at three planting rates at 
the Cotton Research Center during 1977.

Row Spacing 
or

Planting Rate
Lint Yield, kg/ha

Aug. l-Aug.28 Aug.29-Oct. 1 Total

Double Rows 289 al/ 154 442 a^/

Single Rows 245 a 157 a 372 a

22.4 kg/ha 313 a 133 a 446 a

16.8 kg/ha 229 a 161 a 391 a

11.2 kg/ha 213 a 173 a 386 a

Values followed by the same letter are not significantly different
at the .05 level by the Student-Newman-Keuls* Test.



44

Ray and Hudspeth (1966) and Lewis (1971) noted that higher planting 

rates advanced maturity. These findings suggest that earliness can 

be advanced if each plant produces fewer bolls while yield is main

tained through a higher plant population.

Flower production during the fruiting season is presented in 

Table 5. During the early part of the fruiting season, flower pro

duction in the double row planting and 22.4 kg/ha planting rate 

treatments was significantly greater than the single row planting and 

lower planting rates. There were no significant differences in flower 

production during the late part of the season. For the entire fruit

ing season, the increased flower production in double rows was 

significant, while differences due to planting rates were not signifi

cant. Thus, a higher rate of flower production in double row plantings 

provided a greater yield potential. These results are in agreement 

with Ehlig and Donovan (1973), Taylor (1973), and Buxton et al. (1973) 

who found that the advantage of double row compared to single row 

plantings was due to the number of flowers produced early in the 

season. Although not significant, the yield of cotton planted in 

double rows was greater than the single row plantings.

Baker (1976) reported that the increased yield potential of 

double rows was offset by lower retention rates and reduced boll sizes. 

The fruiting form retention rates and boll sizes for the 1977 test at 

the Cotton Research Center are presented in Tables 6 and 7, respec

tively. No significant differences were found in retention rates or 

boll size. Thus, these results contrast with those of Baker (1976).
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Table 5. Mean flower production during the early, late, and total
fruiting season of cotton planted in double and single rows 
and at three planting rates at the Cotton Research Center 
during 1977.

Row Spacing
or Flowers per Hectare x 1000

Planting Rate Aug.l-Aug.28 Aug.29-Oct.l Total Flowers

Double Rows 515 ai/ 383 ai/ 899 ai/

Single Rows 396 b 347 a 743 b

22.4 kg/ha 554 a 379 a 769 a

16.8 kg/ha 434 b 380 a 809 a

11.2 kg/ha 390 b 379 a 884 a

i/Values followed by the same letter are not significantly different at
the .05 level by the Student-Newman-Keuls1 Test.
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Table 6. Fruiting form retention rates during the early, late, and
total fruiting season of cotton planted in double and single 
rows and at three planting rates at the Cotton Research 
Center during 1977.

Row Spacing
or Fruiting Form Retention, Percent

Planting Rate Aug.l-Aug.28 Aug.29-0ct.l Total Flowers

Double Rows 42.2 al/ 55.2 ai/ 47.5

Single Rows 43.0 a 60.3 a 50.6 a

22.4 kg/ha 42.4 a 57.2 a 47.3 a

16.8 kg/ha 42.0 a 57.5 a 49.3 a

11.2 kg/ha 43.4 a 58.7 a 50.5 a

yValues followed by the same letter are not significantly different at
the .05 level by the Student-Newman-Keuls’ Test.
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Table 7. Average boll sizes of cotton planted in double and single 
rows and at three planting rates at the Cotton Research 
Center during 1977.

Row Spacing 
or

Planting Rate
Boll size, grams 

of lint

Double 1.57 al/

Single 1.54 a

22.4 kg/ha 1.61 a

16.8 kg/ha 1.51 a

11.2 kg/ha 1.56 a

T7
C.V. - 9.7%.

Values followed by the same letter are not significantly different
at the .05 level by the Student-Newman-Keuls' Test.
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They also disagree with Ehlig and Donovan (1973), Taylor (1973), and 

Buxton et al. (1973) who reported that retention rates of double row 

plantings are higher than single row plantings during the early part of 

the fruiting season.

Economic Evaluation of Double 
Cropping Alternatives

The field operations and variable costs of producing cotton and 

milo after small grain during 1977 are presented in Tables 8 and 9, re

spectively. The variable cost of $642.30 per hectare to produce late 

cotton versus $298.89 to produce milo illustrates the potentially great

er risk with late cotton. However, the returns over variable costs for 

late cotton production ranged from $721.63 to $495.49 per hectare com

pared to $51.44 for milo (Table 10). The production of late cotton 

would maximize profits because that alternative gives the greatest re

turns over variable costs. These data are in agreement with Hathorn 

and Taylor (1973), who suggested that growing cotton after small grains 

is more profitable than growing late milo.

Breakeven prices needed to recover variable costs of crop pro

duction and the 1977 Season Average Prices are given in Table 11. In 

1977, Arizona growers received approximately twice the price for lint, 

required to recover variable costs of production. Milo prices offered 

a $13.12 per metric ton margin.
Yields per hectare needed to recover the variable costs for 

cotton were 452 kg and 3344 kg for milo (Table 12). These values rep

resent about one-half of the state average yield for cotton and 85% of



Table 8. Operations and variable costs per hectare for producing cotton after small grain In Maricopa 
County during 1977.

Times Operation
Machinery

Fuel, Oil 
Depreciation & Repairs Labor Service Materials.

Total
Variable
Costs

2 Disk 3.58 9.06 4.77 17.41
1 Fertilizer App.-broadcast — — ——— — — 6.18 20.38 26.56
1 List 1.16 3.78 2.52 7.46
1 Preirrigate 11.09 ——— 7.41 18.50
1 Herbicide Application ——— —™ 9.88 32.31 42.19
1 Incorporate Herbicide 1.75 5.14 3.19 — — —— 10.08
1 Plant 3.19 6.37 2.74 14.82 27.12
4 Irrigate 33.27 22.23 55.50
1 Cultivate 1.24 6.15 3.19 —— 10.58
2 Buck Rows .15 .47 .84 ——— 1.46
1 Disk Ends .05 .15 .12 — — .32
1 Hand Hoeing ——— 12.97 ——— 12.97
7 Insecticide Application ——— 35.44 63.40 98.84
2 Defoliate ——— 12.10 11.36 23.46
1 Prepare Ends-Harvest .37 .91 .47 ——— — 1.75
1 Pick ——— — — — 124.61 124.61
1 Tramp Trailers 6.25 — — 6.25
1 Ginning ——— —— 105.22 ——— 105.22
1 Residue Disposal 1.19 2.84 1.90 — — 5.93

Pickup Use - 97 Km 8.69 20.33 ——— — — 29.02
Production Credit at 8.5 Percent Interest --- 17.07 17.07

Variable Cost Totals 21.37 55.20 83.32 310.50 171.91 642.30

4>
vO



Table 9. Operations and variable costs per hectare for producing milo after small grain in Maricopa 
County during 1977.

Times Operation
Machinery

Fuel, Oil 
Depreciation & Repairs Labor Service Materials

Total
Variable
Costs

2 Disk 3.58 9.06 4.77 17.41
1 List and Plant 2.20 4.47 1.90 ——— 12.84 21.41
2 Insecticide Application — — ——— — —— 10.13 19.69 29.82
1 Buck Rows .07 .22 .42 .71
1 Irrigate — — 16.62 ——— 11.12 27.74
1 Pert. Ap.-Inject , 2.69 6.15 3.19 — — 43.25 55.28
1 Herbicide Application — — — — —-- 5.06 5.78 10.84
2 Cultivate 1.21 3.78 2.40 —-- 7.39
4 Irrigate — — 33.25 — — 22.23 55.48
1 Prepare Ends - Harvest .37 .91 .47 — — 1.75.
1 Combining 15.71 13.73 3.19 — 32.63
1 Hauling - 23 Km ——— — — 12.84 — — 12.84
1 Residue Disposal 1.19 2.84 1.90 —— 5.93

Pickup Use - 48 Km 4.32 10.18 — 14.50
Production Credit at 8.5 Percent Interest -— 5.16 5.16

Variable Cost Totals 31.34 51.34 68.11 33.19 114.91 298.89

Ulo
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Table 10. Gross returns, variable costs, and returns over variable 
costs of double crops following small grain in Maricopa 
County during 1977.

Crop
Row

Spacing
Yield
(kg/ha)

Gross 
Returns 
per hal/

Variable 
Costs 

per ha

Returns over 
Variable Costs 

per ha

Cotton double 959 $1363.93 $642.30 $721.63
single 800 1137.79 642.30 495.49

Milo 3920 350.33 298.89 51.44

Fallow 0.00 0.00 0.00

T7 Using the 1977 Season Average Prices from Arizona Crop and Livestock 
Reporting Service (1978). A seed/lint ratio of 1.6 kg seed per 1.0 
kg lint was used to estimate cottonseed yield.
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Table 11. Breakeven prices needed to recover the variable costs of 

producing crops after small grain in Maricopa County 
during 1977.

Crop
Row

Spacing
Price Needed 
to Recover .

Variable .Costs™ ....

1977 Season 
Average 

..... Price!/

Cotton double $ .54/kg $ 1.29/kg
single .67/kg 1.29/kg

Milo $76.25/metrie ton $89.37/metric ton

Assuming a cottonseed price of $82.65 per metric ton&Zand a cottonseed 
yield of 1.6 kg of seed per 1.0 kg of lint.

Arizona Crop and Livestock Reporting Service, 1978.2/
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Table 12. Breakeven yields needed to recover the variable costs of 
producing crops after small grain in Maricopa County during
1977.

Row Observed Yield Needed
Crop Spacing or Expected to Recover

Yield Variable Costs
.................. (kg/ha)............ (kg/ha)l/ . . .

Cotton double 959 452
single 800 452

Milo 3920 3344

Using the 1977 Season Average Prices from Arizona Crop and Livestock 
Reporting Service (1978). A seed/lint ratio of 1.6 kg seed per 1.0 kg 
lint was used to estimate cottonseed yield.

17
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the state average mile yield. When planting cotton late in the season, 

growers may be less certain of lint yield than they are of lint price. 

This is because a shorter growing season allows less time for a cotton 

crop to compensate for factors which may reduce yield. High insect 

pressure, excessively high temperatures, or management mistakes can 

cause greater yield reductions in a short season than they might in a 

long season. Although census data are not available, an average yield 

of 772 kg/ha was reported for late planted cotton for 1973 to 1978 

(Cannon 1975, Briggs, Buxton, and Patterson 1974, Buxton et al. 1973, 

University of Arizona Cooperative Extension Service and Agricultural 

Experiment Station 1974, 1975, 1977, 1978). On the other hand, a grow

er planting late in the season has a good idea of what cotton prices 

will be. By the time that small grains are harvested, most of the 

cotton planting decisions have already been made, thus the supply and 

price of cotton are better defined than when planting of full season 

cotton was in progress.



SUMMARY AND CONCLUSIONS 

Swathing Wheat and Barley

Simulated swathing of wheat and barley in this investigation 

advanced the harvest of grain 12 to 22 days (Table 13) with little or 

no reduction in grain yield (Table 1). Assuming that the yield poten

tial of double crop cotton declines by 56 kg/ha for each week that 

planting is delayed past mid-May (Taylor 1976), swathing increased 

cotton lint yields 96 to 176 kg/ha. At $1.29 per kilogram of lint, 

this would increase returns by $123.84 to $227.04 per hectare (Table 

13). Thus in the example studied, swathing could have increased net 

farm income $106.55 to $209.75 per hectare (Table 13).

Although kernel moisture loss in small grains follows a typi

cal sigmoid curve, a linear regression line was selected to demonstrate 

the additive effect of time on moisture loss. The objective of this 

analysis was to estimate the number of days between the time that the 

grain reached maximum dry matter accumulation and the time that the 

grain reached 12% K.M.C. Further research may show that there are 

better methods of characterizing the loss of kernel moisture from small 
grains.

Estimates of time saved by swathing are made with the assump

tion that combines would be available for threshing as soon as the 

grain is ready. Many Arizona growers who tend to specialize in pro

ducing cotton do not own combines and rely on custom operators to 

thresh their grain.

55
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Table 13. Potential time saved and the profitability of swathing 

wheat and barley at the Mesa Experiment Station and at 
the Cotton Research Center during 1977.

Variety/Location 
of Grain

Time Saved 
by

Swathing 
(days) .

Additional

Yield!/ 
(kg/ha)...

Additional 
Revenue!.' 
(per ha)

Cost
of

Swathing 
. (per ha)!/

Increase 
in Farm 
Income 
. (per ha)

Cajeme 71 Wheat - 
Mesa

16 128 $182.05 $17.29 $164.76

Produra durum wheat- 19 
Mesa

152 216.18 17.29 198.89

Arivat barley - 
Mesa

12 96 136.54 - 17.29 119.25

A 1970-1 barley - 
Mesa

17 136 193.42 17.29 176.13

Arivat barley - 
CRC

16 128 182.05 17.29 164.76

A 1970-1 barley - 
CRC

22 176 250.31 17.29 233.02

Average 17 136 193.42 17.29 176.13

i/
Assuming a decline in lint yield of 56 kg/ha for each week that 
planting is delayed past mid-May (Taylor 1976).

n
Using the 1977 Season Average Prices from Arizona Crop and Livestock 
Reporting Service (1978). A seed/lint ratio of 1.6 kg seed per 1.0 kg 
lint was used to estimate cottonseed yield.

Hathorn and Farr 1977.
3/
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It has been the observation of the author that the services of 

custom operators are readily available in Arizona when the K.M.C. of 

the grain standing in the field is greater than 12%. But when grain is 

ready to thresh, the custom operators are suddenly faced with a 2 to 6 

week backlog of threshing. Thus, having swathed grain ready to combine 

2 to 3 weeks ahead.of peak combine demand can result in a time savings 

that is much greater than 2 weeks. This was the case at Casa Grande in 

1976, the grain had been ripe for to 2 weeks before a combine 

actually entered the field.

Yield and Earliness of Late Planted Cotton 

Improved spatial arrangements of plants in the field resulted 

in significant yield increases in 1976 and for the combined years of 

1976 and 1977. Plant populations had no significant effects on yield. 

Even though double row outyielded single row plantings by 19% in 1977, 

the difference was not significant. This was probably due to the heavy 

insect damage. It is seldom possible to measure significant yield 

differences in the range of 10 to 20% when the coefficient of varia

tion is 44%. A highly significant increase in flower production was 

measured in double rows and 22.4 kg/ha plantings in 1977, yet there 

were no significant differences in fruiting form retention rates or 

boll sizes that could have offset the increased potential yield. Al

though insect damage was observed, counts were not made. The damage 

probably was high enough to mask yield differences due to treatments.

In addition to insect damage, the excessive application of irrigation
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water at the Cotton Research Center tended to encourage vegetative 

growth at the expense of reproductive growth. Lint yields in 1977 were 

low and not economically sufficient.

Although not significant, the double row 22.4 kg/ha planting 

rate produced lint at a faster rate during the early part of the 1977 

season than all other treatments. Once a full canopy was attained, 

lint production was similar in all treatments.

Economic Evaluation of Double 
Cropping Alternatives

Late cotton is the most profitable cropping alternative studied 

for planting after small grain harvest. This alternative also requires 

a greater outlay in variable costs and therefore, the risk is greater. 

In making a decision, a grower should assess available price contracts, 

farm resources, and expected yield of short season cotton.
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