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ABSTRACT 

Experiments were conducted at Marana, Arizona during 2 years to 

evaluate cotton (Gossypium hirsutum L.) development under three popula-

? 
tion levels of 7.4, 14.8 and 22.2 plants/m in narrow-row culture. . 

Samples for dry weights, morphological characters and total available 

carbohydrate (TAC) analysis were collected at approximately 2-week in

tervals to determine whether reduction in plant size, high rate of boll 

shedding and decline in yield per plant with increases in plant popula

tion in narrow-row culture are related to internal carbohydrate defi

ciency of plants. 

In a separate study at Tucson, Arizona TAC levels along plant 

axes were determined in six stem segments, two root segments and four 

leaf samples from the top four segments of the stem. 

Population effects on plant development were minor at early 

periods of growth. Differences among populations were evident at later 

growth periods because of increased competition among plants. Dry 

weight per plant, number of plant parts and main-stem nodes, plant 

height and yield per plant were significantly reduced by high population 

densities. 

Dry weight and number of plant parts per unit ground area, how

ever, increased with high population levels. Lint yields were similar 

for the three populations. 

TAC levels were similar when expressed on a plant tissue basis 

but when expressed on a plant organ basis, large differences among 
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populations were apparent. A similar response was evident on a dry 

weight per plant basis. TAC status of a plant as affected by plant com

petition is, therefore, a function of organ size rather than concentra

tion of TAC in the tissue. This indicates that carbohydrate status of 

plants is modified by plant populations through their effect on plant 

size. 

TAC levels of bolls reached a maximum of 15 days after anthesis 

and progressively declined until the 40th day which was the last day 

measured. 

The TAC level of plant parts showed a cyclic pattern with low 

levels during mid-season because of depletion by developing fruiting 

forms or rank vegetative growth. Rank vegetative growth successfully 

competed with fruiting forms for the available carbohydrates resulting 

in depressed yield. High TAC levels in stems and roots near the end of 

the season was probably a result of photosynthate reserve accumulation. 

TAC levels along stem axes was lowest near the central part of 

the plant where a large number of bolls were developing. High levels 

at the top of stem axes resulted from high photosynthetic activity of 

leaves in this region and minimal depletion of the developing boll sink. 

Increased levels at the stem bases and tap roots resulted from accumu

lation of carbohydrate reserves. 

Photosynthates are not readily translocated from the top to the 

central part of the stem to meet the high demand of developing bolls. 

Attempts should be made to alter the plant canopy to allow more solar 

penetration to leaves near developing bolls to increase their assimila

tion rate. 



INTRODUCTION 

The world population explosion, the predicted food shortages and 

the decline in crop yields in some locations because of adverse weather 

have put great pressure on scientists to find ways of increasing yield 

per unit land of existing agricultural areas. 

The first "Green Revolution" of the past decade contributed 

considerably toward increasing productivity of some food crops through 

genetic alteration of plant stature and the plants response to high 

rates of fertilizer. In addition environments related to crop produc

tivity has been changed by providing plants with more favorable soil 

moisture, temperature, carbon dioxide, solar radiation interception 

and available nutrients. 

The world is in desperate need of expansion of the "Green Revo

lution" in both food and fiber production. The total plant dry weight 

is 5 to 10% minerals and nitrogen and 90 to 95% products of carbon di

oxide assimilation. Hence, the next large increases in productivity 

will likely come from manipulation of factors that affect the process 

of photosynthesis and utilization of photosynthates during crop growth. 

A voluminous amount of work has been dedicated to understanding the pro

cess of Q^-assimilation. The mechanism has been clearly outlined, and 

many factors affecting it have been enumerated. However, a crucial part 

of productivity still remains largely a hidden mystery. Carbohydrate 

partitioning and the ability of modern technology to direct 
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photosynthates in favor of economic yield may achieve dramatic increases 

in productivity. 

With the danger of food shortages and famines, fiber crops have 

received little attention. Fiber, especially cotton (Gossypium spe

cies) , is an important plant product for human use and accordingly is 

likely to receive greater attention. The recent energy crisis has 

greatly raised the price of synthetic fibers and, no doubt, will have a 

bearing on cotton consumption in the future. During the past 10 years 

conventional breeding programs have not achieved spectacular results and 

new breakthroughs in plant breeding techniques are needed. Breeders 

may have to look for variability in germ plasm using biochemical tech

niques to detect desirable genes. 

Narrow-row, high-population culture is a practice recently ad

vocated for cotton production, especially in the western cotton belt of 

the United States. It has the advantage of increasing leaf area and 

solar radiation interception early in the season. The practice has 

shown merit in shortening the growing season, economizing in cost of 

production and evading some insect damage late in the season. The pre

dicted yield increases, however, have been inconsistent although total 

dry matter per unit ground area has been greatly increased with this 

culture system. 

Boll shedding in cotton is common in all cotton producing areas 

and has been of much concern to cotton growers. Boll shedding is even 

more serious with this new cultural practice. Exogenous factors that 

cause boll shedding have been extensively studied, but many endogenous 

physiological factors still remain to be clarified. The nutritional 
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balance theory is among the oldest and most popular theories of boll 

shedding. However, the manner in which carbohydrates are partitioned 

among developing plant organs in relation to the amount directed to 

fruiting forms, could be a key factor in regulation of boll shedding. 

This study was initiated to examine some of these factors. The 

objectives are to investigate the growth behavior of Upland cotton 

(Gossypium hirsutum L.) as influenced by plant competition. Dry matter 

production and total available carbohydrates (TAC) of the plant parts 

will be evaluated to determine whether internal carbohydrate deficiency 

of plants is a likely cause of boll shedding. If this is found to be 

true, efforts can be directed towards breeding cultivars, manipulating 

agronomic practices, use of growth regulators or a combination of these 

to partition more photosynthates to the developing fruiting forms. 



REVIEW OF LITERATURE 

Plants grown under crowded conditions usually experience varying 

degrees of competition, depending on the plant density levels. This is 

reflected by a relative diminution of all plant parts. Several factors, 

directly or indirectly, contribute to competition effects. Among the 

most prominant factors are available soil moisture, available nutrients, 

and solar radiation. The former two factors can easily be regulated and 

rendered in quantities sufficient to offset a greater part of their con

tribution to competition effects. The latter factor seems to be crucial 

and not easily manipulated to yield positive results. 

Narrow-row, high-population culture is a practice that attempts 

to increase solar energy utilization by cotton plants, especially early 

in the season. It implies planting cotton in rows closer than the 

conventional system, 90 to 100 cm, with varying plant densities. As a 

result of plant competition, this system can greatly alter the morpho

logical characters and nutritional balance of the cotton plant. Under 

separate subtitles the characteristics of this new practice will be 

reviewed. 

Plant Characteristics in Narrow-row, 
High-population Cotton Culture 

Morphological Characters 

Near the turn of the century, Cook (1913) observed that closely 

spaced cotton had shorter fruiting branches and suppressed vegetative 
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branches with a predominant main stalk. He found that closely spaced 

plants tended to mature earlier and yield higher on a unit ground area 

basis than comparable widely spaced plants. Stansel (1927) found that 

as the distance between cotton plants increased there was a gradual in

crease in, stalk diameter, number of nodes, plant height, and number and 

length of vegetative and fruiting branches. With closely spaced plants 

he reported increased bloom production per unit ground area but a 

greater amount of shedding of these blooms. This was contrary to a re

port by Christidis and Harrison (1955) who showed, that boll shedding 

increased from 64 to 69 to 75% as plant spacing within the row was in

creased from 10 to 20 to 30 cm, respectively. 

Recently several researchers have confirmed the pioneering find 

ings of Cook (1913) and Stansel (1927) and further elaborated on the 

subject of competition. In these studies, high plant population was 

associated with a reduction in the total number of nodes and plant 

height (Johnson 1969; Kirk, Brashears and Hudspeth 1969; Douglas and 

Andries 1970; Briggs 1971; Ray and Fowler 1971; Buxton, Briggs and Pat

terson 1973). Dense populations also reduced the number of fruiting 

branches which was reflected by fewer fruiting branches at lower nodes 

(Brashears, Kirk and Hudspeth 1968; Johnson 1969; Ray and Fowler 1971). 

Higher populations also exerted a greater effect on fruiting than vege

tative branches (Peacock, Reid and Hawkins 1971; Ray and Fowler 1971; 

Guinn 1972a). Ray and Fowler (1973) advocated the use of fruiting to 

vegetative ratio as a tool for determining which cotton cultivars are 

adapted to high population culture. They found that cultivar 'C.A. 491 
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with smaller leaves had a higher fruiting to vegetative ratio at higher 

populations than 'Paymaster 101A'. 

High populations have reduced the number of main stem leaves 

because of mutual shading (Ray and Fowler 1971), the central stem diame

ter and individual plant part size (Kirk et al. 1969). Johnson (1969), 

Johnson and Walhood (1970) and Ray and Fowler (1971) reported an in

crease in leaf area index with high populations and that maximum LAI was 

attained earlier in the season than with low populations. 

Earliness 

A close relationship between earliness and high plant densities 

has been reported by many workers. Close spacing seems to stimulate 

plants to produce a greater percentage of fruiting branches directly 

from the main stem so that boll development is rapid and maturity is 

earlier (Christidis and Harrison 1955). Ludwig (1931) reported a 

greater number of flowers produced per unit ground area early in the 

season from thick planting than thin planting. Peebles, Den Hartog and 

Pressley (1956) working with American-Egyptian cotton (Gossypium 

barbadense L.), reported 15% greater earliness for a 15-cm within row 

spacing than for a 30- and 40-cm spacing. With Upland cotton, a 5- and 

10-cm spacing greatly retarded crop maturity while there was little 

variation from the 15 to 40 cm spacing. Johnson and Walhood (1970) and 

Briggs (1971) related earliness of crop maturity to early attainment of 

maximum LAI with high plant densities when temperature and solar radia

tion intensity are more favorable for plant growth. 
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Boll Characteristics, Dry Matter Accumulation, 
Yield and Quality 

Kirk et al. C1969), using a range of row widths from 13 to 100 

cm and plant spacings within rows from 3 to 24 cm, reported an increase 

in boll size as spacing between plants increased. Stansel (1927), 

Christidis and Harrison (1955), Ray and Fowler (1971) and Buxton, Briggs 

and Patterson (1972) also found a significant decrease in boll size with 

close spacing. Plant density also affects the number of locks per boll. 

Leding and Lytton (1933) found a reduction in the percentage of 5-lock 

bolls with close spacing. 

Close spacing also tends to decrease relative fruitfulness of 

each plant by limiting reproductive development more than vegetative 

development (Johnson 1969). Increasing plant population usually in

creases boll shedding and the number of barren plants and decreases the 

number of bolls per plant (Burhan 1964; Johnson 1969; Peacock et al. 

1971; Ray and Fowler 1971; Guinn 1972a; Buxton et al. 1973). Guinn 

(1972a) suggested that increased boll shedding could result in part from 

restriction of root growth by close spacing where lower leaves that 

supply photosynthates to the root are heavily shaded. A further addi

tive effect was that ethylene usually accumulated in close spaced plants 

and Guinn postulated that this might promote shedding. 

Most workers have agreed with the conclusion that dry weight per 

plant is decreased by narrow-row or high-population culture but increased 

when expressed on a ground area basis (Peebles et al. 1956; Johnson 

1969; Kirk et al. 1969; Ray and Fowler 1971). Ray and Fowler (1971) 

noted that the relationship of dry matter accumulation between low and 
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high densities was linear at the early stages of growth indicating that 

competition was not operative during this segment of the growth period. 

They also observed a decrease in net assimilation rate (NAR) with the 

high population for cultivar C.A. 491. This decrease, however, was off

set by greater leaf area which more than compensated for the low NAR as 

reflected in a greater crop growth rate at the high population. 

High population in narrow row culture has the potential to out-

yield the low population. However, yield data are inconsistent. Ray 

and Fowler (1971) reported lint yields of 1316, 1646 and 1390 kg/ha. for 

38,800, 154,870, and 619,723 plants/ha., respectively for cultivar C.A. 

491. Johnson and Walhood (1970) conducted a trial with 'Acala 4-42' 

which yielded 1007, 1004 and 1083 kg/ha. for populations of 75,830, 

139,308 and 214,643 plants/ha., respectively. Briggs (1971) reported 

yields of 3167, 3043 and 3071 kg seed-cotton/ha. with 'Deltapine 16' 

grown at populations of 74,130, 148,260 and 197,680 plants/ha., re

spectively. The use of conventional cultivars because of the lack of 

cultivars adapted to this new system appears to be the reason for 

similar yields. 

Buxton et al. (1973) conducted a trial during a 3-year period 

to compare the yield of Deltapine 16 planted either one row or two 

rows/bed on beds 75- to 100-cm apart. The spacing between rows on a bed 

when two rows per bed were planted was 15 cm for 75-cm beds and 30 to 35 

cm for 100-cm beds. Their results showed that two rows/bed on either 

75- or 100-cm beds significantly out-yielded one row/bed. The relative 

advantage of two rows/bed was greater for the 100-cm beds than the 75-cm 

beds. The two rows/bed culture developed an earlier fruiting cycle than 
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the one row/bed culture. Briggs, Buxton and Patterson (1974) also re

ported similar results when they compared one row and two rows/bed. 

They found an average of 8% increase in lint yield with two rows/bed 

over one row/bed for a 3-year period. 

Most workers have reported insignificant effects of high popula

tion densities on fiber properties, while a few have reported minor ef

fects on some fiber parameters. Christidis and Harrison (1955) 

summarized the results of lint percentage studies as affected by spacing 

conducted for 25 years in Greece. Only in a few years were significant 

differences among plant densities observed. They also noted that lint 

length, fiber uniformity, maturity, and weight/fiber were generally not 

affected by spacing. Peebles et al. (1956) found no relation between 

lint percent and spacing in Upland cotton, but in American-Egyptian 

cotton they reported a decline in lint percent and lint index as spacing 

between plants were increased. Fiber strength, however, was lower for 

both close spaced Upland and American Egyptian cotton with the greater 

effect in the former. Fineness was affected differently by close spac

ing in the two types of cotton. In Upland cotton, close spacing tended 

to result in a slightly coarser fiber while in American-Egyptian 

cotton a spacing of 5-cm apart yielded finer quality fiber than wider 

spacing. Burhan (1964) concluded that large differences in plant den

sities showed minor effects on fiber length, strength and fineness of 

Upland cotton. Kirk et al. (1969), Douglas and Andries (1970), and 

Briggs (1971) reported a reduction in fiber strength and micronaire 

value with Upland cotton planted at high populations. Buxton et al. 

(1972) showed an insignificant effect of high plant populations with 
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Deltapine 16 on fiber fineness, fiber strength, lint index, seed index 

and percent lint. 

Objectives and Economics 

The principal objective of growing cotton in narrow-row, high-

population culture is greater utilization of solar energy. Maximum LAI 

is higher and the leaf canopy forms complete cover earlier in the season 

than conventionally planted cotton with more radiation trapped by the 

leaves and less lost to the ground (Johnson 1969; Johnson and Walhood 

1970). Thus the period of canopy closure is lengthened resulting in 

greater total solar radiation interception by the crop which should lead 

to increased productivity, tore important is that this extension of 

canopy closure comes during the first part of the growing season, giving 

earlier crop development and permitting fiber to develop at more favorable 

temperatures (Johnson and Walhood 1970). Earlier crop maturity reduces 

the cost of production by saving on the number of irrigations and in

secticide applications (Briggs 1971; Taylor 1971). Taylor assessed the 

economics of narrow-row, high-population cotton culture. He found that 

by shortening the fruiting period of 8 to 9 weeks in case of convention

al planting to 3 to 4 weeks in case of the new practice, one to three 

irrigations and seven insecticide applications can be saved. Furthermore 

the longer host-free period, because the crop is removed earlier, may 

help control the pink bollworm (Pectinophora gossypiella Saunders) in 

the future. 
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Boll Shedding 

Boll shedding is a common phenomenon in all cotton producing 

areas. It is tolerated when it does not exceed reasonable limits. In 

Upland cotton, Johnson and Addicott (1967) reported that 30 to 40% of 

flowers normally shed as young bolls, while Dunlap (1945) regarded 20 to 

501 shedding of immature cotton bolls as normal. When shedding exceeds 

these limits it becomes of much concern to growers. Extensive studies 

have, therefore, been conducted to pinpoint factors that promote fruit

ing form shedding. 

Stress from soil moisture deficiency (Hawkins, Matlock and 

Hobart 1933), excessive high temperatures (Dunlap 1945) and nutrient 

deficiency (Addicott 1968) are among the extraneous factors that pro

mote shedding. The internal physiological factor or factors still re

main largely undetermined. Many theories have been presented, but none 

have been satisfactory to all concerned. The majority of workers, how

ever, seem to agree that carbohydrate level of plants is a key factor in 

regulating shedding. Dunlap (1945) reported a 75% reduction in number 

of mature bolls when he subjected 2-month old cotton plants to a low 

illumination of 50 foot candles for 4 days. The reduction in number of 

bolls was interpreted as resulting from low carbohydrate levels because 

of a lowered photosynthetic rate. In another study Dunlap (1945) 

showed that shading of plants and excessive clouds promoted shedding of 

cotton fruits. Goodman (1955) obtained similar results with both Upland 

and Egyptian cotton in the Sudan. He showed that early maturing culti-

vars were most affected. 



After removing all previously set bolls in Pima and Acala cotton 

in July, Eaton (1931) found great stimulation in growth and flowering. 

Within 10 days the treated plants carried more fruits than the check 

plants. Under low irradiation conditions, Eaton and Rigler (1945) re

ported excessive floral bud shedding. They found that in previously 

debudded plants, shedding of fruiting forms was negligible under either 

low or high illumination. Higher carbohydrate levels were found in the 

debudded plants than in control plants and also in plants grown under 

high illumination than plants grown under low illumination. Guinn 

(1974) found that when the atmospheric CC^ level was increased from 350 

to 1,000 yg/1, shedding was remarkedly reduced as a result of increased 

carbon assimilation levels which was depicted by high glucose and fruc

tose contents in leaves. Similar effects were found when the daily 

photoperiod was increased from 8 to 14 hours. Conversely, increased 

respiration as a result of increasing the night temperature and de

creasing illumination delayed fruiting and greatly enhanced shedding. 

Guinn cautioned that low irradiance, cloudy weather, rank growth or 

their combination could seriously affect shedding in high-population 

culture. 

All of the aforementioned work support the pioneering work of 

Mason (1922) and his classical theory, the nutritional balance of shed

ding. Mason removed leaves from plants carrying mature and young bolls. 

He found that 96% of the young bolls were shed within 9 days. From 

this work he stated his theory which in short states that cotton plants 

retain only the number of bolls that they can support to maturity. In 
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other words, the theory establishes a close relationship between assimi

late production and the number of bolls that plants can retain. 

Simon (1961) did not doubt this relationship but added that 

there are additional reasons for shedding than just the level of carbo

hydrates. Eaton and Ergle (1953) also questioned the adequacy of sup

port for the nutritional balance theory. By using a stem girdling 

technique and spraying plants with sucrose and urea, they concluded that 

there was no difference in carbohydrate and nitrogen levels between 

plants that shed most of their bolls and those that retained most of 

their bolls. They stated that although the absolute number of bolls re

tained by cotton plants might be affected by the nutritional level of 

the plant, the percentage or relative number of bolls was not. In a 

later study, Eaton and Ergle (1957) provided support for this conclu

sion. They found that the number of developing bolls per plant tended to 

remain around 6 to 7 bolls per 100 g of fresh weight of leaves plus 

stems during the growing season. To maintain this constant ratio they 

suggested that developing bolls secrete an anti-auxin which causes shed

ding of young squares and bolls that could not be supported to maturity 

by the plant. This boll setting inhibitor was also postulated to be 

responsible for curtailing vegetative growth after boll setting was at a 

high level. They suggested that when the first flush of bolls ap

proached maturity, suppression or dominance was alleviated and the plant 

could renew growth and set a new flush of bolls. The authors concluded 

that the balance between auxin produced by the leaves and anti-auxin 

produced by the developing bolls interact in the fruiting branches to 
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regulate the fruiting load of the cotton plant. This relationship is 

now generally known as the hormone balance theory of shedding. 

Addicott and Lynch (1955) supported the nutritional balance 

theory because they concluded that it gives an adequate explanation of 

cotton fruit abscission. Nutrition usually affects many factors, such 

as auxin level, and translocation. Johnson (1966) designed an experi

ment to test the nutritional balance theory in cotton. His treatments 

consisted of spraying with gibberrellic acid, alternate removal of 

flowers, and removal of alternate leaves to reduce leaf area. He con

cluded that GA was ineffective in controlling shedding and that the 

effective leaf area was the primary limiting factor in controlling boll 

shedding which supported the nutritional balance theory. 

Assimilate Demand By Sink and Assimilate Distribution 

Wardlaw (1968) and Biddulph (1969) in reviewing this vital 

physiological aspect of crop production stated that the amount of assim

ilate produced by a leaf depends upon its potential photosynthetic rate 

and rate of loading assimilate into the conducting tissue. On the other 

hand, distribution of assimilate to different organs of the plant de

pends upon unloading of the conducting tissue. The more efficient an 

organ is in unloading, the greater is the osmotic gradient between 

"source" and "sink" and hence the greater is the withdrawal of assimi

late. Assimilates are not equally distributed to the different plant 

organs. The magnitude of supply depends mainly upon the efficiency of 

an organ in utilizing available metabolites. Wardlaw (1968) reported 

that a change in the growth phase of a plant brings about marked changes 
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in the pattern of assimilate distribution. Such developmental changes 

as from vegetative to reproductive influence both the intensity and 

direction of demand to the leaf. 

The general pattern of assimilate distribution as outlined by 

Biddulph and Cory (1965), Biddulph (1969) and Wardlaw (1968) is that 

lower leaves act as the main source of assimilates for roots, upper 

leaves perform this function for the shoot apex and the intermediate 

leaves may supply assimilates in either or both directions. 

The apical bud in most plants has an influencial effect on 

utilization of assimilates by lateral buds. It secretes growth hor

mones which restrict lateral bud development and diverts assimilates 

to the apical bud (Evans 1964 and Wardlaw 1968). Under conditions of 

assimilate deficiency, Nelson (1963) reported that established shoots 

appeared to have priority over roots and bud growth and that the 

latter two received only material in excess of the requirement of the 

former. Experiments with grape (Vitis vinifera L.) (Hale and Weather 

1962) and soybean (Glycine max L.) (Wardlaw 1968) revealed that flowers 

were weak sinks while developing fruits were strong sinks. In cotton 

Eaton and Ergle (1957) reported that developing bolls exerted dominance 

over vegetative development by inhibiting new boll setting and terminal 

bud and branch development. In translocation studies using radioactive 

carbon, Joy (1964) with sugar beet (Beta vulgaris L.) and Kocher and 

Leonard (1971) with beans (Phaseolus vulgaris L.) reported that young 

leaves usually act as sinks and import photosynthates from older leaves. 

They become net exporters of assimilates only after they approach full 

expansion. 
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The relationship between source and sink has been developed in 

simple terms by Warren-Wilson (1972) as: 

a. Source strength = Source size x Source activity 

or photosynthetic rate/plant = LA/plant x photosynthetic rate/ 
unit LA 

b. Sink strength = Sink size x Sink activity 

or absolute growth rate = Dry weight x relative growth rate 

The factors contributing to these two equations are inter

related and manipulating one usually brings marked changes in the 

source-sink relationship. Environmental factors play an important role 

in this relationship either by directly affecting assimilate production 

or indirectly by modifying plant growth and its metabolic activity 

(Wardlaw 1968). 

With a shift in temperature, there is often a marked change in 

the pattern of plant development, mainly through alteration of the 

growth rate of developing organs (Evans 1964; Wardlaw 1968). At low 

temperature soluble carbohydrates accumulate suggesting that growth 

rates are affected more by temperature than photosynthetic rates. Low 

temperature affects assimilate distribution mainly through its effect 

on the metabolic activity of organs with greatest demand. Evans (1964) 

suggested that at low temperatures the photosynthetic rate is not af

fected while at high temperatures it is reduced because of inadequate 

supply of carbon dioxide. 

Nelson (1963) stated that although assimilate distribution is 

partly influenced by the intensity of sink demand, it is largely af

fected by the rate of its production during the process of 
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photosynthesis. Photosynthetic rate is in turn dependent upon irradia

tion intensity, quality and duration. Nelson showed that a reduction 

in irradiation intensity had a greater inhibitory effect on root and bud 

growth than on shoot growth. Wardlaw (1968) found that mutual shading 

in closely planted wheat resulted in an increased proportion of assimi

late moving to the ear from the lower leaves on the culm. 

Iljin (1957) studied the effect of water stress on photosynthe

sis and terminal growth. He reported that terminal growth commonly 

showed an early response to water stress, while photosynthesis and accu

mulation of assimilates continued for sometime before they were affected. 

Carbohydrate Studies in Selected Plant Species 

Habeshaw (1973) subjected sugar beet leaf discs to varying ir

radiation intensities for different periods to study the relation be

tween root size and photosynthetic rate. Sugar beets are unable to 

synthesize starch in large quantities in their chloroplasts. The results 

of the study indicated that leaves containing high levels of carbohy

drates at the start of the experiment experienced retardation in photo

synthetic rates while those with low initial levels of carbohydrates 

showed higher photosynthetic rates. This was interpreted as occurring 

because of product inhibition of photosynthesis. The enhanced photosyn

thetic rate observed in large-rooted beets was, therefore, probably a 

result of efficient removal of leaf photosynthates by a strong sink and 

the prevention of a product feedback inhibition. 

Incorporation of in timothy plants (Phleum pratense L.) at 

different stages of growth was studied by Balasko and Smith (1973). The 
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stages of growth studied were initiation of stem elongation, ear emer

gence, and anthesis. At initiation of stem elongation, roots and leaves 

contained the highest "^C specific activity, thus, acting as major 

sinks. At this stage of growth, root extension and top growth are oc

curring and cutting or grazing will severely curtail their development. 

At ear emergence, stems and inflorescences were the strongest sinks and 

at anthesis, stems and roots contained 73% of the total plant "^C. In

corporation of 14C into the fructosan fraction in the stem bases was 

limited during stem elongation, whereas at ear emergence and anthesis, 

labeled fructosan was more abundant. By the time of anthesis most of 

the meristems of main shoots had matured, main root extension was com

pleted, and carbohydrate reserves accumulated to high levels. Grazing 

or cutting at the anthesis stage is, therefore, not serious and regrowth 

is fast. 

Changes in growth rate and carbohydrate reserves of birdsfoot 

trefoil (Lotus corniculatus L.) and alfalfa (Medicago sativa L.) were 

compared in a study conducted by Nelson and Smith (1968). They showed 

a higher growth rate for alfalfa was a result of a higher LAI and net 

assimilation rate than for birdsfoot trefoil. Alfalfa had larger roots 

which continued to grow during the season while birdsfoot trefoil roots 

showed little increase. Comparison of percent total available carbohy

drate revealed a lower level in birdsfoot trefoil. The difference be

tween the two species when the total weight of available carbohydrate 

was expressed on a root-weight basis was even greater than the percent 

difference. This indicates the variation in size and growth of the roots 

of the two species. Both showed a cyclic pattern of decreasing in 



percentage in the spring and after cutting and increasing with the 

approach of flowering. 

The gradual change in carbohydrate content from the top of the 

plant to the base has been investigated in bromegrass (Bromus inermis 

Leyss.) and timothy (Phleum pratense L.) by Smith (1967). He found that 

the percentages of total free sugars, fructosans and total water-

soluble carbohydrates in bromegrass at anthesis decreased from the top 

to the bottom leaf blade, sheath, and internodes. In timothy no clear 

gradient from one leaf blade or sheath to the next was evident, but the 

percentage of water-soluble carbohydrates and fructosans did decrease 

from the top to the bottom internode. Changes in carbohydrate levels 

down the tap root of alfalfa were studied by Escalada and Smith (1972). 

They divided the tap root of alfalfa (30-cm long) into six equal seg

ments and assessed the carbohydrate levels of each segment. The 

weight of carbohydrate fractions in segments gave a clearer picture of 

changes down the tap root and with time than the concentrations (per

centages) . The content of total sugars, starch, reducing sugars, and 

non-reducing sugars generally decreased down the root at all sampling 

dates. About 38% of the total nonstructural carbohydrate content of the 

root was located in the top segment and 23, 16, 10, 6 and 7% came from 

segments 2, 3, 4, 5 and 6 respectively. Starch accounted for 88% of the 

total nonstructural carbohydrate content accumulated and 12% was total 

sugars. 

Mason and Maskell (1928) studied the vertical gradient of car

bohydrates in stems and leaves of cotton plants. Stems were sectioned 

into five regions each containing three complete internodes. The leaves 
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sampled from these regions were taken from fruiting branches. Results 

indicated a gradient in the concentration of total sugars in the phloem. 

The concentration fell from 6% at the top of the plants to 4% in the 

lowest region. There were also well marked gradients in the leaves and 

the xylem following the same trend, being highest in the top segment and 

lowest in the bottom segment. Sucrose also showed a marked gradient in 

the phloem decreasing from the top to the bottom, while in the xylem the 

concentration gradient was in the reverse direction. The leaf sucrose 

trend was irregular; the proportion increased towards the middle region 

both from the top and base of the plant. 

Carbohydrate Studies in Cotton 

Guinn and Hunter (1968) studied the effects of various root 

temperatures on carbohydrate status of leaves, hypocotyl and roots of 

young cotton plants when the tops remained warm. Low root temperatures 

greatly increased the sugar content of all plant parts. Hypocotyls con

tained the most glucose, fructose and total sugars. The roots showed 

the lowest concentrations of glucose and fructose. This treatment also 

increased starch content of leaves, epicotyls and hypocotyls. Very low 

root temperature of 10 C caused wilting and very low starch content of 

the leaves. 

Eaton and Joham (1944) investigated reasons for the depression 

of mineral uptake by cotton roots with the setting of a large number of 

bolls. They compared the sugar concentration and bromine uptake by the 

roots of fruited and defruited cotton plants. Their results showed a 

three-fold increase in sugar concentration and a 60% increase in bromine 
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uptake by the roots of defruited over the fruited plants. Much of the 

decline in mineral uptake with heavy fruiting can, therefore, be at

tributed to reduced movement of carbohydrate to roots. Moreover, the 

reduction in vegetative expansion during heavy fruiting can also be 

attributed to depletion of carbohydrates by developing bolls and re

duced mineral uptake by roots. 

Conner, Kreig and Gipson (1972) subjected the cotton cultivar 

'Dunn 56C' to four different temperature regimes, 10, 15, 20 and 25 C, 

during the boll developmental phase. Differences in sugar concentration 

during the first 15 days after anthesis were significantly influenced 

by temperature. The 25-C treated bolls reflected the highest level of 

soluble sugars while the 10-C treated bolls showed the lowest level. 

After 15 days, the trend was reversed. During the early stages of boll 

development, sugar concentration increased with time at all tempera

tures, although most rapidly at the high temperatures. Time-temperature 

relationship was clearly depicted by differences in rate of sugar accu

mulation. The 10-C treated bolls attained maximum sugar concentration 

at 25 days of age, while at 15, 20 and 25 C, the maximum was reached by 

20, 15 and 10 days of age, respectively. An increase of 5 C in night 

temperature, starting from 10 C as a base, reduced the time required 

to reach peak soluble sugar levels by 5 days. Once the peak was reached 

the sugar concentrations started to decline immediately, most rapidly 

at the highest temperature. The decline could be due to the transforma

tion of soluble sugars into precursors for cellulose synthesis and the 

rate of transformation was probably greatest at the high temperatures. 



22 

This is in agreement with the work of Hessler, Lane and Young 

(1959) who found a close relationship between the cellulose:reducing 

sugars ratio and suboptijnal temperatures. During the boll developmen

tal period, low temperatures reduced cellulose synthesis but increased 

sugar accumulation in the boll. High temperatures during boll develop

ment reversed this ratio by increasing cellulose synthesis and depleting 

sugar content. 

Assimilate distribution into developing bolls of three cotton 

cultivars, 'Acala SJ-1', 'Stoneville 213' and 'Paymaster III', using a 

radioactive carbon incorporation technique was studied by Benedict, 

Smith and Kohl (1973). In Paymaster III maximum incorporation occurred 

in bolls 8 to 10 days old and then steadily declined up to 30 days after 

anthesis. Fiber elongation was completed 25 to 30 days after anthesis. 

Fiber dry weight showed a lag after anthesis of 10 to 12 days before 

starting to increase and was at a maximum 40 to 45 days after anthesis, 

while fiber elongation did not show the initial lag. Incorporation of 

"^C-photosynthate into the developing fiber showed a lag of 10 days and 

most rapid incorporation occurred at 23 to 40 days after anthesis. This 

coincided with the phase of rapid increase in fiber dry weight. The 

other two cultivars showed similar trends as Paymaster III. 

Ashley (1972) studied the photosynthetic contribution to fruit 

14 
development in cotton cultivar 'Atlas 67' using a CC^ incorporation 

technique. The study was conducted at the time of heavy fruiting load 

when demand for carbohydrate was high. Certain plant organs and dif

ferent leaf positions were selected as recipients of in each 

plant. Results showed that about 90% of the incorporated 
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^C-photosynthate remained in the sympodia, irrespective of its location 

and the position of the treated organ in the sympodia. The primary 

source of photosynthate for a boll was its subtending leaf with some 

supplied from associated bracts and leaves one node away. When termi

nals were treated, about 80% of the label was retained by them indicat

ing that apical regions also acted as sinks. More photosynthate export 

was evident from the main stem leaves than from sympodia leaves. 

The qualitative study of Brown (1968), using a "^CC^ tracer 

technique and monitoring translocation by autoradiographs, agreed with 

Ashley's (1972) findings. The tracing showed that the label moved into 

all developing bolls in a sympodia from all mature leaves of the sympo

dia and the main stem leaf subtending the sympodia. 

Muramoto, Hesketh and Elmore (1967) compared the rate of CO^-

fixation by different aged leaves of 'Deltapine Smooth Leaf.' The young 

fully expanded leaves showed the highest rate of CC>2 fixation, (about 

2 50 mg CC^/dm /hr) and then steadily declined as age progressed until by 

2 the 45th day the rate dropped as low as 10 mg CC^/dm hr. They suggested 

that the leaf ceased to function as a photosynthetic organ after 35 days 

of age. The low CO^-fixing capacity of older leaves, therefore, might 

severely limit the availability of assimilate to maturing bolls. But 

Morris (1964) showed that maturing bolls received photosynthate for 

growth from associated bracts and the capsular wall during the period of 

rapid decline in CC^ fixation of senescing leaves. Elmore (1973) sub

jected a 20-day old cotton fruit with bracts and its subtending leaf to 

radioactive CC^. The bracts CC^ uptake was found to be 28% as efficient 

as the leaf on a unit weight basis and 20% on an area basis while the 



capsule wall was less than 1% of the leaf. The specific activity of 

14C of seed and lint was three to four times greater in fruits with 

bracts than debracted ones indicating bracts assimilation and transloca

tion. The specific activity of "^C in the capsule wall increased rela

tive to the leaves and bracts showing that the capsule wall imported 

incorporated CC^ and acted as a sink. 



MATERIALS AND :METIIODS 

Field Site and Data Collection 

Data for this study were collected during the growing season of 

1971 and 1972, at The University of Arizona Agricultural Experbmental 

Farm at Marana. According to the comprehensive soil classification, the 

soil at the Marana Farm is classified as a fine silty, mixed, thermic 

family of Anthropic Torrifluvents (Pima clay loam). The previous crops 

in 1971 and 1972 were sorghum (Sorghum vulgare L.) and barley (Hordeum 

vulgare L.), respectively. The cotton (Gossypium hirsutum L.) cultivar 

Stoneville 213 was chosen for this study since cultivars adapted to 

narrow-row, high-population culture were not available. 

Land preparation and cultural operations were standard in all 

treatments rmless otherwise specified. A preplant irrigation was 

applied in each year. Weeds were controlled by using a preplanting ap

plication of 1.12 kg/ha of Karmex (Diuron) and 0.9 liter/ha of Treflan 

(Trifluralin). The seed were drilled on 100-cm beds in double rows 35 

em apart. 

Sowing dates were May 12, 1971 and April 11, 1972. The 1971 

trial was originally planted on April 13 but because of heavy rains the 

following morning accompanied by a drop in temperature, stand establish

ment was very poor. The test was, therefore, disked and replanted on 

May 12 with a postplant irrigation applied the following day. Nittogen 

was applied at the rate of 90 and 112 kg/ha in 1971 and 1972, respec

tively. The plants were hand thinned June 9, 1971 and May 26, 1972 to 

25 
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give the desired population levels of 7.4 plants/m (30,000 pl/A), 14.8 

plants/m"^ (60,000 pl/A) and 22.2 plants/m^ (90,000 pl/A). These popu

lation levels will be referred to as low, medium and high, respectively. 

The experimental design was a randomized complete block repli

cated four times. Plot size was four beds, 15 m long, divided into two 

parts; 6 m lint yield area and 9 m sampling area for harvesting of 

plants several times during each summer. The center two beds were used 

for all observations and data collection. A buffer area was maintained 

around all sampled and yield areas to minimize border effects. 

In 1972 there was a heavy infestation of thrips (Frankliniella 

ssp.) and black fleahoppers (Spanogonicus albofasciatus Reub.) during 

the seedling stage. As a result most of the seedlings lost their apices 

and considerable branching resulted during subsequent growth. Pink boll-

worm infestation was evident in both years. Control spraying at the 

Marana Farm was on economical basis when 10 to 15% of the bolls were 

infested. 

Heavy boll shedding impaired boll sampling during some sampling 

dates in both years. Plant growth was rank in 1972 which may have 

resulted from placement of the experiment at the lower end of the field 

where water and nitrogen applied in the irrigation water accumulated. 

The first sampling was on July 1, 1971 and June 19, 1972 and 

consecutive samples were taken at approximately 2-week intervals. At 

least 10 floral forms at anthesis were tagged weekly in all sampling 

areas starting with the first sampling date. Some flowers from the 

inner row of border beds adjacent to tfre sampling area were tagged if 

10 flowers were not available in the sampling areas. In 1972 ondy 
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three tagging dates were used per sampling date to give 7-, 14- and 21-

day old boll groups. This was decided on the basis of 1971 experience 

where bolls older than 21 days were hard to cut and difficult to grind 

with the available equipment. 

Two types of samples were harvested each date from the sampling 

areas. The first was used for morphological determinations and the 

second for carbohydrate analysis. For the morphological measurements, 

five plants were cut at ground level and brought to the laboratory for 

data measurements. Number of leaves, number of nodes on main stem, 

number of bolls, if present, and plant height were recorded before the 

plants were separated into different plant parts for dry weight deter

mination. The dry weights were comprised of stems plus branches, 

leaves plus petioles, bolls, and in certain cases bolls, flowers and 

squares were grouped together as fruiting forms. 

Samples for carbohydrate analysis were taken by uprooting two 

plants per sampling area. From each plant, five fully expanded top 

leaves with petioles, approximately a two-node stem section about 4 to 

6 nodes below the apex and about 8 to 10 cm from the top part of the tap 

root were sampled. The root sections were washed and lateral roots 

trimmed and discarded. 

If available, five bolls from each of the tagging dates were 

harvested at each sampling date in each plot. The bracts were removed 

from the bolls and discarded. Under conditions of heavy boll shedding, 

only one to two bolls for some tagging dates were available for sam

pling. In other cases, no bolls were available and bolls for that 

tagging date were not included in the data collection. The samples 
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were immediately frozen in dry ice, transported to the laboratory, and 

stored at -10 C until prepared for analysis following the procedure 

outlined by Smith (1969). 

The two middle beds designated as yield area were harvested by 

a stripper harvester. Seed cotton weight and a sample were taken to 

determine the gin turn out. The seed cotton yield was, then, converted 

into lint yield using the gin turn out. 

Twenty-five bolls were picked from the inner rows of the border 

beds in the yield area of each plot for fiber quality tests which were 

determined at The University of Arizona Cotton Fiber Testing Laboratory. 

Carbohydrate Analysis 

Each plant part was cut into small sections and lyophilized 

using a Lab-Line Universal Bench Model Freeze Dryer. The dried samples 

were ground through a 40-mesh screen using a Wiley mill. The ground 

samples were sealed in glass vials and stored at room temperature until 

chemically analyzed. 

Chemical analysis of the samples for total available carbohy

drates (TAC) was conducted using the takadiastase enzyme teclinique as 

outlined by Weinmann (1947), modified by Smith (1969), and tested and 

confirmed by Greub and Wedin (1969). The vials containing the ground 

plant material for analysis were loosely covered and dried overnight at 

70 to 80 C. The vials were sealed and allowed to cool to room tempera

ture before weighing. An aliquot of 500 mg was weighed from each sample 

and transferred to a glass centrifuge test tube to which 10 ml of buffer 

solution were added. The buffer solution consisted of a 2:3 v/v of 0.2 
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N sodium acetate and 0.2 N acetic acid. The test tubes were stoppered 

and boiled for 5 min to gelatinize the material. After the tubes were 

cooled to room temperature, 20 ml of 0.25% Clarase 900 solution were 

added. (Clarase 900 is the trade name of a purified takadiastase of 

fungal origin available from Miles Laboratory Inc., Elkhart, Indiana.) 

The contents of the test tubes were thoroughly mixed with the enzyme and 

incubated for 44 hours at 45 C in a constant temperature water bath. 

Upon completion of the incubation period, the sample solutions were fil

tered under suction through Whatman #1 filter paper and thoroughly 

washed with deionized water. The resultant filterates were cleared with 

10 ml of 10% zinc sulphate. The residual zinc sulphate was precipitated 

by an equivalent amount of barium hydroxide and filtered twice under 

suction with Whatman #50 filter paper. The amount of barium hydroxide 

equivalent to the zinc sulphate was determined by titrating 10 ml of 10% 

zinc sulphate plus distilled water and phenolphthalim indicator with 

barium hydroxide until the solution became permanently pink (Smogyi 

1945). The solutions were then diluted to 1:2,500 in successive steps 

of 1:250 and 1:10 using deionized water. This dilution was arrived at 

by analyzing 500 mg composite samples of each of the plant parts with 

varying dilutions. This dilution gave an optical density readings for 

most of the plant parts near the most sensitive part of the spectro

photometer scale. The optical density of 1 ml of solution from the 

final dilution was determined calorimetrically at 620 nm using the 

anthrone-reagent technique as outlined by Yemm and Willis (1954). 

A standard curve diluted in the same manner within the optical 

density range of the plant material was used. Three amounts of 
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dextrose, 100, 200 and 400 rng were diluted to g1ve three basic concen

trations of 40, 80 and 120 ~g/rnl. From these three concentrations 

further dilutions were made to give four replications of concentrations 

ranging from 10 to 120 ~g/rnl. The optical densities of these concen

trations were analyzed statistically and were found to fit a linear re

gression line. 

With each batch run, 100 and 200 rng of dextrose were used as 

checks to give concentrations of 40 and 80 ~g/rnl, the optical densities 

of which were known from the standard curve. A duplicate of one of the 

tissue samples was also included with each run as an additional check. 

A blank containing all reagents except the plant material was used with 

each run to zero the spectrophotometer and adjust for any color that the 

reagents might add. 

Carbohydrate Levels Along the Plant Axis 

During the course of analysis for total available carbohydrates, 

seasonal variability, associated with the growth rate of plants was 

noted. This variability was not uniformly expressed in all plant organs 

sampled. Additional plant samples, therefore, were collected to evalu

ate differences in carbohydrate levels in organs located at various 

positions on plants. 

Samples were collected from cotton plants grown at The Univer

sity of Arizona Campbell· Avenue Farm in Tucson on August 12, 1974. The 

plants were cultivar'Stoneville 7A'planted on April 22, 1974 in rows 50 

ern apart and thinned to a population of 10 pl/rn2. The plants were up

rooted and separated into sterns and roots. Branches and lateral roots 
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were trimmed and discarded. The stems were cut into six segments. The 

first five segments were four nodes each, starting from the base of the 

plant, and the sixth segment was composed of the remaining nodes which 

ranged from two to four nodes excluding the plant apixes. 

Leaves from the top four segments of the main stem were separated 

into leaf blades and petioles. The tap roots were washed and cut into 

two sections, a top part which was approximately 7.5 cm in length and a 

bottom part ranging from 12.5- to 15-cm long. 

The samples were prepared for total available carbohydrate anal

ysis following the procedure outlined previously. Data for stems and 

roots were analyzed as a randomized complete block design and leaves and 

petioles as a split-plot design replicated five times with two plants 

per replication. 



RESULTS AND DISCUSSION 

2 Plant population levels of 7.4, 14.8 and 22.2 plants/m will be 

referred to as low, medium and high populations, respectively, in this 

section. Harvest dates of July, July 15, July 29, August 12, August 30 

and October 12 in 1971 will be designated as H^, and H^, 

respectively. In 1972 the harvest dates were June 19, July 3, July 17, 

July 31, August 14, August 29 and October 11 which will be referred to 

as H^, HJ, H^, H(-, and H^, respectively. The final harvest date 

each year was used for carbohydrate analysis only. 

Data for the 2 years were analyzed separately because sampling 

dates, sampling intervals and planting dates during the 2 years dif

fered. Significant differences noted were computed at the 5% level 

according to the Student-Newman-Keuls Test. 

Effect of Competition on Plant Development 

Stem Dry Weight 

The effect of plant population on stem dry weight per plant is 

shown in Fig. 1. During the early periods of growth (H-^ and plant 

populations had negligible effects on stem dry weight during both sea

sons. Significant population effects were evident by when plant 

canopies were approaching closure. At this and later harvest dates, 

plants in the low population achieved the highest stem dry weight during 

both years. At this time, competition in the plant communities was more 

intense in the high and medium populations than in the low population 

32 
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harvest dates. 
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and resulted in significant differences in stem dry weight of plants 

from the three population densities. 

Plant Height 

Plant height was not significantly affected by plant density 

except at the time of the last 2 harvest dates during both years (Table 

1). By the end of each season, plants from the high population density 

were significantly shorter than plants from the low or medium popula

tions . 

Number of Nodes 

Significant effects of plant population on number of main stem 

nodes per plant was evident by in 1971 and by in 1972 (Table 2). 

The number of nodes was significantly less from plants in the high 

population than from plants in the other two populations at the final 

harvest dates in both seasons, with the medium population being inter

mediate . 

A comparison of the number of main stem nodes per plant and 

plant height at H-^ and of both years shows that although the number 

of nodes generally was reduced with increased plant population, plant 

height generally tended to be increased with higher population density. 

These results possibly can be explained by the effect of competition for 

solar radiation resulting in a reduced photosynthetic rate per plant, 

especially in plants from the high population density. The resulting 

photosynthate deficiency could slow development of nodes and internodes 

with the greatest effect on plants in the high population density. As 

an adaptive survival mechanism, however, the length of internodes is 



Table 1. Effect of plant population on plant height in cm at different harvest dates. 

Harvests 

Year Plant Population % H2 H3 H4 H5 H6 

1971 7.4 Plants/m^ 19.1 a* 41.3 a 63.0 a 81.5 a 103.6 a 

14.8 Plants/m^ 20.5 a 47.2 a 62.0 a 78.8 a 97.4 ab 

22.2 Plants/m^ 20.1 a 44.1 a 60.6 a 70.1 b 90.3 b 

1972 7.4 Plants/m^ 38.2 a 56.6 a 85.2 a 108.2 a 118.7 a 121.0 a 

14.8 Plants/m^ 42.7 a 58.0 a 83.5 a 102.4 a 111.0 ab 121.2 a 

22.2 Plants/m^ 40.8 a 54.5 a 83.2 a 102.0 a 105.8 b 111.4 b 

* Within each year and harvest date means folloxved by the same letter are not significantly different 
at the 5% level according to the Student-Newman-Keuls Test. 

w cn 



Table 2. Effect of plant population on number of main stem nodes per .plant at different harvest 
dates. 

Harvest 

Year Plant Population HI H2 «3 H4 H5 H6 

1971 7.4 Plants/m2 11.6 a* 16.2 a 20.3 a 22.5 a 28.4 a 

14.8 Plants/m2 10.9 a 15.5 a 18.8 b 21.8 a 25.8 b 

22.2 Plants/m2 11.0 a 15.0 a 18.4 b 20.3 b 24.3 c 

1972 7.4 Plants/m2 15.3 a 17.5 a 22.4 a 23.8 a 26.6 a 26.5 a 

14.8 Plants/m2 14.5 a 14.7 a 21.0 a 16.9 c 24.0 a 25.8 a 

22.2 Plants/m2 12.5 a 15.5 a 19.5 a 20.9 b 23.6 a 21.6 b 

* Within each year and harvest date means followed by the same letter are not significantly differ
ent at the 5% level according to the Student-Newman-Keuls Test. 

w 
CT* 
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lengthened which places plants in a better position to compete for solar 

radiation. 

In a review article, Duncan (1969) reported that corn plant 

height increased with increasing plant population until a maximum height 

was reached. Additional increases in plant population resulted in a 

decrease in height. These results were also explained by the effect of 

mutual shading on the carbohydrate status of plants. 

Leaf Dry Weight 

The response of leaf dry weight per plant in the plant popula

tions was similar to the change in stem dry weight per plant except that 

in 1972 severe leaf shedding occurred before H^, especially in the low 

populations, and resulted in a decrease in dry weight (Fig. 2). 

Comparison of stem and leaf dry weights (Fig. 1 and 2) indicates 

some differences in plant stature during the 2 years. In particular, 

leaf weight of the low population, was much greater in 1972 than in 

1971. The large plant size in 1972 confirms the visual observation of 

rank growth as stated previously. 

Number of Leaves 

The number of leaves per plant was affected by plant population 

in much the same manner as total dry weight of leaves (Table 3). Sig

nificant differences were apparent as early as ̂  in both seasons. 

In 1971 the magnitude of differences among the populations was 

large at later harvest dates with plants from all populations being 

significantly different. In 1972, however, population differences among 

plants diminished at later harvests because of leaf shedding and by the 
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Fig . 2. Effect of plant population on dry weight of leaves at different 
harvest dates . 



Table 3. Effect of plant population on number of leaves per plant at different harvest dates. 

Harvest 

Year Plant Population Hi H2 H3 H4 H5 H6 

1971 7.4 Plants/m2 23.3 a* 49.8 a 72.6 a 101.4 a 111.5 a 

14.8 Plants/m2 20.4 a 43.4 a 46.8 b 62.7 b 66.9 b 

22.2 Plants/m2 17.0 a 26.7 b 37.4 b 42.1 c 46.9 c 

1972 7.4 Plants/m2 40.4 a 67.1 a 117.8 a 143.7 a 117.4 a 69.0 a 

14.8 Plants/m2 39.3 a 55.0 ab 86.5 b 78.6 b 64.4 b 49.6 ab 

22.2 Plants/m2 28.8 a 39.2 b 64.6 c 64.5 b 50.4 b 38.7 b 

* Within each year and harvest date means followed by the same letter are not significantly differ
ent at the 5% level according to the Student-Newman-Keuls Test. 

vo 
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final harvest the low population differed significantly only from the 

high population. 

Fruiting Forms Dry Weight 

Fruiting forms include prefloral buds (squares), flowers and 

bolls. Population effects on fruiting form dry weight per plant during 

early periods of growth were nonsignificant (Fig. 3). Significant dif

ferences among populations were not noted until in 1971 and in 

1972. By the final harvest within each year, fruiting form dry weight 

per plant differed significantly for plants from each of the population 

densities. 

Boll formation started to occur about 80 days after planting. 

Data for boll dry weight per plant are shown in Fig. 4. In 1971 boll 

samples for were lost and the data are not shown. Significant ef

fects of plant population on boll dry weight per plant was apparent by 

in 1971 and by in 1972 with plants from the low population having 

greater boll dry weight per plant than plants from the other plant 

populations. 

Number of Bolls 

The number of bolls per plant as affected by population level 

is shown in Table 4. A significant reduction in number of bolls per 

plant of plants in the high population densities was evident by and 

H5 in 1971 and by and H& in 1972. The response was similar to that 

of the boll dry weight per plant. 
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Table 4. Effect of plant population on number of bolls per plant at different harvest dates. 

Year Plant Population 
Harvest 

Year Plant Population Hi H2 H3 H4 H5 H6 

1971 7.4 Plants/m^ 4.7 a* 10.0 a 13.7 a 

14.8 Plants/m^ 3.9 a 5.5 b 6.4 b 

22.2 Plants/m^ 3.0 a 4.7 b 3.5 c 

1972 7.4 Plants/m^ 5.5 a 8.3 a 14.8 a 13.1 a 

14.8 Plants/m^ 5.1 a 4.6 a 8.6 b 10.2 at 

22.2 Plants/m^ 2.8 a 3.8 a 6.9 b 7.1 b 

* Within each year and harvest date means followed by the same letter are not significantly different 
at the 5% level according to Student-Newman-Keuls Test. 
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Discussion of Competition Effects 

To further illustrate and support the results outlined pre

viously, photographs of plants grown at different population levels are 

presented in Fig. 5 and 6. These clearly show the effects of increased 

plant populations on the general size and shape of plants. Fig. 6 shows 

the reduction in stem diameter, number of branches, fruiting load and 

height of plants with increasing plant population. 

The relative diminution of aerial plant parts with increased 

crowding was also reflected in the size and shape of the tap root and 

lateral root production (Fig. 7). The size of the tap root and size 

and number of lateral roots were generally decreased as plant popula

tion was increased. 

In general the effect of plant population on the trend in dry 

matter accumulation for various plant parts was small in early season 

and increased as the season advanced. Early in the season plant size 

was small and competition among plants was negligible. By later periods 

of growth, competition among plants, especially for solar radiation, 

intensified as the plants grew in size. Competition was more severe 

in the high population levels resulting in a significant reduction in 

size and number of plant parts. 

Comparable results have been reported by several workers. Work 

of Ray and Fowler (1971) showed a linear increase in dry matter accumu

lation for both low and high population densities during early plant 

growth. Decreased dry weight per plant in narrow-row, high-population 

cotton culture compared with standard culture was reported by Peebles 

et al. (1956), Johnson (1969) and Ray and Fowler (1971). High plant 
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Fig. 5. Effect of plant population on general shape and size of plants. 
2 2 30,000 pl/A = 7.4 pl/m ; 60,000 pl/A = 14.8 pl/m ; 90,000 pl/A = 22.2 

pl/m2. 



Fig. 6. Effect of plant population on stem diameter, branching and 
fruiting load after leaf removal. 

30,000 pl/A = 7.4 pl/m2; 60,000 pl/A = 14.8 pl/m2; 90,000 pl/A = 22.2 
pl/m2. 



Fig. 7. Effect of plant population on size of tap root and size and 
number of lateral roots. 

30,000 pl/A = 7.4 pl/m2; 60,000 pl/A = 14.8 pl/m2; 90,000 pl/A = 22.2 
pl/m2. 

47 
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densities have also been shown to reduce the central stem diameter, 

boll size and other plant parts of cotton (Kirk et al. 1969). Stansel 

(1927), Christidis and Harrison (1955), Ray and Fowler (1971) and Buxton 

et al. (1972) observed a significant decrease in boll size with close 

spacing of plants. The work of Stansel (1927), Johnson (1969), Kirk 

et al. (1969), Douglas and Andries (1970), Ray and Fowler (1971), Briggs 

(1971) and Buxton et al. (1973) indicated a reduction in number of main 

s~em nodes and plant height with increased plant population. 

Reduction in fruiting forms per plant of plants from the high 

population densities could be due to a limited supply of photosynthates 

as a result of mutual shading and reduced photosynthetic area. Dunlap 

(1945) reported a 75% reduction in number of mature bolls when 2-month 

old cotton plants were subjected to low illumination. Cloudy weather 

and artificial shading has also been shown to increase shedding of 

fruiting forms (Dunlap 1945; Goodman 1955). Parallel results were re

ported by several workers. ·Burhan (1964), Johnson (1969), Peacock et 

al. (1971), Ray and Fowler (1971), Guinn (1972b) and Buxton et al. 

(1973) showed an increased boll shedding and number of barren plants 

and decreased number of bolls per plant vrith increased crowding. 

Rank Growth and Relative Fruitfulness 

The effect of rank growth in the 1972 growing season compared to 

the 1971 growing season is sl1own by the relative fruitfulness of the two 

seasons taken at 110 days after planting (Table 5). Relative fruitful

ness refers to the percentage weight of fruiting forms relative to total 

plant dry weight. 



Table 5. Relative fruitfulness computed 110 days after planting for 
the three population levels. 

Fruiting 

Year 
Plant 

Population 

Total 
D. W. 

(g/plant) 

Bodies 
D. W. 

(g/plant) 
Relative 

Fruitfulness 

1971 7.4 Plants/m2 100.6 31.2 31.0 

14.8 Plants/m2 55.4 17.0 30.7 

22.2 Plants/m2 36.0 9.6 26.7 

1972 7.4 Plants/m2 155.4 15.0 9.7 

14.8 Plants/m2 61.6 7.7 12.5 

22.2 Plants/m2 50.6 6.1 12.1 
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The relative fruitfulness in 1971 was almost three-fold greater 

than in 1972, which shows that development of the fruiting load relative 

to vegetative development was delayed in 1972. Relative fruitfulness 

was reduced by high population densities in 1971. With rank growth in 

1972, the extensive vegetative development of the low population re

sulted in lower relative fruitfulness than in the high population 

densities. 

Guinn (1974) pointed out that higher shedding of fruiting forms 

and bolls is expected in rank cotton than in cotton with normal growth 

because of heavy shading and decreased assimilation rate. Shedding of 

fruiting forms and bolls can be even more pronounced with rank growth 

in high population culture. 

Plant Dry Weights Per Unit Ground Area 

In the previous discussion it was shown that dry weights and 

number of plant parts per plant were decreased as plant population was 

increased. When these data are expressed as dry weight per unit ground 

area, the relationship is reversed with the high population generally 

having larger values than the low population (Table 6) although the 

latter data were not analyzed. The stems, leaves and fruiting bodies 

dry weight per unit area was increased with high population levels. In 

particular, the leaves dry weight showed a rapid accumulation in the 

high population early in the season. This reflects a larger photosyn-

thesizing surface early in the growing period which allowed the crowded 

plants to produce almost twice as much dry matter early as the low popu

lation plants. By later harvest dates, however, the differences 
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Table 6. Effect of plant population on plant part dry weights at different harvest dates m g/m of 

ground area. 

Plant Plant Harvests 

Year Part Population Hi H2 H3 H4 H5 H6 

1971 Stems 7.4 pl/m2 
14.8 pl/m2 
22.2 pl/m2 

5.0 
9.9 
11.5 

41.8 
79.8 
71.7 

96.2 
116.9 
139.9 

179.1 
210.2 
197.6 

241.2 
263.4 
262.0 

Leaves 7.4 pl/m2 

14.8 pl/m2 

22.2 pl/m2 

18.1 
33.0 
39.5 

61.9 
106.3 
95.0 

170.9 
188.0 
219.8 

349.3 
340.4 
295.3 

272.3 
304.9 
324.1 

Fr. 
Bodies 

7.4 pl/m2 

14.8 pl/m2 

22.2 pl/m2 

0.2 
0.3 
0.4 

5.3 
9.2 
8.7 

45.0 
63.6 
66.6 

85.8 
97.7 
129.9 

230.9 
251.6 
212.0 

1972 Stems 7.4 pl/m2 

14.8 pl/m2 

22.2 pl/m2 

26.5 
61.4 
63.9 

95.8 
145.8 
166.5 

187.2 
279.0 
296.4 

355.2 
321.9 
434.0 

422.5 
459.5 
561.7 

369.6 
519.5 
530.6 

Leaves 7.4 pl/m2 

14.8 pl/m2 

22.2 pl/m2 

71.8 
136.9 
153.9 

176.5 
250.1 
280.8 

328.9 
419.6 
414.0 

683.4 
475.1 
555.0 

402.2 
371.5 
380.7 

202.8 
311.5 
363.0 

Fr. 
Bodies 

7.4 pl/m2 

14.8 pl/m2 

22.2 pl/m2 

2.1 
4.9 
4.4 

14.7 
17.0 
21.8 

52.2 
91.0 
72.2 

111.0 
114.0 
134.3 

256.4 
284.9 
309.7 

326.0 
497.3 
500.6 

cn 
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among populations diminished because of heavy shading and competition 

for solar radiation among plants grown in the high population densities. 

A trend for increased dry matter per unit area with increasing 

plant population has also been reported by other workers. Johnson 

(1969), Johnson and Walhood (1970) and Ray and Fowler (1971) showed that 

LAI was increased with high plant populations and that the maximum LAI 

was attained earlier in the season than with low population densities. 

Ray and Fowler found a reduction in net assimilation rate (NAR) with 

high plant densities because of mutual shading, but the increase in 

leaf area more than offset the reduction in NAR and was reflected in a 

higher crop growth rate. 

Yield and Boll Characteristics 

Yield 

The effect of plant population on lint yield per plant and per 

unit ground area is shown in Table 7. Lint yield per plant in the low 

population was almost twice that of the medium population and three 

times that of the high population. The reduction in dry matter accumu

lation per plant with increasing plant population is, as would be ex

pected, also reflected in the reduced lint yield per plant. 

Although dry matter accumulation per unit ground area was 

increased by high populations, lint yield failed to reflect any signifi

cant differences among the populations during both years. This could 

be due, in part, to the unadaptability of the cultivar used in this 

study. 
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Table 7. Effect of plant population on lint yield per plant and lint 
yield per unit ground area. 

Population 

Year Unit 7.4 pl/m2 14.8 pl/m2 22.2 pl/mz 

1971 g/plant 16.4 8.4 5.4 

kg/ha 1217 1249 1199 

1972 g/plant 11.2 5.6 3.8 

kg/ha 832 829 845 
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Yields reported by other workers, as affected by plant population, 

were inconsistent but generally show no advantage of high populations 

over low populations (Johnson and Walhood 1970; Briggs 1971; Ray and 

Fowler 1971). Burhan (1964) reported yield increases with increased 

plant population with an optimum of 14.4 plants/m . Thereafter, in

creased plant population failed to compensate for the decreased yield 

per plant presumably because of severe competition among plants for 

solar radiation, water and nutrients. 

The use of conventional cultivars with varying responses to 

high population cotton culture probably resulted in the inconsistent 

yield reports. It could be that this system of planting requires a 

specially engineered cultivar which can, under crowded conditions, pro

duce more photosynthates and/or partition a greater part of it to fruit

ing forms at the expense of other plant parts. In addition management 

practices could be an important variable. 

Yields in 1971 were higher than in 1972 probably, in part, 

because of rank growth and decreased fruitfulness. This is further 

supported by the relative fruitfulness of the two seasons shown pre

viously in Table 5. The relationship between rank growth, fruitfulness 

and carbohydrate status of plants will be discussed later. 

Boll Characteristics 

The effect of plant population on per cent lint, lint index, 

seed index, seed per boll and boll weight was slight and not signifi

cant during botli years (Table 8). There was a slight trend for de

creased boll weight and seed per boll with increased population. 



Table 8. Effect of plant population on boll characteristics .. 

Boll Characteristics 
Plant % Lint Seed Seed per Boll Weight 

Year Population Lint Index Index Boll g/boll 

1971 7.4 pl/m2 35.3 a* 6.2 a 11.2 a 28.9 a 5.0 a 

14.8 p1/m2 35.9 a 6.1 a 10.8 a 29.1 a 4.9 a 

22.2 pl/m2 35.4 a 6.2 a 11.3 a 27.3 a 4.8 a 

1972 7.4 pl/m 2 37.8 a 6.0 a 9.9 a 33.6 a 5.3 a 

14.8 pl/m2 37.7 a 6.1 a 10.2 a 31.4 a 5.2 a 

22.2 pl/m 2 37.5 a 6.2 a 10.4 a 31.6 a 5.2 a 

*' 
In each year characters in columns followed by the same letter are not significantly different at 
the 5% level according to the Student-Newman-Keuls Test. 

V1 
V1 



Christidis and Harrison (1955), Peebles et al. (1956), Burhan (1964) 

and Buxton et al. (1972) reported similar effects. 

Total Available Carbohydrates 

Roots 

Plant population level had little consistent effect on root 

total available carbohydrates per unit plant tissue during the 2 years 

(Fig. 8). Significant differences among populations were noted during 

the final harvest in 1971 and during the first two harvest dates in 

1972. The TAC level of high population was low at the end of 1971 and 

high at the beginning of 1972. There was a trend for low TAC levels in 

roots of plants in the low population early in both years. The popula

tion x harvest date interaction was significant in 1972 but not in 1971. 

Root TAC levels displayed a seasonal pattern of intermediate 

levels early, low levels at mid-season and high levels at the end of the 

season. The reduction in TAC levels during mid-season is probably re

lated to the development of a strong competing sink for TAC by develop

ing cotton bolls and in 1972 vegetative growth. High accumulation of 

TAC at the end of the season probably reflects a reduction in growth 

rate of the plants and translocation of photosynthates to the roots in 

response to active accumulation of carbohydrate reserves. 

Stems 

The pattern of TAC levels per unit of stem tissue were similar 

to those for root tissue and are shown in Fig. 9. Differences among 

the populations were not significant except during the final harvest in 
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1971. At this date stems from the medium population had higher levels 

of TAC than stems from the other two populations. The population x 

harvest date interaction was significant during both years. 

Differences in stem TAC content among plants from the three 

populations were large when the data were expressed on an organ basis 

(Fig. 10). The TAC content of stems was similar during early periods 

of growth, but large differences were evident among the populations 

during subsequent sampling dates. The trend is similar to that for stem 

dry weights (Fig. 1). This implies a stronger relationship between 

carbohydrate content and dry weight of plant parts than between car

bohydrate levels of plant tissues and plant part dry weight. 

Leaves 

Fig. 11 shows TAC levels for leaves from the three population 

densities expressed per unit weight of plant tissue. Plant population 

effects were not significant in 1971. In 1972, however, averaged over 

harvest dates, leaves from the low population had significantly higher 

TAC levels than leaves from the other population levels. This relation

ship can be explained by the effect of less mutual shading in the low 

population than in the high population which resulted in higher photo-

synthetic rates. 

The seasonal pattern of TAC- levels in leaves differed somewhat 

from patterns for roots and stems. At the end of the season, levels 

of TAC in leaves did not increase as in roots and stems probably because 

of leaf senescence. 
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High TAC levels early in the season may have resulted because 

plant organs were small and exerted small demand for TAC which did not 

efficiently drain photosynthates from the leaves. Moreover, during 

this early period of development, most of the photosynthetic structures 

were relatively young and very active photosynthetically with mutual 

shading at a minimum because of low total leaf area per plant. Muramoto 

et al. (1967) have shown that young leaves have the highest rate of CC^-

fixation and Warren-Wilson (1972) reported that sink strength is related 

to sink size and its activity. 

When TAC values were expressed on an organ basis, differences 

among leaves from the three population levels were evident (Fig. 12) and 

were similar to trends for leaf dry weight (Fig. 2). Differences were 

large near the middle of the growing season and smaller at the beginning 

and the end of the season. 

Comparison of Root, Stem and Leaf Levels 

Fig. 13 shows a comparison of TAC levels of stems, roots and 

leaves averaged over the three population densities. The roots general

ly had the highest TAC levels throughout; the sampling period while leaves 

had the lowest TAC levels except early in 1971. The harvest date x 

plant part interaction was significant during both years which probably 

resulted because of the failure of the leaves to accumulate high TAC 

levels at the end of each season. 

TAC of Stems and Leaves on Ground Area Basis 

Total available carbohydrate content per unit ground area for 

the stems and leaves are shown in Table 9. The response is similar to 
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Table 9. Effect of plant population on stem and leaf total available carbohydrate content in g/m 

of ground area. 

Plant Stems Leaves 
Year Population Hx H2 % H4 H5 H6 % H2 % H4 H5 H6 

1971 7.4 pl/m2 0. 50 3 .95 8 .54 11 .99 11.46 3 .67 8 .00 9 .78 16.87 11.22 

14.8 pl/m2 1. 08 •7 .71 9 .37 15 .95 10.91 6 .20 14 .25 11 .03 14.23 12.74 

22.2 pl/m2 1. 18 6 .56 11 .20 15 .00 10.84 7 .12 11 .62 11 .38 13.82 11.80 

1972 7.4 pl/m2 3. 17 9 .43 13 .35 19 .96 50.32 44.02 9 .79 18 .67 24 .01 45.79 33.62 13 .54 

14.8 pl/m2 7. 89 20 .19 18 .58 13 .94 52.94 57.04 18 .02 21 .74 35 .24 24.70 20.80 19 .32 

22.2 pl/m2 8. 17 25 .24 18 .79 22 .87 43.59 53.86 18 .82 22 .83 30 .85 27.03 24.48 21 .74 

o\ 
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dry weight per unit ground area (Table 6) which shows the close rela

tionship between TAC content and dry weight per plant. 

Unfortunately TAC content of the bolls and roots on a unit area 

basis cannot be calculated because necessary dry weight data were not 

collected. 

As was shown in Fig. 8, 9, 11 and 13, plants accumulated similar 

TAC levels on a unit weight of tissue for all population densities 

studied. Population effects were clearly evident when TAC was expressed 

on an organ basis (Fig. 10 and 12). TAC status of a plant, therefore, 

may be more a function of organ size than TAC level: large organs have 

large TAC pools. The manner in which TAC pool size may influence the 

growth of an organ is not apparent since TAC levels were similar. Re

duction in photosynthesis per plant at high plant populations, however, 

is associated with small pools of plant TAC. This is suggested by the 

close association of plant parts dry weight (Fig. 1 and 2) and TAC con

tent of plant parts (Fig. 10 and 12). Factors not investigated, such 

as free sugars, may have an important effect in determining the growth 

rate of organs. 

Bolls 

TAC levels of boll tissue for bolls of various ages are shown in 

Fig. 14. Bolls up to 40 days of age were sampled during H,- in 1971. 

Younger bolls were not samples in of 1971 because of heavy boll 

shedding. In 1972, only three boll ages at each harvest date were sam

pled because of difficulty of preparing older bolls for analysis. 
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Plant population effects on TAC levels in bolls were small and 

not significant at all harvest dates. Considerable variation, however, 

in TAC level with boll age was found. TAC level increased with age 

until a maximum of about 400 mg/g tissue was reached by about the 15th 

day, then dropped to a minimum of about 50 mg/g by day 40 as shown by 

the 1971 data. 

The decline of TAC levels was likely associated with cellulose 

formation. This relationship is well documented in the literature. 

Benedict et al. (1973) showed that maximum "^C-incorporation occurred 

into bolls 8 to 10 days of age then steadily declined up to 30 days 

after anthesis while fiber dry weight lagged 10 to 12 days after an-

thesis before increasing and reaching a maximum 40 to 45 days after 

anthesis. Incorporation of "^C-assimilates into developing fiber showed 

a similar lag of 10 days with maximum incorporation reached 23 to 40 

days after anthesis which coincided with the period of rapid increase 

in fiber dry weight. 

There were small differences in TAC levels of bolls of similar 

age that were harvested at different dates. These differences may have 

resulted from differing carbohydrate demand by developing bolls and en

vironmental conditions during the time of boll development. Conner et 

al. (1972) found a strong relationship between temperature and trans

location of assimilates to bolls, especially during the first 15 days 

after anthesis. Their results showed that each increase of 5 C in 

night temperature from a base of 10 C reduced the time required to reach 

maximum soluble sugars in the bolls by about 5 days. After the peak 



69 

was reached the decline in soluble sugars was more rapid with high 

temperatures than with low temperatures. 

TAC Level in Relation to Plant Growth 

The increment change in plant total dry weight and dry weight 

of fruiting bodies between each harvest date is shown in Fig. 15 and 16, 

respectively. The population effect on increment dry weight in both 

seasons is clearly depicted, particularly after the second harvest date. 

In 1972 a negative increment of plant dry weight in the low population 

was found at the last two harvest dates. Prior to this time, leaf 

growth was extremely vigorous and was followed by leaf shedding which 

largely accounts for the negative values (Fig. 2). 

A comparison of Fig. 13, 15 and 16 reveals that maximum dry 

weight increments were associated with minimum TAC levels. In 1971 

the largest increase in increment plant dry weight occurred between 

and (Fig. 15) and the largest increase in dry weight increment of 

fruiting bodies occurred between and (Fig. 16). The increase in 

fruiting bodies dry weight coincided with the sharp decrease in TAC 

levels (Fig. 13), indicating that the fruiting bodies were acting as a 

strong sink. 

In 1972 similar results were obtained except that minimal TAC 

levels were more closely associated with maximum increase in total plant 

weight rather than with increase in weight of fruiting forms. The 

greatest increase in increment dry weight of the plants occurred between 

H2 and (Fig. 15), while that of the fruiting bodies occurred between 

11^ and (Fig. 16). Minimal levels of TAC occurred during and 
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Fig. 15. Effect of plant population on increment change in total dry 
weight of plants (excluding roots) between each harvest date~ 
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(Fig. 13). Thus, the rank vegetative growth in 1972 was more important 

in reducing TAC levels than development of a strong reproductive sink. 

The lower yield of 1972 could be explained in part by depressed assimi

lates for translocation to fruiting forms following the period of 

vigorous vegetative growth. This likely induced a high rate of shedding 

of fruiting forms. 

Eaton and Joham (1944) attributed the decline in mineral uptake 

by roots and the reduction in vegetative expansion of plants during 

heavy fruiting to be a result of depletion of carbohydrates by the de

veloping bolls which resulted in reduced movement of assimilates to 

roots. They found a three-fold increase in carbohydrate concentration 

and a 601 increase in bromine uptake by roots of defruited compared to 

fruited cotton plants. In an earlier study Eaton (1931) found stimula

tion of growth and flowering of plants following removal of all pre

viously set bolls. The above results support the 1971 observations 

where developing bolls effectively reduced plant TAC levels and slowed 

subsequent growth of the plants. 

The effect of rank vegetative growth reducing TAC levels in 

1972 and limiting subsequent reproductive growth is in agreement with 

the observation by Guinn (1974) that rank growth can seriously affect 

fruiting form shedding, especially, in high population culture. 

TAC Levels Along the Plant Axis 

The effect of developing bolls on TAC levels of plants suggests 

that depletion of TAC levels should be greatest near the portion of the 

plant axis where the boll load is developing. To test this hypothesis, 
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fluctuations in TAC level along the stem, tap root and main-stem leaves 

of cotton plants were investigated. 

Stem and Root 

The large variability in TAC level along the stem and tap root 

of plants is shown in Fig. 17. The stem had a marked decrease in TAC 

near the mid-section with highest levels at the top of the stem and 

bottom of the root. 

High levels near the stem apex reflect the favorable position 

of leaves for solar radiation interception and high photosynthetic ac

tivity with a relatively low sink demand by developing fruiting forms 

for these carbohydrates. Low levels near the middle of the stem re

flects the effect of shading and effective utilization of carbohydrates 

by rapidly developing bolls in the region. In adjacent plot, Kerby 

(1975) found that branches attached to nodes 9 to 12 which correspond 

to segment 3 carried 48% of the boll load in the sampled plants. This 

heavy boll load effectively depleted TAC levels of this segment of the 

stem. 

The rise in TAC level at the base of the stem and in the tap 

root indicates that this is a region where active accumulation of carbo

hydrates occurs in this perennial species. High levels of carbohydrate 

reserves after flowering have been reported in roots and stems of 

timothy plants (Balasko and Smith 1973) and roots of birdsfoot trefoil 

and alfalfa (Nelson and Smith 1968). Mason and Maskell (1928) found a 

gradient in carbohydrate concentration of cotton stems. The 
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Fig. 17. Changes in total available carbohydrates down the stem and tap 
root of a cotton plant. 
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concentration fell from 6% at the top of the plant to 4% in the lowest 

region. The leaves also showed a similar gradient. 

Leaf and Petiole 

Variability in leaf and petiole TAC levels with height of plant 

section is shown in Fig. 18. Variability in TAC was more pronounced in 

the leaf blades than in the petioles. This seems logical since leaf 

blades are major photosynthetic structures-while petioles are mainly 

conducting channels. 

Leaf blades from the top section of the stem had the highest TAC 

levels which progressively decreased in subsequent sections down the 

stem. These data are in general agreement with TAC levels found in the 

stems. The reasons for the effect of height on stem TAC has been dis

cussed and similar reasons can be cited for the TAC levels in the 

leaves. 

The variability in TAC levels in roots, stems and leaves with 

height indicates that care should be taken to obtain uniform samples 

from same sections of cotton plants for carbohydrate analysis when com

parisons are made. 

Depletion of TAC level by developing bolls (Fig. 13 and 16) is 

shown to be much greater in the position of the plant body near the re

gion of heavy boll development. The localized depletion of TAC near the 

developing boll load suggests that the plant canopy should be designed 

so that leaves near the developing bolls are more photosynthetically 

active. This could be done by increasing sunlight penetration into the 

canopy. New cultivars with erect leaves at the top of the canopy and 
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Fig. 18. Changes in total available carbohydrates of leaf blades and 
petioles at each stem segment. 



large horizontal leaves subtending developing bolls, therefore, need to 

be designed. Ashley (1972) has shorn that a leaf subtending a develop

ing boll is the most important leaf for supplying carbohydrates to the 

boll. 



SUMMARY 

This study was conducted during 2 years at The University of 

Arizona Agricultural Experiment Station at Marana to investigate the 

growth behavior of Upland cotton under population levels of 7.4, 14.8 

? 
and 22.2 plants/m in narrow-row culture. Dry matter production, mor

phological characters and carbohydrate status of plant parts were evalu

ated at approximately 2-week intervals to determine if internal 

carbohydrate deficiency of plants is related to diminution of plant 

parts, increased boll shedding and reduced yield per plant in narrow-

row, high-population culture. 

In a separate study, plant samples were collected at the 

Campbell Avenue Farm at Tucson to determine the variability in TAC 

levels along the plant axes. Stems were sectioned into six segments, 

roots into two segments and leaf samples were taken from the top four 

segments of the stems. 

The relationship between plant population and plant development 

was small during early periods of growth. Significant differences among 

the populations were not evident until later periods when plant canopies 

started to close. At this and subsequent growth periods, competition 

among plants intensified, especially in the high population densities. 

Dry weight per plant of the different plant organs, number of plant 

parts, number of main-stem nodes, plant height and yield per plant were 

significantly reduced as plant population was increased. 

78 
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The effect of plant population was generally reversed when the 

data were expressed on a unit ground area basis. Dry weight and number 

of plant parts generally increased with increasing plant population. 

Differences in lint yield among the three populations were not signifi

cant. 

The carbohydrate studies demonstrated that plants partitioned 

similar TAC levels on a plant tissue weight basis for the range of 

population levels studied. Population effects, however, were evident 

when TAC content was expressed on a plant basis for the different plant 

organs showing that TAC status of plants is more closely associated with 

organ size rather than concentration of TAC in the tissue. The carbohy

drate status of plants is modified by plant densities because of the 

effect on size of plant parts. 

The TAC level of bolls varied with age reaching a maximal level 

by the 15th day and progressively decreasing to the last day measured 

which was the 40th day. 

Stems, roots and leaves TAC levels showed a cyclic pattern with 

low levels during mid-season because of depletion by developing fruiting 

forms or by rank vegetative growth. Rank growth successfully competed 

with fruit development for available photosynthates resulting in a sup

pression of fruiting form development. High TAC levels in stems and 

roots near the end of the season occurred as a result of photosynthate 

reserve accumulation. 

TAC levels along stem axes when a heavy boll load was developing 

showed that the reduction of the TAC level was confined to the area where 

bolls are developing. High levels at top of stem fixes resulted from the 
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favorable position of leaves for solar radiation interception, high 

photosynthetic activity of young leaves and lack of the strong sink by 

developing bolls to compete successfully for the carbohydrates. In

creased levels at the stem bases and tap roots resulted from accumula

tion of photosynthate reserves. 

The result of this investigation indicates that photosynthates 

are not efficiently translocated from the top to the area of plant where 

bolls are developing near the central part of the plant where demand is 

great to nourish developing bolls. This was demonstrated by low TAC 

levels in the central part of plants. These findings suggest that the 

plant canopy structure should be altered to allow greater solar penetra

tion to leaves near developing bolls to be more photosynthetically 

active and develop leaves with increased photosynthetic ability under 

low solar radiation. 
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