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ABSTRACT 

Field experiments were conducted at The University* of Arizona 

Marana Farm during 2 years to determine the effect of plant population 

and apex removal on cotton (Gossypium hirsutum L.) growth, yield, boll 

components, and fiber quality. Cotton plants were grown under three 

2 
population levels of 7.4, 14.8, and 22.2 plants/m . Apex removal treat

ments consisted of a control and one apex removal in 1971, and a control 

and two apex removals in 1972. 

Higher plant populations modified the morphological character

istics by decreasing plant height, length and number of vegetative 

branches, number of squares and green bolls, dry weight of plant parts, 

and leaf area per plant, especially later in the season when competition 

among plants is greatest. 

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

leaf area index, however, increased with high population levels. 

The mean net assimilation rate (NAR) was not affected by plant 

population or by apex removal treatments. 

Mean crop growth rate (CGR) was highest with the higher popula

tion densities in both years. Apex removal had no significant influence 

on CGR in either year. 

Flower and boll production was not significantly affected by 

population. Lint yield was similar for the three plant populations in 

both years. Apex removal did not significantly influence yield in 1971. 

xii 
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However, a significant reduction in number of flowers and bolls with 

early apex removal early in the 1972 fruiting season resulted in signifi

cant reduction in yield. 

Seed per boll was the only boll characteristic significantly 

reduced with high plant population level in both years. Seed index was 

the only boll characteristic significantly increased by apex removal both 

years. 

Fiber quality was remarkably stable under different plant popula

tions and different apex removal treatments except for fiber length which 

was significantly reduced with high population levels in 1972. 

Insect and boll rot damage was neither significantly affected by 

population nor by apex removal treatments. 

Apex removal modified plant size and structure. In general, 

early apex removal had an adverse effect on plant growth and fruitful-

ness, whereas late apex removal proved to be a useful means for reducing 

undesirable vigorous growth and improving cotton plant productivity. 

Apex removal had a stronger influence on the percent dry weight 

of leaves and fruiting forms than plant population. The late apex 

removal treatment altered the dry weight partitioning to the various 

plant parts, especially at the late periods of growth when it resulted in 

higher dry weight accumulation in fruiting forms and lower dry weight 

accumulation in leaves as compared with the control and early apex 

removal treatment. 

Evidence presented draws attention to the importance of apical 

dominance and plant competition concepts as useful tools for use in 
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redesigning the cotton plant structure and thereby improving its produc

tivity. Further investigations into different cultural practices, such 

as fertilization, irrigation, pest control, weed control, adapted culti-

vars, mechanical topping and harvesting, and economic factors, are 

warranted to determine the potentiality of this approach to more effi

cient cotton production. 



INTRODUCTION 

Plant density is one of the important aspects of crop production. 

It is well-known that plants compete for water, light, and nutrients. 

Individual plants of the same species exhibit the greatest competition. 

This may be due to the fact that plants of the same species have similar 

demands for their food and energy requirements. 

Early plant population studies were evaluated mainly from the 

standpoint of yield rather than factors responsible for differences in 

yield at different populations. Recently, accelerated interest in weed 

control and mechanization have resulted in new interest in plant spacing 

experiments. In addition, the need to develop techniques to reduce pro

duction costs has become imperative as inputs, particularly energy-

related items, have greatly increased in price. Today's knowledge of 

chemical weed control in cotton, which has provided an alternate method 

of controlling weeds, and mechanical harvester prototypes for harvesting 

broadcast and narrow-row cotton, have made possible the production of 

cotton in other than the conventionally spaced single row. 

A double-row planting pattern in which two rows instead of one 

are planted on 102-cm beds has been used to produce vegetable and field 

crops. There is potential that narrow-row spacing of plants will result 

in a more productive biological system than the arrangement now in 

general use (Johnson and Walhood, 1970). 

1 
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The cotton plant affords a classic example of the growth patterns 

that occur when indeterminate plants are exposed to increasing popula

tions. Populations are not assumed to be excessive as long as the plants 

successfully set and mature bolls at the first and subsequent fruiting 

nodes; when successful fruiting does not occur, the populations are 

excessive for the cultural, genetic, and environmental conditions under 

which the plants are growing [Walhood, 1970). 

The shedding of large numbers of squares and young bolls is a 

source of unending frustration to the cotton grower. He sees this as 

yield potential being wasted and during any period when almost all the 

fruiting forms on the plant shed, it becomes a positive disaster (Mauney, 

1972}. 

Several studies have shown that close-spaced plants shed more 

fruiting forms than widely spaced plants. Therefore, if high population 

or narrow-row cotton culture is to be effective, a method must be 

developed to reduce square and boll shed. 

Apex removal has been utilized in several determinate and 

indeterminate crops in order to reduce vegetative growth and to force 

plants to produce more fruiting forms. However, little attention has 

been paid to the application of this concept in cotton research, 

particularly narrow-row cotton culture. 

Some observations indirectly related to abscission provide evi

dence which may be helpful in understanding it. For example, there are 

similarities between the growth of lateral buds and abscission (Addicott 

and Lynch, 1955); the growth of lateral buds and abscission are both 
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inhibited by auxin. A comparative study of growth of lateral buds and 

abscission should provide valuable information about both. 

Cotton yields have reached a plateau. Furthermore, the use of 

fertilizers, irrigation practices, etc., have failed to result in a 

sizable and justifiable increase in yield. Therefore, a new alternative 

approach should be considered, that is, we must redesign the cotton 

plant's structure to make it more productive. This study is an attempt 

to contribute information toward reaching this goal. The objective of 

the study was to assess the effect of plant population and apex removal 

on growth, yield, fiber properties, and boll components of narrow-row 

cotton. 



REVIEW OF LITERATURE 

Effect of Plant Population and Other Factors 
on Growth, Yield, Boll Characteristics, 

and Fiber Quality 

Growth 

A technique of investigating growth and yield by use of growth 

functions was developed by British plant physiologists and is commonly 

termed "growth analysis." Watson (1952, 1958) and Williams (1946) pre

sented a thorough introduction of the concepts required, but the limita

tions were somewhat obscured. Radford (1967) clarified the formulae by 

outlining some of the assumptions. Growth analysis formulae include mean 

relative growth rate (RGR), mean net assimilation rate (NAR), and mean 

crop growth rate (CGR): 

RGR= [logeW2 - log^l/C^ - tx) = g/ClOO gt"1) 

NAR = [(W2 - WpClog^ - logeA1)]/CA2 - Ax)Ct2 - tx) 

= 10 mg/(dm~1t"1) 

CGR = (W2 - wp/(t2 - tp = gm"2/unit time 

- 2  
where and W2 are plant dry weights, m is land area, and A^ and A2 

are leaf area indices at times t^ and t2> 

The relative growth rate may be defined as the increase in weight 

per unit of original weight over a time interval, t. The net assimila

tion rate is the rate of increase in dry weight per unit leaf area. The 

4 
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equation, assumes that both dry weight and leaf area are increasing 

exponentially. The crop growth rate simply indicates the change in dry 

weight over a period of time (Radford, 1967). This expression, as well 

as RGR, can be used without any assumption about the form of the growth 

curve (Wolf and Carson, 1973). 

The procedure for analyzing growth in terms of dry weight changes 

was first shown by Blackman (1919) when he pointed out that growth could 

be regarded as a process of continuous compound interest. Any increment 

produced in any interval would add to the "capital" of growth in subse

quent periods. 

The yield of a field crop is the weight per unit area of har

vested product; thus, it is logical to base an analysis on weight changes 

(Wolf and Carson, 1973)• The dry weight of a plant is not all productive 

capital since a considerable part is leaf-supporting material and is not 

active in photosynthesis. Any dry matter increase is due to photo

synthesis of light-intercepting tissue, so a good measure of the produc

tive capital of the plant is leaf area (Williams, 1964). 

In an analysis of the causes of variations in dry matter yield, 

it is appropriate to express the leaf area of a crop on the same level as 

yield, that is, as the area of leaf surface per unit area of land surface 

rather than as leaf area per plant (Watson, 1952). Leaf area index 

refers to the leaf area (one side) per unit area of land. Watson (1958) 

was among the first to use the concept of leaf area index (LAI) for 

describing the complicated interrelationships of plant growth capabilities 

and light interception. 
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Many methods have been used in determining leaf area. Researchers 

have developed methods that work best with a given crop and facilities 

available. Some of the methods include mechanical planimeter, photo-

planimeter (Donovan, Magee, and Kalfleisch, 19S8), dry weight method 

(Rhodes and Bloodworth, 1964), weight of image (Carleton and Foote, 

1965), and length of width measurements (Donald and Black, 1958; Ashley, 

Doss, and Bennett, 1963a). Other methods have been devised, including 

resistance to air flow (Mayland, 1969), and electronic instruments for the 

non-destructive measurement of leaf area, leaf width, and leaf length 

(Jenkins, 1959; Mayland, 1969). A commercially available area meter 

accumulates electronic measurements as the leaves pass along a transparent 

conveyor.* Hie instrument is expensive but very versatile and has a high 

degree of accuracy (Wolf, Carson, and Brown, 1972). More recently, a 

photoelectric digital scanner for measuring leaf area has been devised 

2 which is capable of measuring up to 680 m of leaf tissue in 10 seconds 

(Cox, 1972). 

The importance of LAI is in relation to interception of light for 

maximum growth. By definition, any LAI below "one" will allow some light 

energy to fall onto the soil. Due to the natural display of leaves, 

however, the LAI must be considerably above "one" before most of the 

light will be intercepted. Several reviews are available on the LAI 

concept (Donald, 1963; Wolf et al., 1972). 

Specific leaf area (SLA) is the ratio of leaf area to leaf 

weight (Wolf et al., 1972). Specific leaf weight (SLW) is the reciprocal 

1. Model AAM Hayashi Denko Automatic Area Meter. Distribution 
by Far East Mercantile Corp., Room 1201, 50 East 42nd Street, New York, 
New York 10017. 
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of SLA and is used by some workers to evaluate such effects as shade, 

age, and leaf position in the canopy (Johnson, 1967; Robinson and 

Massengale, 1967). 

Muramoto, Hesketh, and El-Sharkawy (1965) studied the relation

ships among rate of leaf area development, photosynthetic rate, and rate 

of dry matter production among American cultivated cottons and other 

species. They found that net assimilation rate (NAR) of dry matter did 

not differ greatly among the cottons. Differences in rate of leaf area 

development, however, were measurable and were associated with differ

ences in rates of dry matter production among cotton species and between 

cotton and other species. 

Bhatt and Appukuttan (1971), and Bhatt, Ramanujam, and Appukuttan 

(1974) compared growth and nutrient uptake of 'PRH-30/2' (a short-branch 

cotton cultivar) with its long-branch parent, 'MCU-3T, and the short-

branch parent, 'PRS-74*. They found that PRH-30/2 accumulated much less 

dry matter in its vegetative parts and had a lower LAI than MCU-3. Its 

maximum LAI coincided with maximum NAR after flowering indicating higher 

photosynthetic efficiency, whereas leaf growth appeared to reduce the net 

assimilation of MCU-3. 

It appears that major breakthroughs in the yield barrier can be 

obtained by changing plant shape to improve light interception without 

changing the fundamental processes of photosynthesis (Army and Greer, 

1967; Duncan et al., 1967; Duncan, 1971). 
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Morphological Characteristics 

The role of morphological characteristics of cotton is considered 

as an instrument of plant engineering. These characteristics may be used 

to modify the plant to solve specific problems (Kohel, 1973). The 

special problems of evaluating morphological characteristics, and of 

incorporating them into cultivars have been explored by many workers 

(Niles, 1970; Ray, 1970; Fisher and Stith, 1972). Kohel (1973) stressed 

the need for multidisciplinary involvement in evaluating morphological 

characteristics, defining problems, and specifying the appropriate plant 

engineering goals. A dwarf plant type with few sympods and less leaf 

area was most conducive for attaining high fruiting coefficient and, 

consequently, high yield of seed cotton (Bhardwaj, Nath, and Mehra, 

1971). In Australia, Low and McMahon (1973) found that the small-boiled 

cultivar, 'KK1543', had more bolls per plant than 'E298' through the 

whole range in populations (the row spacings were 18 and 100 cm with one 

plant every 10 cm). 

Management and climate and their interactions can modify the 

vegetative and fruiting responses of cotton. These complex factors 

demonstrate possibly why there are so many conflicting reports in the 

literature as to the influence of management practices on moiphology and 

fruiting of cotton. The effects of high plant population on plant 

morphology, however, have been similar regardless of planting pattern. 

Plant morphology is also affected by planting patterns irrespective of 

population (Gerard and Reeves, 1974). 
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Increasing density of plants leads to increased LAI and decreased 

NAR (Niciporovic, 1955). Thus, it seems that in order to obtain a highly 

effective LAI, a change in the shape, size, and orientation of the cotton 

leaf is necessary. 

The superokra-leaf mutant (1°L°) in cotton is characterized by 

deeply cleft and narrowly lobed leaves with less surface area per leaf 

and greater vertical orientation of leaves than normal-leaf cotton 

(Thomson, 1971). This type of orientation allows greater penetration of 

solar radiation to lower leaves, which results in the exposure of a high 

percentage of the leaves to light (Andries et al., 1969a; Andries et al., 

1969b; Buxton and Stapleton, 1970). 

According to Johnson and Walhood (1970)> a 25 x 50 cm spacing of 

cotton achieved an early growth advantage because of intercepting more 

light sooner than 102 cm. Greater light interception was the result of 

two factors: (1) faster leaf area development as measured by LAI, and 

C2) slightly greater efficiency of each unit of LAI in intercepting 

light. Increased productivity by narrow-row treatments is fairly well 

correlated with increased light interception (Johnson et al., 1974). 

Ashley, Doss, and Bennett (1963b) studied seasonal growth of 

cotton in terms of leaf area and its relation to yield characteristics. 

They found that approximately 6 weeks after planting the LAI was 5. 

Their data showed a positive relationship between leaf area fas LAI 

increased from 1.0 to 4.0) and total fruiting. Johnson and Addicott 

(1967) showed that seed cotton yield and percent boll retention were 

significantly reduced in partially defoliated treatments; however, no 
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difference existed when seed cotton yield was expressed as a function of 

maximum leaf area developed. In another study, close relationship 

existed between lint yield DM production and leaf area duration (LAD) 

(Marani and Levi, 1973). Lint yield was reduced with smaller values of 

LAD and DM. 

Studies with widely spaced plants have emphasized the physio

logical basis of response to shade, and have illustrated the manner in 

which plant species differ in this respect. This approach may, therefore, 

assist in understanding the much more complex problem of the influence of 

light on crop growth (Evans, 1972; Huxley, 1964). Ample evidence has 

shown that the structure of the cotton plant is modified by spacing 

(Brashears, Kirk, and Hudspeth, 1968; Ray, Hudspeth, and Holekamp, 1959; 

Eaton, 1955). High populations modify plant characteristics by increasing 

the height of the first branch and often decreasing plant height (Burhan, 

1964; Briggs and Patterson, 1969; Briggs, 1971), length and number of 

branches, stem diameter, and total nodes CBurch, 1970). Lane (1956), 

Buxton, Briggs, and Patterson (1973), Bilbro (1968), Watkins (1974), 

El-Zik, Cato, and Merkle (1971), Hoskinson, Mullins, and Overton (1972), 

and Peacock, Reid, and Hawkins (1971) observed that close spacing reduced 

the number of vegetative limbs and bolls per fruiting branch and raised 

the first square to a higher node. 

El-Zik et al. (1971) reported that the height of the first fruit 

was greatest at the widest row spacing in an irrigated test and was not 

affected by row spacing in a dry land test. 
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Dry Matter Production 

Increasing plant population by changing within- or between-row 

spacing decreases the dry weight of an individual plant but increases the 

dry weight per unit area of the above-ground plant parts (Eaton, 1955; 

Lane, 1956; Watkins, 1974; Peebles, Den Hartog, and Pressley, 1956). 

Brashears et al. (1968), and Kirk, Brashears, and Hudspeth (1969) 

compared single- and narrow-row spacings. They found that dry weight of 

cotton leaves, branches, and stems per plant decreased and dry weight 

per hectare increased as plant population increased and row width 

decreased. Wanjura and Hudspeth (1964) reported that dry weight per 

plant of stems, branches, and leaves were lower from narrow-row, high 

population plantings than from conventional single-row cotton. Daniel 

and Walker (1963) compared three rows per 102-cm bed and one row per 

102-cm bed and reported increased oven-dry weights of fruit and vegeta

tion per unit area for the high population treatment. 

Narrow-row plantings can be especially important in increasing 

dry matter productivity under stress conditions such as salt, limited 

rooting zone (shallow soils), and severe verticillium wilt (Johnson et 

al., 1974). Results from studies conducted in the San Joaquin Valley 

(Johnson and Walhood, 1970; Johnson et al., 1974) showed that dry matter 

production increased in narrow-row treatments compared to conventional 

plantings, and that the relative increases of lint and dry matter produc

tion were equal, indicating no reduction in harvest index (fruiting 

efficiency) in the narrow-row treatments. Hoffman et al. (1971) reported 

that the relative yield of dry matter and leaf area as a function of 
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salinity was similar at all relative humidities, indicating that no 

interaction between salinity and relative humidity occurred. 

Flowering and Fruiting 

Recent interest in close-row spacing as a management technique 

has added new emphasis for the need to understand and control square and 

boll shedding. Mauney (1972) stated that there are several aspects to 

the limitation of fruiting positions. First, the plants may not grow as 

rapidly as possible. Second, the fruiting branches may not continue to 

elongate and form new nodes. Finally, there are many positions which 

form but are shed as squares or young bolls. 

Selection of a cultivar based on flower number would insure an 

increased number of matured bolls, irrespective of the shedding behavior 

according to research by Bhardwaj and Sharma ( 1 9 6 8 ) .  

Guinn (1973) maintained that a number of factors may contribute 

to poor fruiting of close-spaced plants; e.g., root competition for 

nutrients and water, accumulation of ethylene in the canopy, decreased 

photosynthesis due to mutual shading and competition for C^, or a 

combination of these factors. 

Plant spacing affects the rate of initial flowering per unit 

ground area and development of fruiting branches as well as time required 

to close the leaf canopy. Spacings narrower than the standard 0.91 to 

1.08 m between rows should theoretically shorten the time necessary to 

produce a cotton crop of a given yield (Briggs and Patterson, 1969, 1970; 

Ehlig et al., 1971). Narrow spacings permit high plant populations which 

will increase the initial flowering rate per unit of soil surface and 
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will decrease the number of bolls per plant required for a given level of 

production (Ehlig and Donovan, 1972). Ehlig et al. (1971) reported that 

with a density of 106,000 plants per hectare on double-row beds, 85% of 

the bolls in the first fruiting cycle were set within the first 3 weeks 

of flowering. 

Ehlig and Donovan (1972) reported that plants retained about 25% 

more bolls during the first fruiting cycle on double-row beds than on 

single-row beds at similar plant populations. Boll retention rates 

decreased on both treatments at about the same time. Since the flower 

production rate was adequate for additional boll retention when plant 

boll retention decreased, factors associated with the boll load were 

probably responsible for decreased boll retention as suggested by Ehlig 

and Lemert (1973). 

Baker (1974) also found that blooming rate of narrow-row treat

ments were higher than the conventional system and there were differences 

between the same population in different row patterns. Briggs (1973) 

noted that both narrow rows and high plant populations generally 

increased flower and boll production. Buxton, Briggs, and Patterson 

(1972) found that flower and boll production per unit area were greatest 

on double, compared to single, rows and both variables increased as 

population increased. 

Baker (1974) found that plants in the conventional check set 

approximately 50% of their flowers while plants in the narrow row treat

ments varied between 40 and 32%. Differences in blooming rates of some 

populations in different row patterns suggest differences in square 
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shedding rates. Data obtained by Taylor, Farr, and Richardson (1974) 

showed that cotton plants set a greater percent of the flowers that 

bloomed early in the fruiting season compared to those set late in the 

season. The data suggested that cotton planted two rows per bed, 30 or 

15 cm apart, compared to a single-row planting, developed more fruiting 

points throughout the growing season. 

According to Dale (1962), loss of an early formed cotton crop 

should be minimized where possible by correct agronomic practices such as 

timely sowing, correct spacing, careful weed control, pest control, and 

so on. Such practices may not only reduce shedding directly, but may 

also help to extend the period over which crop production occurs (Dale, 

1960). 

Conditions that determine the balance between photosynthesis and 

respiration affect shedding [Cams, 1972; Johnson, 1967). The cotton 

plant is sensitive to variation in amount of light as shown by vegetative 

growth and amount of fruit set under different light conditions. Low 

light intensity could become even more critical with high plant popula

tions (more than 100,000 plants/ha), rank growth, or a combination of the 

above conditions (Guinn, 1974a). 

Several days of cloudy weather will increase shedding of squares 

and young bolls according to several researchers (Carns, 1972; Mason, 

1922; Dunlap, 1943; Hawkins, Matlock, and Hobart, 1933). Recent computer 

modeling studies using presently available data on photosynthetic effi

ciencies in cotton suggest that at low light intensities, the cotton 

plant may not produce sufficient photosynthate to accommodate its full-

boll setting potential (Hesketh, Baker, and Duncan, 1971). 
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Mason (1922), Dunlap (1945), and Eaton and Rigler (1945) studied 

the effect of light intensity on abscission and found that fruit abscis

sion was accelerated by low light intensity. Carbohydrates were also 

reduced; therefore, low light intensity may have had an indirect role on 

abscission. Recent work by Guinn (1974b) also showed that nutritional 

stress induced in cotton plants by subjecting them to low light intensity 

increased the rate of boll shedding and later the rate of square 

shedding. 

Although the nutritional balance theory of shedding appears to 

explain many of the questions about bud and boll shedding, it is, in 

certain respects, inadequate. During recent years, considerable specula

tion has emerged as to the role of hormones in determining the amount of 

bud and boll shedding. 

Early studies (Dunlap, 1943; Hawkins et al., 1933; Mason, 1922; 

Wadleigh, 1944) indicated that nutritional factors can be closely 

associated with boll shedding. However, Eaton and Ergle (1953) found 

only small differences in patterns of carbohydrates and nitrogen accumula

tion among plants which were shedding at different rates, or between con

trol plants and plants which were sprayed with sucrose, urea, or both. 

They discounted nutritional interpretations and suggested that hormonal 

interactions were primarily responsible for shedding. 

Addicott and Lynch (1955) mentioned that the nutritional balance 

theory adequately answered most questions concerning cotton fruit abscis

sion. However, recent and extensive research by Morgan and co-workers 

(Lipe, 1971; Beyer and Morgan, 1971; Morgan et al., 1971; Lipe and Morgan, 
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1972; Morgan, 1973), and Addicott and associates (Johnson and Addicott, 

1967; Davis, Lyon, and Addicott, 1972a, 1972b; Borman, Addicott, and 

Spurr, 1966; Lyon, Ohkuma, and Addicott, 1972; Addicott and Lyon, 1972) 

indicated that ultimate regulation of square and fruit abscission in 

cotton is achieved by the balance of juvenile factors -- auxins, 

gibberellins, and cytokinin « and senescence factors — abscisic acid 

(ABA) and ethylene — as well as the interrelationship between these 

hormones and environment. 

More recently, Guinn (1976) expressed the view that the nutri

tional and hormonal theories are not incompatible and that nutritional 

stress may cause changes in growth regulator levels that promote 

abscission. 

Early and recent research have repeatedly regarded nutrition as 

an important factor in boll shedding. Mason (1922) reported that the 

removal of foliage leaves from plants on which there were a number of 

maturing bolls resulted in abscission of 96.5% of the young bolls within 

a period of 9 days. He concluded that the proportion of bolls shed over 

any given period was the result of two factors: the rate at which food 

was synthesized by the plant and the rate at which it was utilized in the 

maturation of the fruit. Eaton and Rigler (1945) found that limited 

carbohydrate supply was responsible for most boll shedding. 

Purine and pyrimidine bases and their analogues affect flowering, 

fruiting, and yield indirectly through their effect on the metabolism of 

leaf and stem which affects subsequent morphogenetic phenomena, such as 

flowering and fruiting (Sharma and Mather, 1970). 
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Walhood (1955) sprayed whole cotton plants with 100 ppm indole 

acetic acid (IAA) at weekly intervals during July and August and found 

that boll retention was significantly increased for flowers which were at 

anthesis on the day of treatment. However, this increase was followed by 

less retention between sprayings so that there was no difference in total 

boll retention for the season. Bhardwaj, Santhanum, and Krishnamourthy 

(1963) studied the effect of preplant soaking seed in 10 ppm aqueous 

solution of naphthalene acetic acid (NAA) for 24 hours on growth, 

development, and yield of Cambodian cotton ((3. hirsutum). They noticed 

an increase in yield of seed cotton ranging from 17 to 25%, and 

attributed this increase to increased boll setting. 

NAA sprays, irrespective of fertilizer level (i.e., low or high), 

enhanced the number of flowers opened and boll set, which were brought 

about by arresting premature drop of buds and bolls in studies by 

Bhardwaj and Santhanum (1964). Walhood (1957, 1958) also found that boll 

retention could be increased to almost 100% when 0.25 ml of gibberellic 

acid (GA) was applied to the calyx cup of 1-day-old bolls. Spraying 

whole plants at the rate of 18 g of GA in 48 gallons of water per acre 

decreased the percentage of boll abscission and increased the number of 

bolls that set per plant (Millhollon, 1961). 

Bhardwaj and Dua (1972) evaluated hormonal basis of cultivar 

variation of boll-shedding in cotton. They based cultivar differences on 

differences in the endogenous levels of auxins and gibberellins in seed, 
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abscissins in pericarps, and in distribution pattern of cytokinins in 

seed and pericarps. These differences appeared to be related to inherent 

variations in the relative growth rates of bolls and of seed and the 

magnitude of seed abortion. Increased levels of abscisic acid in 6-day-

old bolls may promote shedding as reported by Guinn (1974b). 

Among groups of plant hormones, ethylene has been the subject of 

much recent interest (Freytag, Wendt, and Lira, 1972). Ethylene has also 

been regarded as a growth regulator that has a wide variety of potential 

agricultural uses, including cotton production (Morgan, 1973). This is 

true, at least in part, because of the numerous ways ethylene regulated 

plant processes may be manipulated. Fortunately, most of the research on 

ethylene has been done with the cotton plant. The fact that both ethylene 

and auxin have many similar effects on plants is explained by the fact 

that ethylene synthesis is promoted by auxin. This principle has been 

confirmed by many scientists (Pratt and Goeschl, 1969; Morgan, Beyer, and 

Gausman, 1968). On the other hand, others found that ethylene and auxin 

have a few opposite effects and are explained by the ability of ethylene 

to promote auxin breakdown and inhibit auxin movement (Beyer and Morgan, 

1971; Morgan et al., 1971). 

According to Hall et al. (1957), response to ethylene varies with 

species, tissue, age, experimental conditions, and concentration. They 

also reported that cotton flowers and buds will abscise earlier or at 

lower ethylene concentration than leaves. 

Heilman, Meredith, and Gonzalez (1971) applied ethylene at rates 

-12 -12 
of 9.3 x 10 to 18.6 x 10 moles/ml to fruiting field-grown cotton 
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-12 
plants enclosed in plastic. They found that the 10.8 x 10 moles/ml 

caused a significant increase in abscission of immature bolls. Lipe 

(1971) and McAfee and Morgan (1970) reported that ethylene is a hormonal 

regulator of boll dehiscence. Later, Guinn (1974b) supported this state

ment when he reported that increased rates of boll shedding, caused by 

low light intensity, were probably caused at least in part by increased 

rates of ethylene production. 

Ethylene production of cotton petioles increases during water 

stress and plants often defoliate when severe stress is relieved by 

watering (McMichael, Jordan, and Powell, 1972). Rapid leaf defoliation 

of stressed plants treated with ethephon indicated that events are 

occurring during stress which facilitate defoliation once the stress is 

relieved. These events may be general senescence or specific hormonal 

changes such as enhanced ethylene production, altered auxin transport, 

or reduced auxin synthesis. 

Boll Characteristics 

Stansel (1927) stated that since yield depends on the size and 

number of bolls, there must be a point where the largest boll size and 

greatest number of bolls will give the highest total yield. Hawkins and 

Peacock (1971), studying the response of 'Atlas' cotton to variation in 

plants per hill and within-row spacing arrangements, found that the 

largest bolls were produced at the 60-cm spacing and two plants per hill. 

Briggs and Patterson (1969, 1970) conducted extensive studies on fiber 

properties and boll characteristics of cotton produced under high plant 

population. They found that high plant population reduced boll size but 
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had little effect on fiber properties. Ample evidence has been estab

lished that boll size is reduced by increasing plant population or by 

reducing the distance between rows (Buxton et al., 1972; Kirk et al., 

1969; Burhan, 1964; Bridge, Meredith, and Chism, 1973; Robinson and 

Cudney, 1973; Johnson and Walhood, 1970). 

Fangmeier et al. (1974) reported that plants grown at 150,000 

plants/ha produced significantly more seed per boll than plants at a 

density of 225,000 plants/ha. 

Fertilization and seed development are required for a boll to be 

retained. Leopold (1962), and Crane (1964, 1969) found that, upon 

fertilization, a stimulus is created that establishes a high metabolic 

gradient between ovules and ovaries on one hand and vegetative organs on 

the other. The gradient diverts the flow of food materials from vegeta

tive organs and produces, in short, a mobilization effect. Dale and 

Milford (1965) pointed out that fertilization in cotton sets in motion a 

nutritional polarity of a unique kind, and shedding results if this 

polarity is not established or maintained. Results obtained by Johnson 

and Addicott (1967) can be interpreted as supporting the view that boll 

retention depends on the presence of a sufficient number of developing 

seed to mobilize the assimilates required for continued growth and upon 

the availability of assimilates as governed by the vegetative-reproductive 

status of the plant. 

Fiber Quality 

The effects of plant population and row spacing on fiber quality 

have been inconsistent. Wanjura and Hudspeth (1963), Burhan (1964), 
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Wilkes and Hobgood (1966), IVendt and Ray (1971), and Metzer and Hefner 

C19723 reported no effects on fiber quality. Buxton et al. (1972), 

Robinson and Cudney (1973), Bridge et al. (1973), and Briggs and 

Patterson (1970) pointed out that reduction in fiber fineness was the 

only detrimental effect of high plant population on fiber quality. 

According to Briggs (1971), both micronaire and fiber strength were 

reduced by close spacings. However, Hefner (1971) reported greater fiber 

strength and micronaire with double row cotton compared to conventional, 

single row, upland cotton. Most researchers demonstrated that fiber 

length was not affected by narrow rows (Hawkins and Peacock, 1971; Bridge 

et al., 1973) and that fiber fineness was the only fiber characteristic 

affected by row width (Baker, 1974; Bridge, 1974; Hawkins and Peacock, 

1973). 

Yield 

Several yield comparisons have been made with cotton grown on 

conventional single rows and other planting systems. Results have been 

variable. Buxton et al. (1973) found that at a given plant population 

two rows per bed yielded higher than single rows regardless of bed size. 

Results of their experiments also indicated that narrow rows are impor

tant in providing a cotton grower a method to equal or increase yield 

with less production inputs and a shorter growing season. This fact has 

also been established by other workers (Johnson et al., 1974; Taylor, 

1971; Metzer and Hefner, 1972). 

El-Zik et al. (1971) found variable results with several dryland 

and irrigated experiments with the results generally favoring narrow 
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rows. Research conducted in the irrigated southwest and elsewhere has 

demonstrated the ability of upland cotton to adapt to a wide range of 

plant densities without a marked effect on yield. In their reviews, 

Wilkes and Curley (1968) s Kirk et al. (1969), and Wanjura and Hudspeth 

(1963) cited research indicating insignificant yield differences within 

the range of approximately 37,000 to 185,000 plants/ha for cotton grown 

in single rows on 102-cm beds. Ray et al. (1959) found insignificant 

yield differences with plant populations ranging from 50,000 to 120,000 

plants/ha. Burch (1970) reported reduced yields due to small boll size 

and fewer bolls/ha at high plant populations. Hawkins and Peacock (1970) 

found that plant populations of 168,578 and 84,289 plants/ha yielded 

significantly more lint than a population of 56,192 plants/ha. Mean 

yields increased for each increase in population and the highest popula

tions produced the greatest yield. Hawkins and Peacock (1971) also 

reported maximum yield within the range of 96,330 to 144,495 plants/ha. 

Johnson and Walhood (1970), and Bridge (1974) found that narrow rows 

yielded up to 12% more than single-row plantings. Briggs and Patterson 

(1969), Briggs (1971), Buxton et al. (1973), Hawkins and Peacock (1973), 

Jackson (1972), McCutcheon (1971), Ehlig and Donovan (1972), Ehlig et al. 

(1971), and Van Schaik (1963) also reported similar yield increases with 

narrow rows. Peacock et al. (1971) and Wilkes and Hobgood (1966) had 

different results than above and reported equal or lower yields for 

narrow-row versus conventional cotton plantings. 

Lack of yield response in narrow-row cotton research has been 

reported by several workers (Hawkins and Peacock, 1973; Peacock et al., 



1971; Fisher and Stith, 1972). Plant populations in the aforementioned 

studies ranged from 111,150 to 256,000 plants/ha. 

Variable results have also been obtained from plant density 

comparisons. Kirk et al. (1969) compared within- and between-row 

spacings and reported that greatest lint yields were obtained from 12.7-

cm row width with 8.4- and 23.9-cm plant spacings. 

Buxton et al. (1972) presented data indicating no differences in 

yield for narrow-row cotton when the population exceeded 148,200 compared 

to 74,100 plants/ha. Maximum lint production was obtained from popula

tions of 236,626 and 247,000 plants/ha according to El-Zik et al. (1971), 

Hoskinson et al. (1972), Jackson (1972), and Bridge et al. (1973). 

Briggs (1973) reported a small but significant yield difference favoring 

a population of 148,200 plants/ha over 222,300 plants/ha. Additional 

research by Buxton et al. (1973) showed that in 1971 lint yield increased 

as population increased to 296,400 plants/ha but the maximum yield in 

1972 was from the intermediate population of 148,200 plants/ha. 

It has been stated that an adequate growth rate early in the 

season is associated with a high lint yield (Ashley, Doss, and Bennett, 

1965; Marani and Levi, 1973). According to these findings, adequate 

irrigation during the early part of the season insures a satisfactory 

rate of vegetative growth which is necessary for the production of high 

lint yield. Several other workers found that delaying the first irriga

tion until the beginning of flowering did not affect lint yield (Levin 

and Shemilli, 1964; Marani and Amirav, 1971) and, in one case (Stockton, 

Carreker, and Hoover, 1967), yield was increased. 
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Briggs and Patterson (1969) found that adequately irrigated 

drilled cotton having populations of 101,600 to 317,500 plants/ha pro

duced approximately equal amounts of lint. When the plants were stressed 

for moisture, yield decreased as population increased. Briggs (1971) 

also reported that yield was not affected by plant populations within the 

range of 74,100 to 197,600 and 74,100 to 222,000 plants/ha at Phoenix and 

Yuma, respectively. 

Effect of Apex Removal on Growth and Yield 

Research on apex removal is limited. Although the physiology of 

apical dominance has been studied extensively, the effect of this 

phenomenon in cotton has been rarely mentioned. Therefore, it seems 

worthy to present a brief review concerning this phenomenon. 

Apical dominance is a general term which is used to denote the 

correlative influence of the apex, or dominant shoot, on growth and 

orientation of lateral buds, leafy shoots, stolons, branches, and leaves. 

With respect to the inhibition of lateral growth by the apex, there has 

been a tendency to assume that the same basic mechanism of inhibition 

exists in all species irrespective of age or stage of development of 

lateral shoot. However, the amount of conflicting data which have 

accumulated over the years suggests that control of lateral shoot growth 

probably involves complex interactions between nutritional factors 

(Goeble, 1900), anatomical structure (Goodwin, 1967), stage of development 
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(Gregory and Veale, 1957), growth promoters and growth inhibitors (Wooley 

and Wareing, 1972a; Phillips, 1969b; Burg and Burg, 1968). The relative 

importance of these factors may vary both with respect to apical dominance 

studied and the conditions under which the investigations were carried 

out. According to Wooley and Wareing (1972b), a review of the many 

detailed studies of apical dominance suggests that distinctions should be 

made between: (1) the initial release from dominance of totally 

inhibited buds and subsequent growth of the bud, as shown by the work of 

Sachs and Thimann (1967); (2) between species which, at the stage of 

development being studied, show strong or weak apical dominance; and 

finally (3) between species which show strong apical dominance under 

environmental conditions of poor mineral or carbohydrate nutrition. 

Gregory and Veale (1957) found that the higher the nitrogen 

supply to flax (Linum ustatissimum L.) plants the greater the number of 

buds that grew, both before and after decapitation. The factor that 

determined which buds grew seemed to be the extent of vascular differ

entiation to the bud. The inhibitory effect of auxin on lateral bud 

growth under conditions of low nitrogen was explained by postulating that 

auxin impedes the differentiation of bud vascular connections to the main 

stele, an idea which has obtained much credence from the work of Sachs 

(1970). 

The evidence against a primary role of vascular connections in 

the release of inhibited buds, however, is extensive (Wardlow and 

Mortimer, 1970). Goodwin (1967) found that vascular connections to 

inhibited and uninhibited buds of potato (Solarium tubersom L.) were 
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equally developed. Although growth of axillary buds has been associated 

with the formation of bud-stem xylem connections (Sorokin and Thimann, 

1964), or with bud-stem phloem connections (Panigrahi and Audus, 1966), 

it is unlikely that these connnections were related to bud release per se 

(Ali and Fletcher, 1971). 

The hormonal factor which interacts with other hormones in the 

phenomenon of apical dominance may well be a root-produced cytokinin 

since the control of lateral shoot growth and development in potato 

Solanum andigena has been shown to be influenced by an interaction 

between auxins, gibberellins, and root-induced cytokinins (Wooley an(j 

Wareing, 1972a, 1972b; Kumar and Wareing, 1972). Wickson and Thimann 

(1958) found that kinetin antagonized the inhibitory effect of indole-3-

acetic acid (IAA) on lateral bud growth of isolated pea (Pisum sativum L.) 

segments and to promote the growth of lateral buds when supplied to the 

bases of shoots with intact apices. Sachs and Thimann (1967) suggested 

that lateral buds may be inhibited because they are unable to synthesize 

cytokinins, possibly due to auxin originating from the stem apex, but 

that auxin from the bud itself may stimulate cytokinin synthesis. 

Evidence does exist, however, to suggest that cytokinins originating from 

roots may be involved in apical dominance (Osborne, 1962). 

Wooley and Wareing (1972b) pointed out that auxin influences both 

the type of cytokinin present in the tissue, directly affects the trans

port of these compounds, and, finally, since these compounds appear to 

have different transport characteristics, indirectly affects cytokinin 

distribution through an effect of cytokinin metabolism. 
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A change in environmental conditions would be a possible means of 

altering the degree of apical dominance. Light intensity, supply of 

mineral nutrients, and water stress are among factors which are known to 

affect growth of lateral shoots, but none of these would be entirely 

suitable for this purpose since they are all likely to cause changes in 

the supply of major metabolites such as carbohydrates and amino acids 

(Tucker and Mansfield, 1972). 

According to Allsopp (1964), while bud dormancy imposed by 

environmental factors is usually short-lived and seasonal, that imposed 

by apical dominance may last for the lifetime of the apex. It is clear 

from the work of Gregory and Veale (1957), Scott, Case, and Jacobs 

(1967), and Phillips (1969a) that nutritional conditions affect the 

response of axillary buds or shoots to hormone treatments, and yet 

inhibited buds do not appear to be deficient in nitrogen, potassium, or 

phosphorous. It would therefore seem possible that mineral nutrition may 

be affecting the production of some hormonal factors which interact with 

other hormones in the phenomenon of apical dominance (Phillips, 1968). 

Studying the effect of light quality on apical dominance in 

cocklebur (Xanthium strumarium L.) and the associated changes in endo

genous levels of abscisic acid and cytokinins, Tucker and Mansfield 

(1972) found that the spectral distribution of illumination had a marked 

influence on the levels of cytokinins and abscisic acid in the plant and 

was correlated with the degree of branching. The cytokinin content was 

much higher in inhibited than released buds. The concentration of the 

inhibitors in inhibited buds was 50 to 250 times that occurring in all 
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other plant parts. Hence, Tucker and Mansfield (1972) postulated that 

the cytokinins present were probably not able to participate in bud 

growth because of an accumulation of inhibitors resembling abscisic acid. 

In conclusion, although numerous studies have been made on apical 

dominance, no well-established explanation has been found. This indi

cates the complexity of this problem. Nevertheless, many theories, 

speculations, and suggestions have been presented in an attempt to give 

an adequate and reasonable explanation. Some of these are: (1) the 

"nutritive" theory (Goeble, 1900), (2) the "diffusible" theory (Snow, 

1945), (3) the direct (Thimann, 1937) and indirect (Snow, 1938) theories 

of auxin inhibition, and, recently (4) the delicate interaction between 

growth regulators, and environmental conditions which may be expected to 

change their endogenous level (Phillips, 1969a, 1971; Burg and Burg, 

1968; Wooley and Wareing, 1972b, 1972c; Tucker and Mansfield, 1972). 

Research on branch and other organ orientation in cotton has been 

scarce. Palmer and Phillips (1963) found that the repeated application 

of 0.1% IAA paste to the stem of sunflower (Helianthus annus L.) 

following decapitation reduced the period of petiole extension growth 

below that of the decapitated untreated plants and induced an "epinastic" 

curvature in the petiole. Later this curvature disappeared as the 

petiole straightened in a new orientation position that was 20 to 40° 

greater than the decapitated untreated plants. Palmer (1964) and Palmer 

and Phillips (1963) concluded that the duration of petiole extension 

growth was subject to correlative control and that the normal tendency 

for the orientation angle between the petiole and the stem to increase 



with age was also a correlative phenomenon. The imbalance in auxin 

transport was considered to be the physiological basis of branch epinasty 

according to Lyon (1963). 

Snow (194S) pointed out that plagiotropism and liability to 

correlative inhibition excluded each other in the lateral buds of the 

orthotropic main shoots of a wide range of species, and also in lateral 

organs other than shoots. Further experiments on plagiotropism and 

correlative inhibition by Snow (1947) showed that hetero-auxin in lano-

line can act in place of developing leaves in keeping a branch epinastic 

and so plagiotropic, either when applied to the end of the branch if the 

branch has been decapitated, or when applied to the end of the main shoot 

if that has been decapitated. Abies and Rubinstein (1964) examined the 

production of ethylene by stem halves following horizontal orientation 

with respect to gravity. They found an asymmetric distribution of 

ethylene production correlated with theoretical levels. Other treatments 

to lower endogenous auxin levels, i.e., decapitation, ringing with TIBA, 

or application of growth retardants lowered ethylene production (Morgan, 

1967). 

TIBA is known to inhibit auxin transport (Lyon, 1963; Morris, 

Kadis, and Barry, 1973). A recent study was conducted by Freytag and 

Coleman (1973) who found that application of TIBA to cotton plants failed 

to produce morphological response of epinasty in cotton although it 

succeeded in altering morphological characteristics in soybean, as had 

been reported by Bauer, Sherbeck, and Ohlrogge (1969), Greer and Anderson 

(1965), and Anderson (1966). 
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Cotton research workers have attempted to control plant size by 

various means, some of which are: (1) mechanical pruning (Williamson and 

Thomas, 1973), (2) chemical topping (Cathey et al., 1966; Steffens and 

Cathey, 1969), (3) removing apex by hand (Singh and Sanyal, 1968), and 

(4) use of a mild-water stress (Briggs and Patterson, 1969; Metelerkamp 

and Cackett, 1970). Data obtained by Williamson and Thomas (1973) indi

cated that mechanical pruning had very little effect on such factors as 

seed and lint moisture, foreign matter content of machine harvested seed 

cotton, and fiber quality. 

Several reports by Cathey et al. (1966), Steffens, Tso, and 

Spaulding (1967), Tso (1964), and Steffens and MacKee (1969) showed that 

the fatty acid methyl esters and alcohols with chain length CQ to C--
o iZ 

were highly active in selectively killing or inhibiting axillary bud 

growth of tobacco (Nicotiana tabacum L.) and terminal bud growth of a 

wide variety of plants. However, without the proper type and amount of 

surfactant, these esters and alcohols exhibit nonselective tissue kill 

(Steffens and Cathey, 1969). 

Of the materials tested by Cathey et al. (1966), methyl nonanoate 

and methyl decanoate caused chemical pruning in cotton at a concentration 

of 0.025 to 0.05 M. Smith and Ray (1970) reported that terminal growth 

of cotton plants was retarded following application of maleic hydrazide 

or Maintain CF 125. Using two-season, terminal growth retardants, 

cycocel and maleic hydrazide, Williamson and Thomas (1973) found that 

both chemicals caused reduction in yield. 
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Johnson (1969) found that topping, based on node development, 

reduced yield with two narrow rows (12.7 x 102 and 25.4 x 50.8 cm) but 

not in 107-cm rows. Reporting on the effect of topping in cotton, Singh 

and Sanyal (1968) concluded that the removal of growing points from the 

main stem or from the main stem plus lateral branches 40 days after 

flower initiation, arrested plant growth, increased the number of 

sympodial branches, and bolls/plant and resulted in average lint yield of 

806 and 724 kg/ha, respectively, compared with 585 kg/ha from plants with 

intact growing points. The removal of growing points 20 days after 

flower initiation decreased yields. 

According to Dunlap (1945), no outstanding impairment of fruiting 

activity or yield was caused by topping cotton. Williamson and Thomas 

(1973) investigated the effect of chemical and mechanical topping on 

cotton growth and yield and concluded that the effect of pruning is 

quite unpredictable with regard to yield. 

Singh and Garg (1969) studied the effect of decapitation, 

ascorbic acid (AA), gibberellic acid (GAg) , and kinetin on the initiation 

of lateral branches in cotton. They found that lateral branches 

initiated earlier in decapitated plants. Among the growth regulators 

used singly, AA showed earliest branch initiation in all plants. Com

bined treatment with 100 mg/1 AA and 20 mg/1 GAg showed a synergistic 

effect and caused the initiation of lateral branches earliest of all 

chemical treatments although it occurred slightly later than with decapi

tation. The number of branches was significantly higher in plants 

treated with AA and GA^ simultaneously, being the highest with 100 mg/1 
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AA and 20 mg/1 GAg. Kinetin and GA^ had no marked effect on number of 

branches produced per plant. They emphasized that all the branches were 

sympodial and no vegetative branch was produced. 

Van Steveninck (1958) found that abscission was delayed on yellow 

lupine plants (Lupinus luleus L.) from which laterals or their terminal 

axillary buds were removed. There was no apparent effect on flower 

abscission, but pod abscission increased as a result of defoliation. 

Defoliating the main stem enhanced the effect of growth substance (IAA, 

NAA, and TIBA) applied on laterals. 

Boll Rot and Insect Damage in Cotton 

Ari2ona probably had less boll rot in 1972 than in the previous 

10 years. Estimated losses rarely exceeded 1% and most were less than 

.5%. Aflatoxin levels were almost undetectable in cotton seed harvested 

during October and early November from areas normally noted for producing 

aflatoxin contaminated seed as reported by Russell (1974). He attributed 

the reduced amount of aflatoxin contaminated 1973 Arizona seed to: (1) 

abnormally light and late pink bollworm infestation in most fields; (2) 

complete lack of rainfall during boll opening; and (3) less crop vegeta

tive growth resulting from late planting. 

Increasing interest in narrow-row cotton culture promoted 

research to determine the effects of this planting system on insect popu

lations as compared with the conventional system. According to Rummel 

and Bothrell (1973), on a per area basis, the total arthropod population 

was about two times greater in 25-cm row plots than in 50-cm row plots 
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and four times greater in 25-cm row plots than in 100-cm row plots. On a 

per plant basis, however, there were no large differences. 

Bagga et al. (1973) found that the percent boll-rot potential, 

visible internal infection and leakage, and boll-rot losses were highest 

in 25-cm rows, second in 50-cm rows and least in 100-cm rows. Among all 

varieties evaluated, Stoneville 7A superokra leaf had the least boll-rot 

and ' DSR 6-19-66' had the highest. 



MATERIALS AND METHODS 

The experiments for this study were conducted at The University 

of Arizona Marana Farm during 1971 and 1972. The soil type is classified 

by a fine, silty, mixed thermic family of Anthropic Torrifluvents (Pima 

clay loam). The previous crops in 1970 and 1971 were barley CHordeum 

vulgare L.) and sorghum (Sorghum vulgare L.), respectively. Land prepara

tion included disking prior to and after plowing. The field was listed 

to 102-cm beds. Beds were shaped prior to the preplant irrigation. For 

weed control, a mixture of Treflan (a,a,a,-triflouro-2,6-dinitro-N,N-

diprophyl-p-toluine) and Karmex [3-(3,4-dichlorophenyl)-l,l-dimethylurea] 

was applied and incorporated preplant at a rate of 0.9 liter/ha and 1.12 

kg/ha, respectively. Cultivation after planting was not necessary. 

Nitrogen was applied in the irrigation water on June 1 and June 7 

at the rate of 90 and 112 kg/ha in 1971 and 1972, respectively. Other 

practices were kept as standard for narrow-row cotton. 

The cotton cultivar Stoneville 213 was planted two rows 35 cm 

apart per 102-cm bed on April 13, 1971. A soil crusting problem resulted 

in an unsatisfactory stand and the test was replanted on May 12. In 1972, 

the planting was made on April 11. In both years, after approximately 1 

month, plants were thinned to three plant populations: 7.4, 14.8, and 

22.2 plants/m (74,130, 148,260 and 222,390 plants/ha, respectively). In 

1971, the experiment was a 2 x 3 factorial with three populations and two 

apex removal treatments (a control and one apex removal), replicated four 
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times. An additional apex removal treatment was added during the 2nd 

year in order to determine whether early or late apex removal would 

result in a different response. In 1971, the apex removal was made on 

July 22 CIO days after first flower). In 1972, the early and late apex 

removal treatments were made on June 21 (at first flower) and July 5 (14 

days from first flower), respectively. All results were statistically 

analyzed by use of the analysis of variance and Student-Newman-Keuls' 

Multiple Range Test. 

In both years, plots were 15.2 m long and four beds wide with the 

two middle rows used for yield, flowering, and growth analysis studies. 

The two outside beds served as buffer rows to eliminate border effect. 

The two middle beds of each plot were first divided into equal parts; 

each 7.6 m long. One half of the plot was used for growth analysis 

sampling and for flowering and boll shedding studies, whereas the other 

half was harvested for yield. The half sampled for growth analysis was 

divided into five sections, each 1.5 m long. Five sampling dates were 

assigned to the areas at random. In the first year, four sampling 

dates were used. Sampling started on July 22 and continued every 2 weeks 

until September 2. In the second year, five samples were taken with 

sampling starting on June 21 and continuing every 2 weeks until August 

16. Each sample consisted of five plants. One representative plant was 

selected for leaf area and other plant characteristics. The following 

parameters were determined for each sample: (1) plant height; (2) dry 

weight of leaf blades, petioles, steins, and squares plus bolls; (3) number 

of squares; and C4) number of bolls. Plant height measurements were made 
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from ground level to the tip of the terminal bud for plants with intact 

apices and from ground level to the point where the apex was removed for 

the apex-removed plants. Another plant height measurement was made at 

harvest. Plant height was measured from the soil level to the uppermost 

open bolls regardless of the point at which the apices were removed. 

Crop growth rate (CGR) and NAR were calculated according to formulae 

developed by Radford (1967). 

Measurement of Leaf Area 

Fully expanded leaves were stripped from the entire plant. 

Petioles were separated from leaf blades. In the first year study, leaf 

blades were put between transparent plastic folders and Xeroxed to get an 

exact image. Then the outlines were cut and weighed. The weight was 

multiplied by a factor to give leaf area per plant from which leaf area 

per total sampling area was obtained. In the second year, an air-flow 

planimeter was used for leaf area determination. Leaf area index was 

determined by relating leaf area to unit area of land. 

Flower Tagging Study 

Flowers developed on plants in a 3.0 m segment in each plot (two 

rows on one bed) were tagged daily and the number of flowers tagged was 

recorded. Tagging started when the first flowers appeared. In 1971, 

tagging started on July 12 and continued until August 31. In the 2nd 

year, tagging started on June 26 and continued until August 26. Open 

flowers were tagged by attaching a small, plastic, dated tag to the 

pedicel. Boll shedding and retention were calculated by hand picking the 
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tagged bolls weekly or bi-weekly as the bolls opened. Picking continued 

until all bolls had opened. In 1971, picking started on September 21 and 

terminated on November 12. In the 1972 study, picking started on 

September 5 and continued until October 26. Boll shedding was calculated 

by subtracting the number of bolls that were retained from the number of 

tagged flowers. 

Bolls were picked separately and the seed cotton for each 

completely good boll was separated from the burr and put with its tag 

into a paper bag. Bolls which were completely or partially damaged were 

picked with the burr and put with its tag into a bag. 

Boll Characteristics and Fiber Properties 

All bolls from each picking were sorted according to the tagging 

date and evaluated as follows: 

CI) Good bolls. These were completely good bolls which did not allow 

any type of damage. A 10-boll sample was taken at random to 

determine boll characteristics and fiber properties. In some 

cases, where the number of good bolls at one harvest date was 

less than 10, less than 10 bolls were used for fiber analysis. 

(2) Damaged bolls. Damaged bolls were divided into complete or par

tially damaged bolls. Subdivisions were based on the type of 

damage, such as insect or boll rot. Physiological, weathering, 

and other types of damage caused by unknown factors were con

sidered as other. For each picking, seed cotton weight obtained 

from good bolls, damaged bolls, and the total seed cotton weight 

were determined. The fiber properties, length, strength, and 
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fineness were determined at The University of Arizona Cotton 

Laboratory by testing a 25-boll sample taken from each yield plot 

before harvest. 

Fiber length, strength, and fineness were determined with a 

Fibrograph, Pressley fiber strength tester, and Micronaire, respectively. 

Lint and seed were weighed separately and boll size, seed index, seed per 

boll, percent lint, and lint index were calculated. 

Yield 

In both years, plots were chemically defoliated. Plots were har

vested November 24, 1971, and November 7, 1972, with an A1lis-Chalmers 

stTipper harvester. Yield was obtained from the middle two beds of each 

plot. For each treatment, seed cotton weight was recorded and converted 

to lint/ha using the gin turnout, which was determined from 2.3 kg seed 

cotton samples. 



RESULTS AND DISCUSSION 

Morphological Characteristics 

Plant Height and Length of the Main Stem 

Measurements at harvest time showed that plant height from the 

three plant population treatments was similar in 1971 (Table 13. In 

1972, plants from the low and intermediate populations were similar in 

height and taller than plants from the high plant population treatment. 

Competition for light, water, and nutrients affects growth of 

plants under the intermediate and high populations. Late in the season, 

light, water, and nutrients become limiting; therefore, competition for 

growth requirements among plants in the intermediate and high populations 

becomes severe enough to cause a significant reduction in plant growth, 

including plant height (Tig* 1)• 

Length of the main stem of plants whose apices were removed 

remained constant regardless of plant population, as would be expected 

since the main stem apex was removed (Pig. 2). 

Plant Size and Structure 

Apex removal modified plant size and structure through changing 

the orientation of branches and other organs. The effect of apex removal 

on the size and geometry of plants grown under the three plant popula

tions is shown in Figs. 3, 4, and 5. The influence of decapitation on 
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Table 1. Effect of plant population and apex 
removal on plant height at harvest. 

Plant height (cm) 

1971 

2 
Population (plants/m 3 

7.4 111.8 a* 

14.8 115.1 a 

22.2 111.8 a 

Apex removal 

Control 120.8 a 

Apex removal 106.8 b 

1972 

2 
Population (plants/m ) 

7.4 107.8 a 

14.8 107.2 a 

22.2 98.8 b 

Apex removal 

Control 110.8 a 

Early apex removal 104.7 a 

Late apex removal 97.9 b 

*Means within a column and a year followed by the 
same letter are not significantly different at 
the 0.05 level of probability according to the 
Student-Newman-Keuls1 Test. 



Fig. 1. Effect of plant population on morphological characteristics of cotton. -- From left to right, 
7.4, 14.8, and 22.2 plants/m2. +::

~ 
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Fig. 3. Effect of apex removal on morphological characteristics of cotton plants grown at 74,130 
plants/ha in 1972. -- From left to right, control, early, and late apex removal. ~ 

(N 



Fig. 4. Effect of apex removal on morphological characteristics of cotton plants grown at 148,260 
plants/ha in 1972. -- From left to right, control, early, and late apex removal. ~ 

~ 



Fig. 5. Effect of apex removal on morphological characteristics of cotton plants grown at 222,390 
plants/ha in 1972. -- From left to right, control, early, and late apex removal. +::

Ul 
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branch epinasty and orientation has been well-documented (Snow, 1947; 

Palmer, 1964; Lyon, 1963). 

Number of Squares 

The number of squares per plant was significantly influenced by 

plant population in both years (Table 2). A severe reduction in number 

of squares per plant was observed from high plant populations in both 

years. These results confirm those reported by Dunlap (1945) who found 

that close-spaced plants produced fewer squares and blooms per plant. 

When the number of squares was expressed per unit area, there was no 

significant effect in 1971. In 1972, however, the number of squares/m 

in the highest population was significantly more than in the lower and 

intermediate populations, respectively. 

The plant population X sampling date interaction was significant 

for the number of squares per plant in both years (Table 2). The low-

population plants had significantly more squares than the other two popu

lations throughout the season in 1971. By July 22 and August 3, there 

was a significant reduction in number of squares per plant for each 

increase in plant population. After August 3, however, differences 

between the intermediate and the high plant populations were absent. 

Similar results were obtained in 1972 except that the differences between 

the intermediate and the high populations were significant only on 

July 19. 

Intact plants produced significantly more squares per unit area 

than late apex removal in 1972 (Table 3). In 1971, the apex removal 

2 treatment reduced the number of squares/m in a manner similar to the 



Table 2. Effect of plant population and sampling date on 
number of squares per plant in 1971 and 1972. — 
Averaged over apex removal treatments. 

Pi ants /m^ 

Date 7.4 14.8 22.2 

1971 

July 22 23.2 a* 13.6 b 8.8 c 

August 3 25.2 a 11.3 b 6.5 c 

August 17 20.6 a 8.5 b 6.0 b 

September 2 17.1 a 8.3 b 6.3 b 

Mean 21.5 a 10.4 b 

1972 

6.9 c 

June 21 8.7 a 5.5 b 3.0 b 

July 5 16.3 a 9-5 b 7.0 b 

July 19 35.2 a 19.1 b 12.7 c 

August 2 23.2 a 11.4 b 9.9 b 

August 16 7.5 a 5.3 ab 3.6 b 

Mean 18.2 a 10.2 b 7.2 c 

*Means within a row followed by the same letter are not sig
nificantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' Test. 



Table 3. Effect of apex removal and sampling date on 
number of squares/m2 in 1971 and 1972. --
Averaged over plant populations. 

,. Apex removal 
Sampling c 

date Control Early Late 

1971 

July 22 194.4 a* — 194.7 a 

August 5 194.6 a - - 146.2 a 

August 19 151.4 a • 130.7 a 

September 2 139.1 a 128.1 a 

Mean 169.9 X 

1972 

149.9 x 

June 21 72.9 a 72.9 a 72.9 a 

July S 146.8 a 135.3 a 146.8 a 

July 19 304.7 a 274.8 b 270.7 b 

August 2 208.3 a 193.7 ab 174.4 b 

August 16 78.1 a 78.6 a 53.9 a 

Mean 162.2 X 152.9 xz 143.7 z 

*Means within a row followed by the same letter are not 
significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 Test. 
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late apex xemoval treatment in 1972 although differences between the con

trol and the apex removal treatment were not significant. 

Data on the effect of apex removal on number of squares is 

limited. Dunlap (19453 reported that topping did not affect flowering 

and fruiting activity. Williamson and Thomas (19733 found that topping 

the terminal 15 to 20 cm from vigorous growing plants on July 21 removes 

primarily squares that would flower in August. 

Number of Green Bolls 

Plant population had a significant effect on the number of green 

bolls per plant in both years (Table 4). As the season progressed in 

1971, there was a decrease in number of green bolls per plant for each 

increase in population except at the 2nd sampling date when the number of 

green bolls on plants from the low and intermediate plant populations was 

similar but significantly higher than plants from the high plant popula

tion. Data from the 1972 experiment showed similar trends with one 

exception. At the 2nd sampling date, the number of bolls produced on 

plants from the intermediate and high plant populations was similar, but 

significantly lower than plants from the low plant population. During 

2 
1971, more bolls/m were produced on plants in the high and intermediate 

plant populations than the low plant population (Table 5). The high and 

intermediate plant population treatments were similar. The number of 

green bolls/m was similar in the three plant populations on July 22. 

However, on August 3 and 17, plants from the intermediate and high plant 

populations produced more bolls/m than plants from the low plant popula

tion. The intermediate plant population treatment was similar to the 



Table 4. Effect of plant population and sampling date on 
number of green bolls per plant in 1971 and 1972. 
— Averaged over apex removal treatments. 

Plants/m^ 

Date 7.4 14.8 22.2 

1971 

July 22 1.5 a* 1.4 a 1.0 a 

August 3 7.6 a 6.7 a 4.8 b 

August 17 9.7 a 6.0 b 4.7 c 

September 2 14.0 a 6.4 b 4.8 c 

Mean 8.2 a 5.1 

1972 

b 3.8 c 

June 21 0.0 a 0.0 a 0.0 a 

July 5 0.7 a 0.4 b 0.3 b 

July 19 9.2 a 5.9 b 3.7 c 

August 2 14.9 a 8.5 b 6.2 c 

August 16 20.5 a 10.9 b 7.5 c 

Mean 9.1 a 5.1 b 3.5 c 

•Means within a row followed by the same letter are not 
significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' Test. 



Table 5. Effect of plant population and sampling date on the 
number of green bolls/m2. -- Averaged over replicates 
and apex removal treatments. 

Plants/m^ 

Date 7.4 14.8 22.2 

1971 

July 22 11.0 a* 21.4 a 22.9 a 

August 3 57.9 b 102.1 a 108.6 a 

August 17 74.5 b 91.4 ab 106.9 a 

September 2 106.5 a 96.8 a 109.2 a 

Mean 62.5 b 77.9 a 86.9 a 

1972 

June 21 0.0 a 0.0 a 0.0 a 

July 5 5.3 a 6.6 a 7.0 a 

July 19 70.3 a 88.4 a 88.8 a 

August 2 113.4 a 130.1 a 141.7 a 

September 16 155.5 a 165.9 a 168.4 a 

Mean 68.7 b 82.2 ab 80.0 a 

*Means within a row followed by the same letter are not signifi
cantly different at the 0.05 level of probability according to 
the Student-Newman-Keuls' Test. 
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high plant population treatment at all dates and exceeded the low plant 

population treatment only on August 3. 

In 1972, there were no significant differences in bolls per area 

between plant populations at the various sampling dates. Plants from the 

high population treatment produced significantly more mean number of 

bolls/m than the low population treatment. There was no difference 

between the intermediate and high population treatments. 

The number of bolls per plant increases with increased spacing 

between rows according to El-Zik et al. (1971). Hoskinson et al. (1972) 

observed that number of bolls per plant increased with increased row 

spacing and decreased as plant population increased. This is in agree

ment with data obtained from this study and those reported by Buxton et 

al. (1973) which indicated an increase in number of bolls per plant as 

population decreased. The data also demonstrate that the number of 

bolls/m increases with increasing plant population. 

2 In 1972, the number of green bolls/m was similar early in the 

season for all apex removal treatments (Table 6). On July 19, 4, and 2 

weeks, respectively, after the early and late apex removal treatments had 

been made, and throughout the rest of the season, the number of green 

bolls developed on plants from the control and the late apex-removal 

treatments was similar and significantly higher than those developed on 

plants from the early apex removal treatment. In 1971, the number of 

green bolls/m was not significantly affected by the apex removal treat

ment, although it showed a similar trend to the late apex removal treat

ment in 1972. 
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Table 6. Effect of apex removal and sampling date on number of 
green bolls/m^ in 1971 and 1972. — Averaged over 
plant populations. 

Apex removal 
oarapung 
date Control Early Late 

1971 

July 22 18.4 a* — 18.4 a 

August 5 82.0 a — 97.0 a 

August 19 92.2 a — 89.7 a 

September 2 104.4 a — 103.9 a 

Mean 74.3 x 

1972 

77.3 x 

June 21 0.0 a 0.0 a 0.0 a 

July 5 6.1 a 6.8 a 6.1 a 

July 19 92.3 a 62.3 b 87.9 a 

August 2 152.3 a 93.1 b 139.9 a 

August 16 179.6 a 145.3 b 164.9 a 

Mean 86.1 x 61.5 z 79.8 x 

*Means within a row followed by the same letter are not signif
icantly different at the 0.05 level of probability according 
to the Student-Newman-Keuls' Test. 
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2 
In 1972, the number of green bolls/m at the low plant population 

was nonsignificant for the three apex removal treatments (Table 7). At 

the intermediate plant population, control plants produced more bolls 

than the early and late apex removal plants. At the highest plant popu

lation, the control and the late apex removal treatment were not signifi

cantly different, but both had greater number of bolls than the early 

apex removal treatment. Singh and Sanyal (1968) found that topping 

increased number of bolls per plant when the topping date was shifted 

from first flowering to 40 days after first flowering, especially when 

only main stems were topped. In 1971, there was no significant inter

action between plant population and the apex removal treatment. This is 

in agreement with data reported by Cowley and Hoverson (I960) who found 

no interaction between topping and plant population. 

Dry Weight of Vegetative and 
Reproductive Plant Parts 

During both years, there was a significant decrease in dry weight 

of plant parts for each increase in plant population with the exception 

of dry weight of fruiting forms where there was no significant difference 

between the intermediate and high plant population in 1971 (Table 8). 

Similar results have been reported by Eaton (1955), Burhan (1964), Kirk 

et al. (1969), and Watkins (1974). 

In 1971, plants from the low population treatment had a higher 

dry weight of leaves per plant than the intermediate and high plant popu

lations (Fig. 6). The leaf dry weight from plants in the intermediate 

plant population did not significantly exceed those grown under high 



Table 7. Effect of plant population and apex removal on 
number of green bolls/m^ in 1971 and 1972. — 
Averaged over sampling dates. 

PIants/m^ 

7.4 14.8 22.2 

1971 

Control 60.6 a* 79.6 a 82.6 a 

Apex removal 64.4 a 76.2 a 91.2 a 

1972 

Control 72.8 a 93.9 a 91.4 a 

Early apex removal 66.0 a 58.2 c 60.2 b 

Late apex removal 67.9 a 82.0 b 88.9 a 

*Means within a column and a year followed by the same letter 
are not significantly different at the 0.05 level of 
probability according to the Student-Newman-Keuls1 Test. 



Table 8. Effect of plant population on dry weight of plant parts. — 
Averaged over apex removal treatments and sampling dates. 

Population 
2 

Cplants/m ) 

Dry weight (g/plant) Population 
2 

Cplants/m ) Leaves Stems Fruiting forms Petioles 

1971 

7.4 21.5 a* 21.5 a 51.7 a 4.5 a 

14.8 12.4 b 11.4 b 10.4 b 2.5 b 

22.2 8.9 c 8.3 c 7.6 b 1.8 c 

1972 

7.4 27.9 a 29.9 a 16.1 a 6.0 a 

14.8 17.1 b 16.9 b 9.6 b 3.9 b 

22.2 13.0 c 12.9 c 6.7 c 3.1 c 

*Means within a column and a year followed by the same letter are not 
significantly different at the 0.05 level of probability according to 
the Student-Newman-Keuls1 Test. 
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Fig. 6. Effect of plant population and sampling date on dry weight of 
leaves in 1971. -- Averaged over apex removal treatments. 
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plant population until the 3rd sampling date. In 1972, the low plant 

population produced significantly higher leaf dry weight than either 

plants from intermediate or high plant populations at all but the 1st 

sampling date (Fig. 7). Other differences were not observed. 

Fig. 8 illustrates the significant plant population X sampling 

date interaction for per plant dry weight of stems in 1971. The dry 

weight patterns for leaves and stems were similar in 1971. The dry weight 

of stems and leaves was not significant at the July 22 sampling date. In 

1972, plant population did not significantly affect the dry weight of 

stems until early July, when the stem dry weight for plants grown at the 

low plant population exceeded that for plants grown at higher plant popu

lations (Fig. 9). On July 19, and until the end of the season, a signif

icant increase in stem dry weight was found for plants grown under the 

intermediate plant population compared to high population. 

In 1971, there was no significant difference in dry weight of 

fruiting forms among the three plant populations early in the season 

CFig. 10). From August 17, and until September 2, dry weight of fruiting 

forms of plants from the low population was significantly greater than 

the intermediate and high populations. 

There was no significant difference in dry weight of fruiting 

forms per plant among plant populations early in the season in 1972 

CFig. 11). As the season progressed, differences among the plant popula

tions became significant. By the middle of July, plants grown at the low 

plant population produced higher dry weight than those grown at higher 

densities. By the end of the season, the low plant population treatment 
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Fig. 8. Effect of plant population and sampling date on dry weight of 
stems in 1971. — Averaged over apex removal treatments. 
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had produced 18.7 and 25.9 g more fruit than the intermediate and high 

plant populations, respectively. The control plants and plants from 

which apices were removed showed similar dry weight of leaves and stems 

at the various sampling dates in both years ( T a b l e  9 ) .  

Early in the 1972 season, the effect of apex removal on dry 

weight of fruiting forms per plant was not significant (Fig- 12). Not 

until 42 days after first bloom (August 2) did plants that the apices 

were removed from 14 days after first bloom produce significantly higher 

dry weight of fruiting forms than the control plants and plants that the 

apices were removed from at first bloom. Two weeks later, dry weight of 

fruiting forms of plants from the late apex removal treatment was signif

icantly higher than plants from the early apex removal treatment but not 

the control. In the 1971 season, differences between the control and the 

apex removal treatment were not significant (Table 10). Reduction in the 

dry weight of fruiting forms of plants that the apices were removed from 

at first bloom may be attributed to the lack of sinks since there were no 

developing bolls at the time this treatment was applied. Therefore, 

photosynthates may have been utilized in the growth of axillary buds that 

were released of apical dominance. Removing the apex at 14 days after 

first bloom when many bolls were developing may have directed photo

synthates to the bolls instead of the growing axillary buds. Williamson 

and Thomas (1973) found that removing the stem terminal early in the 

flowering period tended to force vegetative branches into dominance. On 

the other hand, topping late in the fruiting period reduced number and 
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Table 9. Effect of apex removal and sampling date on dry weight of 
leaves and stems in 1971 and 1972. -- Averaged over plant 
populations. 

Sampling 
date 

Leaves Cg/plant) Stems (g/plant) 

Control Early Late Control Early Late 

1971 

July 22 7.7 a* — 7.7 a 5.3 a - - 5.5 a 

August 3 13.8 a — 12.3 a 11.2 a — 10.7 a 

August 17 18.3 a — 16.5 a 17.9 a — 16.1 a 

September 2 19.7 a — 18.3 a 23.1 a - - 20.3 a 

Mean 14.9 X — 13.7 z 14.4 X — 13.1 x 

1972 

June 21 7.7 a 7.7 a 7.7 a 4.1 a 4.1 a 4.1 a 

July 5 13.6 a 13.5 a 13.2 a 9.9 a 10.0 a 9.9 a 

July 19 23.6 a 23.5 a 20.4 a 22.6 a 21.1 a 19.0 a 

August 2 29.0 a 28.1 a 28.0 a 31.5 a 30.2 a 28.6 a 

August 16 25.9 a 24.7 a 23.4 a 36.5 a 34.1 a 33.1 a 

Mean 19.9 X 19.5 X 18.5 
X 
a 20.9 X 19.9 xz 18.9 z 

*Means within a row followed by the same letter are not signifi
cantly different at the 0.05 level of probability according to the 
Student-Newman-Keuls' Test. 
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Table 10. Effect of apex removal and sampling date on dry-
weight of fruiting forms in 1971 and 1972. — 
Averaged over plant populations. 

„ Apex removal 
Sampling c 

date Control Early Late 

1971 

July 22 1.2 a* - - 1.2 a 

August 3 6.7 a — 6.9 a 

August 17 12.0 a — 13.6 a 

September 2 24.8 a — 23.6 a 

Mean 11.2 X 

1972 

11.4 X 

June 21 0.6 a 0.6 a 0.6 a 

July 5 1.5 a 1.9 a 1.9 a 

July 19 7.6 a 7.5 a 7.2 a 

August 2 16.3 b 15.1 b 19.3 a 

August 16 28.7 a 23.2 b 30.7 a 

Mean 10.9 ab 9.6 b 11.9 a 

*Means within a row followed by the same letter are not sig
nificantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' Test. 
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growth of vegetative branches that will develop below the point where the 

stem terminal was cut. 

Total Dry Weight per Plant and per m2 

An inverse relationship was found between the three plant popula

tions and total dry matter per plant (Table 11). However, when total dry 

matter was expressed on a ground area basis, a direct relationship 

between plant population and total dry matter was found. These results 

confirm earlier findings by others (Kirk et al., 1969; Watkins, 1974). 

The effect of apex removal on dry weight was not significant. 

However, a trend for a slight reduction in total dry weight, especially 

with the early apex removal treatment, was observed in 1972 (Table 11). 

Percent Dry Weight of Vegetative and 
Reproductive Plant Parts 

The apex removal treatment X sampling date interaction was sig

nificant only for percent dry weight of fruiting forms in 1972 (Fig. 13). 

At early and mid-season, no significant effect among apex removal treat

ments was apparent. By August 2 (42 and 28 days after the early and late 

apex removal treatments were made, respectively), a significant increase 

in percent dry weight of the fruiting forms was found for plants that the 

apices were removed 2 weeks after first bloom. By the end of the season, 

plants that the apices were removed 2 weeks after first bloom continued 

to be significantly higher than other treatments, and control plants were 

greater than the early apex removal treatment. During the 1971 season, 

the apex removal treatment showed a similar trend to the late apex 

removal treatment in 1972 (Table 12). The significant increase in 



Table 11. Effect of plant population on total dry weight 
in 1971 and 1972. — Averaged over apex removal 
and sampling dates. 

2 g/plant g/m 

19 71 

2 
Population (plants/m ) 

7.4 63.3 a* 479.0 c 

14.8 36.7b 5S8.8 b 

22.2 26.6c 608.6a 

Apex removal 

Control 43.5 a 563.8 a 

Apex removal 40.9 a 533.9 a 

1972 

2 
Population (plants/m ) 

7.4 79.8 a 608.4 c 

14.8 47.5 b 724.3 b 

22.2 35.6 c 814.9 a 

Apex removal 

Control 56.2 a 739.2 a 

Early apex removal 53.3 a 689.5 a 

Late apex removal 53.5 a 718.9 a 

*Means within a column and a year followed by the same 
letter are not significantly different at the 0.05 
level of probability according to the Student-Newman-
Keuls' Test. 
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Fig. 13. Effect of apex removal and sampling date on percent dry 
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Table 12. Effect of apex removal and sampling date on 
percent dry weight of fruiting forms in 1971 and 
1972. -- Averaged over plant populations. 

_ ,. Apex removal 
Sampling c 

date Control Early Late 

1971 

July 22 7.8 a* - - 7.7 a 

August 3 19.4 a - - 22.5 a 

August 17 23.8 a - - 29.5 a 

September 2 34.7 a 36.6 a 

Mean 21.4 X 

1972 

24.1 X 

June 21 4.4 a 4.4 a 4.4 a 

July 5 5.2 a 6.5 a 5.3 a 

July 19 12.9 a 13.0 a 14.5 a 

August 2 19.8 b 18.4 b 23.3 a 

August 16 30.4 a 26.4 b 33.1 a 

Mean 14.6 13.7 16.1 

•Means within a row and a year followed by the same letter 
are not significantly different at the 0.05 level of 
probability according to the Student-Newman-Keuls' Test. 
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percent dry weight of fruiting forms found with late apex removal treat

ment compared to the early apex removal treatment may be attributed to 

the presence of bolls on plants from the late apex removal treatment 

which were strong sinks for metabolites. Data on the effect of apex 

removal on percent dry weight of plant parts are not available. 

Leaf Area and Leaf Area Index 

Plant populations significantly affected plant leaf area (LA) 

2 
measurements in both years (Fig. 14). In 1972, LA, dm /plant, decreased 

as population increased. Plants from the low population had 2.0 and 2.5 

dm /plant higher leaf area than plants from intermediate and high popula

tions, respectively. No significant difference in leaf area was found 

between plants from intermediate and high populations in either year. On 

the other hand, opposite trends were found for leaf area index (LAI). In 

1971, there was a significant increase in LAI for each increase in popu

lation. In 1972, plants from the intermediate and high populations 

resulted in a similar LAI and both had significantly higher LAI than 

plants from the low population treatment. 

In 1971, plants from the low population had significantly higher 

LA than plants from intermediate and high populations throughout the 

season (Fig. 15). On August 17 and September 2, differences in LA among 

the three plant populations were significant. Early in the season of 

1972, the three plant populations produced similar LA (Fig. 16). By 

July 5, plants grown at the low population had greater leaf area than 

plants grown at the higher populations. From July 19 and after, LA of 

plants from the three populations were significantly different, with the 
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low population being the highest, followed by plants from the inter

mediate and high populations, respectively. It should be noted that all 

three populations reached peak LA on August 2 and then declined. This 

decline in LA expansion is attributed to severe moisture stress. 

Fig. 17 shows the plant population X sampling date interaction 

for LAI in 1971. At the July 22 sampling date, LAI for plants of the 

high population was higher than that for plants from the low population. 

However, LAI for plants from the intermediate population was not signifi

cantly different from either of the other two treatments. By August 3, 

LAI for plants under low and intermediate populations were similar and 

lower than that of plants from the high population treatment. Differ

ences in LAI disappeared by August 17 and not until September 2 did the 

high and intermediate populations produce significantly higher LAI than 

the low population. 

In 1972, plants from the high and intermediate populations 

resulted in similar LAI and both were significantly higher than plants 

from the low population early in the season (Tig- 18). By July 5, there 

were significant differences in LAI among the three plant populations. 

By July 19, results were similar to those obtained early in the season. 

Plants from high and intermediate populations were not significantly 

different from each other but both were significantly higher than the low 

population. Two weeks later, the LAI of the three populations were simi

lar and then declined by August 16. By the end of the season, LAI for 

plants from the low population was significantly lower than that of 

plants from the intermediate and high plant populations. These results 
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are similar to those reported by Burhan (1964) and Johnson et al. (1974). 

Johnson and Walhood (1970), and Johnson et al. (1974) attributed the 

increased productivity of narrow-row cotton to faster leaf area develop

ment as measured by LAI and slightly greater efficiency of each unit of 

LAI in intercepting light. 

Net Assimilation Rate 

In 1971, plant population had no significant effect on mean net 

assimilation rate (NAR) except for the period between the first two 

sampling dates (Table 13). During this period, the NAR of plants from 

the intermediate and high plant populations was higher than the NAR of 

plants from the low plant population treatment. In 1972, from June 1 

until July 19, plants from the high and intermediate populations had 

higher NAR than plants from the low plant population. By August 2, the 

NAR of plants from the high population was higher than plants from the 

intermediate and low plant populations, which were not significantly 

different. At the last sampling date, the NAR was similar for all 

treatments. 

The main effects of apex removal on NAR were not significant in 

either year (Table 14). Early in the 1971 season, however, NAR of plants 

from the control was significantly higher than for plants that the apices 

were removed. No significant differences between the two treatments were 

found for the rest of the season. 

In 1972, significant differences in NAR were not evident until 

the period between July 19 and August 2 when NAR of plants that the 
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Table 13. Effect of plant population and sampling date on 
mean net assimilation rate. — Averaged over apex 
removal treatments. 

Sampling 
Date 

Mean net assimilation rate (NAR) 
2 Qng/dm /day) 

2 
Plants/m 

7.4 14.8 2 2 . 2  

1971 

July 22 — - - — 

August 3 22.8 b* 30.9 a 31.2 a 

August 17 20.0 a 19.2 a 21.0 a 

September 2 17.2 a 14.3 a 15.5 a 

Mean 20.0 a 21.5 

1972 

a 21.2 a 

June 21 — — — 

July 5 23.0 b 32.0 a 32.1 a 

July 19 25.2 b 35.2 a 33.2 a 

August 2 17.3 b 15.9 b 25.5 a 

August 16 9.8 a 3.2 a 3.0 a 

Mean 23.1 a 22.5 a 22.2 a 

*Means within a row followed by the same letter are not sig
nificantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' Test. 



Table 14. Effect of apex removal and sampling date on mean 
net assimilation rate, -- Averaged over plant 
populations. 

Sampling 
Date 

Mean net assimilation rate (NAR) 
2 (mg/dm /day) 

Apex removal 

Control Early Late 

1971 

July 22 - - — 

August 3 30.2 a* - - 26.7 b 

August 17 21.5 a — 22.6 a 

September 2 15.1 a — 16.0 a 

Mean 22.3 a 

1972 

21.8 a 

June 21 — - - _ _  

July 5 24.7 a 25.0 a 24.0 a 

July 19 29.1 a 29.2 a 25.0 a 

August 2 18.4 a 14.7 b 25.2 a 

August 16 7.5 a 6.0 a 2.2 a 

Mean 20.3 a 18.4 a 19.1 a 

*Means within a row followed by the same letter are not sig
nificantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' Test. 



apices had been removed 2 weeks after first bloom and the control was 

higher than the other treatments. 
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In general, the NAR decreased as the season progressed. This 

decrease may be attributed to shading and water stress which were more 

evident late in the season. Increasing density of plants leads to 

increased LAI and decreased NAR (Niciporovic, 1956). In this study, 

plants from the intermediate and high plant populations achieved higher 

LAI than plants from the low plant population. There was a close associa-· 

tion between LAI and NAR up to an optimum LAI, after which NAR dropped, 

especially for plants from high plant population. This drop may be 

attributed to the low photosynthetic efficiency of shaded leaves deep in 

the canopy. Thus, it seems that in order to obtain a highly effective 

LAI a change in the shape, size, and orientation of cotton leaves is 

necessary. The increase in NAR of plants that the apices had been 

removed 14 days after first bloom may be attributed to the higher demand 

for photosynthate by the developing bolls on plants from the late apex 

removal treatment. Reduction in NAR with the early apex removal treat

ment may be due to low demand for assimilates since this treatment 

reduced flowers and, consequently, bolls which otherwise would constitute 

a strong sink. Another explanation may be that lower demand for 

assimilates may cause starch and sugar accumulation in the leaves and, 

consequently, feedback inhibition of photosynthesis. Evans (1975) 

reported that rates of leaf photosynthesis in soybeans are much higher 

during pod filling than during flowering, even under water stress, 

presumably due to increased demand at later growth stages. 
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Crop Growth Rate 

Plant population had a strong influence on mean crop growth rate 

(CGR) during both years (Figs. 19 and 20). In 1971, plants from the 

intermediate and high populations resulted in a higher CGR than plants 

from low population early in the season (Fig. 20). Two weeks later, how

ever, a sharp decrease in CGR was found for plants grown under the inter

mediate population. Plants from the low population maintained a similar 

CGR, whereas plants from high population continued to grow at a signifi

cantly higher rate. After August 17, the CGR for plants from the inter

mediate population continued to decrease and was significantly lower than 

CGR for plants produced under the low and high populations. The later 

two were not significantly different. 

In 1972, plants from low and intermediate populations resulted in 

similar and lower CGR than plants from the high population early in the 

season (Fig. 20). By July· 19, the CGR of plants grown under the inter

mediate population was higher than the low and high populations, which 

were not significantly different. After the 3rd sampling date and until 

the end of the season, the CGR for plants from low and intermediate popu

lations began to decline, whereas that for plants from the high popula

tion treatment continued to increase until the August 2nd sampling date 

where it reached its peak and then declined sharply. By this date, 

plants from the low and intermediate populations resulted in similar CGR. 

By the end of the season, the CGR of plants from intermediate and high 

populations was slightly lower, but not significantly, than that of 

plants in the low population treatment. 
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The main effect of removing the apices of plants on CGR was not 

significant. The apex removal treatment X sampling date interaction for 

CGR, however, was significant during both years. In 1971, intact plants 

had higher CGR than plants that the apices were removed 12 days after 

first bloom (Rig* 21). During the period between the August 17 and the 

last sampling date, differences in CGR for the control and the apex 

removal treatment were not significant. 

Early in the 1972 season, the CGR was similar for the control and 

the two apex removal treatments (Fig. 22). By the July 19 sampling date, 

however, the control plants and plants that the apices were removed at 

first bloom had significantly higher CGR than plants that the apices were 

removed 14 days after first bloom. After this date, CGR of the late apex 

removal treatment rose sharply while those of the control and the early 

apex removal treatment declined. By the middle of the sampling period, 

the CGR of plants that the apices were removed 14 days after first bloom 

was highest and plants that the apices were removed at first bloom was 

lowest. As the season advanced, CGR dropped sharply for all treatments. 

Differences in CGR may be related to differences in NAR. Plants 

from the high plant population achieved higher CGR than plants from the 

low plant population early in the season. Plants from the high and inter

mediate plant populations had higher LAI and intercepted more light sooner 

than plants from the low plant population. As previously discussed, 

higher plant populations had high NAR and, consequently, achieved higher 

CGR early in the season. However, as the season advanced, further 

increases in LAI were associated with a decline in NAR of all population 
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treatments, especially at the last sampling date. The reason for NAR 

depression, especially with the high plant population, near the end of 

the season may be explained by natural shading of lower leaves. According 

to Watson (1952), the extent to which dry matter production could be 

increased by increases in LA depends on whether NAR is affected by 

increases in LAI. If LAI were increased indefinitely, at some stage NAR 

would be expected to decrease through reduction in the average light 

intensity at leaf surface caused by mutual shading of the leaves. Watson 

(1958) suggested that it would be necessary to increase LAI considerably 

beyond the highest values (about 4) before serious reduction in NAR 

occurred. In this study, serious reduction in NAR occurred when moisture 

stress was evident late in the season. 

Variation in NAR and CGR owing to the apex removal X sampling 

date interaction may be explained by the following possibilities: 

1. When the stem terminal was removed at first bloom, photosynthates 

were directed to axillary buds that were released from apical 

dominance and to the lack of strong sinks (bolls). 

2. The demand for photosynthate by plants that the apices were 

removed at first bloom was lower than the demand by bolls 

developing on plants that the apices were removed 14 days after 

first bloom. The early apex removal treatment retained fewer 

bolls early in the season compared to the late apex removal 

treatment as may be observed in Fig. 28 (p. 100), which will be 

discussed later. 
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This differential response may be related to a reduction of 

apical dominance when the apices were removed at a later stage of plant 

growth. Phillips (1969a) found that apical dominance expression varies 

with plant age and that removing the stem terminal at early growth stages 

releases several axillary buds from apical dominance. These axillary 

buds in turn grow vigorously. Cowley and Hoverson (I960) found that 

topping cotton plants at first bloom increased the number and elongation 

of vegetative branches. The effect of decapitation on the orientation of 

branches and other plant organs and the role of hormones in this phenom

enon has been well-established (Snow, 1945, 1947; Palmer, 1964; Palmer 

and Phillips, 1963; Lyon, 1963; Van Steveninck, 1958; Wooley and Wareing, 

1972a, 1972b, 1972c). The effect of decapitation on leaf and boll 

orientation and abscission is rarely mentioned. Therefore, additional 

research on this subject seems to be justified. According to Evans 

(1975), whether the source or sink is limiting is difficult to unravel in 

many cases because the demand for assimilates for storage can have a pro

nounced feedback on the rate of photosynthesis, with the result that 

spare photosynthetic capacity may be present but not evident unless 

storage capacity is increased. 

Flowering, Shedding, and Boll Retention 

The dates of first bloom were July 10 and June 22 in 1971 and 

1972, respectively. Data in Fig. 23 show the average number of flowers 

2 and bolls/m /week during the main flowering period in 1971 and 1972. 

Flowering reached a peak the first week of August in 1971 and the last 

week of July in 1972. The number of bolls/m /week retained averaged over 
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plant population and apex removal treatments reached a maximum during the 

last week of July in 1971 and then declined. In 1972, however, the boll 

retention curve was characterized by two peaks, the first occurring the 

week of July 15 and the second August 5. 

The main effects of plant population on weekly flower production 

were not significant in either year (Table 15). However, the plant popu

lation X flowering week interaction was significant in 1971 (Fig. 24). 

Higher plant populations showed a significantly higher flowering rate 

early in the season compared to the low population. The maximum flowering 

rate for each of the plant populations occurred August 5 with the inter

mediate population being the highest. After this date, flowering for all 

plant populations decreased. For example, by August 12 and 19, the 

flowering rate of plants at the low population treatment was signifi

cantly higher than the intermediate and high population treatments. By 

the end of the season, the flowering rate was similar among the three 

populations. These results are in agreement with those reported by 

Johnson and Walhood (1970) and Ehlig and Donovan (1972). 

The flowering pattern in 1972 was similar to 1971, although the 

difference due to plant population was not significant (Fig. 25). 

The main effects of population on the number and percent of bolls 

retained were not significant in either year (Table 15). 

In 1971, early in the season, plants from the high and inter-

mediate populations retained significantly more bolls/m /week than plants 

from the low population (Fig. 26). It is interesting to note that the 

boll retention curves for plants at the intermediate and high populations 



Table 15. Effect of plant population on flowering and fruiting 
in 1971 and 1972. -- Averaged over apex removal 
treatments and flowering dates. 

Population 
2 

(plants/m ) 

Number/m^/week 

Bolls 
Flowers retained 

Percent 
boll 

retention 

1971 

7.4 83.6 a* 35. 8 a 41.9 a 

14.8 83.9 a 36.4 a 42.4 a 

22.2 81.9 a 36.6 a 40.4 a 

1972 

7.4 95.2 a 34.9 a 45.3 a 

14.8 91.3 a 34.2 a 45.9 a 

22.2 87.2 a 34.7 a 48.2 a 

*Means within a column and a year followed by the same letter are 
not significantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' Test. 
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had only one peak, whereas that for plants at the low population had two 

peaks. Boll retention for all three populations reached a peak the last 

week of July. After this date, boll retention at the high and inter

mediate populations dropped sharply, and the low population dipped and 

then rose to reach its second peak on August 12. At this date, plants at 

the low population retained 7 and 9 more bolls/m /week than plants from 

the intermediate and high populations, respectively. One week later, and 

for the remainder of the tagging period, boll retention was similar for 

all plant population treatments. In 1972, similar trends were also found 

although differences among the three population treatments were not 

significant. 

The early apex removal treatment resulted in a significantly 

lower number of flowers than the control in 1972 (Table 16). The control 

and late apex removal treatment were not significantly different. 

The apex removal treatment X flowering date for number of flowers 

and number of retained bolls were significant only in 1972 (Figs. 27 and 

28). Differences in number of flowers among apex removal treatments were 

negligible during the early part of the season (Fig. 27). By mid-July, 

plants from which apices were removed at first bloom produced signifi

cantly less flowers than control plants and late apex removal treatments. 

The number of flowers peaked at the last week of July and declined until 

the end of the season. 

In 1971, flowering and fruiting rates of the control and the apex 

removal treatment were similar throughout the season (Table 17). The 

2 
average number of bolls retained/m /week increased linearly with no 
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Table 16. Effect of apex removal on flowering and fruiting in 1971 and 
1972. -- Averaged over plant populations and flowering dates. 

Number//week Percent 

Bolls boll 
Apex removal Flowers retained retention 

1971 

Control 85.6 a* 35.5 a 39.9 a 

Apex removed 80.8 a 37.1 a 44.5 a 

1972 

Control 96.3 a 34.9 a 43.8 a 

Early apex removal 87.8 b 33.9 a 47.5 a 

Late apex removal 89.6 ab 35.2 a 48.0 a 

*Means within a column and a year followed by the same letter are not 
significantly different at the 0.05 level of probability according to 
the Student-Newman-Keuls' Test. 
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Table 17. Effect of apex removal and flowering date on 
number of flowers/m^/week in 1971 and 1972. --
Averaged over plant populations. 

Sampling 
date 

Apex removal 
Sampling 
date Control Early Late 

1971 

July 22 19.3 a* — 19.3 a 

July 29 42.4 a — 41.2 a 

August 5 47.4 a 47.9 a 

August 12 37.5 a - - 29.2 a 

August 19 25.2 a — 22.6 a 

August 26 17.6 a 17.8 a 

September 2 10.2 a - - 10.7 a 

Mean 30.3 x 

1972 

27.0 x 

July 1 1.6 a 1.1 a 1.4 a 

July 8 9.9 a 9.5 a 10.6 a 

July 15 33.2 a 29.3 a 32.4 a 

July 22 52.4 a 39.1 b 53.8 a 

July 29 61.8 a 54.0 b 59.7 a 

August 5 54.3 a 54.1 a 50.3 a 

August 12 39.4 a 38.8 a 33.7 a 

August 19 23.9 a 23.1 a 18.3 a 

August 26 12.6 a 14.5 a 8.7 a 

Mean 32.1 x 29.3 x 30.0 x 

*Means within a row followed by the same letter are not sig
nificantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' Test. 
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significant differences among treatments until the middle of July when it 

reached a peak in 1972 (Fig* 28). Plants that the apices were removed 14 

days after first bloom reached a peak at July 22, and was significantly 

higher than plants from the control and plants that the apices were 

removed at first bloom. By the last week of July, all three treatments 

had similar numbers of bolls. A second peak occurred a week later and 

the control and early apex removal treatments were significantly higher 

than the late apex removal treatment. From August 12 to the end of the 

season, a similar and nonsignificant gradual decline was found for all 

treatments. In 1971, the apex removal treatment showed a similar trend 

to the late apex removal treatment in 1972 (Table 18). Results suggested 

that removing the apex too early reduced flower production early in the 

flowering season and delayed maturity, whereas removing the apex late had 

no effect on flower production but it did enhance earliness. These 

results are in agreement with research reported by Williamson and Thomas 

(.1973). 

Yield 

The main effects of plant population and apex removal on lint 

yield (hand and machine harvest) were not significant in 1971 (Table 19). 

In 1972, lint yield from the three plant populations was similar. Lint 

yield from plants that the apices were removed at first bloom was signif

icantly lower than lint yield from the control plants and plants that the 

apices were removed 14 days after first bloom. Differences between the 

control and the late apex removal treatment were not significant. 



Table 18. Effect of apex removal and flowering date on boll 
retention/mVweek in 1971 and 1972. -- Averaged 
over plant populations. 

„ ,. Apex removal 
Sampling c 

date Control Early Late 

1971 

July 22 16.1 a* — 15.6 a 

July 29 22.5 a - - 24.8 a 

August 5 17.4 a — 20.1 a 

August 12 16.9 a — 14.5 a 

August 19 6.3 a — 6.9 a 

August 26 2.0 a — 2.0 a 

September 2 1.7 a 2.6 a 

Mean 11.8 X 

1972 

12.4 X 

July 1 1.2 a 0.9 a 1.2 a 

July 8 7.8 a 7.7 a 7.4 a 

July 15 21.7 a 20.7 a 22.3 a 

July 22 14.4 b 13.2 b 23.2 a 

July 29 11.7 a 10.5 a 12.6 a 

August 5 19.7 a 19.4 a 15.2 b 

August 12 16.8 a 19.6 a 14.0 b 

August 19 8.4 a 7.4 a 6.8 a 

August 26 3.5 a 3.9 a 2.7 a 

Mean 11.6 X 11.3 X 11.7 X 

*Means within a row followed by the same letter are not sig
nificantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls1 Test. 



Table 19. Effect of population and apex removal 
and 1972. 

on 

1 

lint yield, in 1971 

Lint Ckg/ha) 

Machine harvested Hand harvestedt 

1971 

2 
Population Cplants/m ) 

7.4 1004.0 a* 1004.0 a 

14.8 10S8.0 a 1052.5 a 

22.2 994.1 a 954.0 a 

Apex removal 

Control 950.2 a 986.5 a 

Apex removed 1086.5 a 

1972 

1059.5 a 

2 
Population Cplants/m ] 

7.4 980.0 a 875.0 a 

14.8 1005.0 a 921.5 a 

22.2 923.0 a 864.0 a 

Apex removal 

Control 1024.8 a 914.0 a 

Early apex removal 873.1 b 853.5 b 

Late apex removal 1009.6 a 912.6 a 

*Means within a column and a year followed by the same letter are not 
significantly different at the 0.05 level of probability according to 
the Student-Newman-Keuls' Test. 
tTotal of all harvest dates. 
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The apex removal treatment X harvest date interaction for lint 

yield was significant in both years, as shown in Fig. 29. At the second 

harvest date in 1971, the apex removal treatment outyielded the control. 

Other harvest dates were not significant. In 1972, plants from the late 

apex removal treatment significantly outyielded both the control and the 

early apex removal treatment on the September 30 harvest. At the 

October 12 harvest, lint yield of the control was similar to the early 

apex removal treatment but was significantly higher than the late apex 

removal treatment. 

From the standpoint of earliness, it appears that the late apex 

removal treatment offers an appropriate means of producing an earlier 

crop. This treatment results in a high boll retention, in early season, 

which, in turn, gave significantly more lint yield than either the con

trol or the early apex removal treatment by the end of September. 

Results of the effect of population on yield support the conclusion that 

the optimum plant spacing and population have been found to be quite 

variable depending on where research was conducted. Ray et al. (1959) 

obtained no differences in yield from a population ranging from 37,000 to 

185,000 plants/ha. Hawkins and Peacock (1971) found that highest yields 

were obtained when populations were within a range of 90,035 to 144,059 

plants/ha. Briggs (1973) reported small but significant yield differ

ences favoring a population of 148,200 plants/ha over 222,300 plants/ha. 

Results of the effect of apex removal on yield in this study sup

port the conclusion reached by Williamson and Thomas (1973) who stated 

that the effect of topping on yield is quite unpredictable. Brown and 
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Ware (1958) reported that early studies showed no beneficial effects from 

topping. Topping, in most of these studies, was made at first bloom, a 

time comparable to that used for the early apex removal treatment in the 

present study. Work of Singh and Sanyal (1968) showed that topping of 

either the main stem or main stem and lateral branches simultaneously at 

early stages of growth was not advantageous and that topping the main 

stem 40 days after first flowering gave 37% more lint yield than the 

check. Johnson and Walhood (1970), however, found that lint yield was 

reduced by topping in two narrow rows but not in 107-cm rows. Data 

reported here showed that apex removal did not result in yield reduction 

except when the apices were removed at first bloom. 

In this study, yield reduction with the early apex removal treat

ment is due to lower NAR and CGR, lower bloom rate, and lower boll set by 

the middle of the season, a time which is critical in the fruiting cycle 

of the cotton plant. Yield loss will be potentially greatest when early 

boll retention is lowest, since a successful production of late crop 

depends upon favorable conditions obtaining in the latter part of the 

season — a situation which cannot be guaranteed (Dale, 1962). Because 

information dealing with the physiological aspects of the effect of apex 

removal on cotton growth and production are not available, it is impor

tant to indicate the need for further research. 

Boll Characteristics 

The main effects of plant population were not significant for any 

of the boll characteristics studied except for the number of seed/boll 

(Table 20). Bolls from the low plant population treatment had 
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Table 20. Effect of plant population on boll characteristics at 
harvest. — Averaged over apex removal treatments and 
harvest dates. 

Boll characteristics 
Population 

Boll size Lint Lint Seed 
2 

(plants/m 3 Cg/boll) m index index Seed/boll 

1971 

7.4 5.07 a* 34.66 a 6.23 a 11.4 a 29.90 a 

14.8 4.82 a 35.03 a 6.24 a 11.6 a 28.21 b 

22.2 4.79 a 34.54 a 6.15 a 11.7 a 28.14 b 

1972 

7.4 5.29 a 38.28 a 6.73 a 10.76 a 31.30 a 

14.8 5.39 a 38.45 a 6.73 a 10.77 a 30.31 b 

22.2 5.13 a 38.48 a 6.71 a 10.73 a 29.46 b 

*Means within a column followed by the same letter are not signifi
cantly different at the 0.05 level of probability according to the 
Student-Newman-Keuls' Test. 
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significantly more seed/boll than the intermediate and high populations 

in both years. The boll characteristics data obtained from this study 

are similar to those reported by Burhan (1964)} and Peebles et al. 

(1956). However, the results of this study disagree with those reported 

by Watkins (1974), and Bridge et al. (1973) who found significant reduc

tion in.boll size and seed index with increased plant population. 

Seed index was increased when the plant apex was removed and was 

the only boll characteristic to be significantly affected by apex removal 

in both years (Table 21). Singh and Sanyal (1968) found that topping 

improved boll size and lint quality. Bennett et al. (1965) reported a 

slight increase in boll size when plants were topped at a height of 107 

cm, combined with side pruning branches. 

In 1971, seed index was significantly higher for seed from the 

apex removal treatment than control in the first two harvests but was 

similar for the remainder of the season (Fig. 30). According to Evans 

(1972), plants from which seed production starts early, is continuous, 

and linked with continuing vegetative growth, may achieve a more or less 

steady state of partition of material between reproductive structures and 

the rest of the plant. In other cases, where there is a great change in 

the pattern of growth, and the bulk of new assimilates is switched in 

reproduction structures from some other organ, such as the Toot, stem, or 

leaf, they, in turn, may suffer a marked check of growth. It appears 

that the increase in seed index early in the season is probably attributed 

to the sudden change in the pattern of growth caused by removing the apex 

which, in turn, favored the shift of new assimilates to seed production. 
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Table 21. Effect of apex removal on boll characteristics at harvest. 
— Averaged over plant populations and harvest dates. 

Boll characteristics 

Boll size Lint Lint Seed 
Apex removal (g/boll) (%) index index Seed/boll 

1971 

Control 4.86 a* 34.75 a 6.18 a 11.4 b 29.11 a 

Apex removal 4.92 a 34.75 a 6.23 a 11.8 a 28.33 a 

1972 

Control 5.14 a 38.32 a 6.64 a 10.6 b 30.90 a 

Early apex removal 5.28 a 38.08 a 6, 66 a 10.9 a 30.15 a 

Late apex removal 5.39 a 38.81 a 6.87 a 10.8 a 30.88 a 

*Means within a column followed by the same letter are not signifi
cantly different at the 0.05 level of probability according to the 
Student-Newman-Keuls1 Test. 
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The apex removal treatment X plant population interaction for 

seed index was significant in both years, as shown in Fig. 31. In 1971, 

at the low population, seed index was the same for both treatments. At 

the intermediate and high plant populations, seed index in the apex 

removal treatment was significantly higher than the control. In 1972, 

however, the response was different. At the low population, seed index 

from the early and late apex removal treatments were significantly higher 

than seed from the control. At the intermediate population, seed from 

the control treatment had significantly lower seed index than seed from 

the early, but not the late, apex removal treatment. At the higher popu

lation, no significant differences among the apex removal treatments were 

found for seed index. The significant increase in seed index and trend 

for increased boll size for the apex removal treatments may be attributed 

to increased hormones and photosynthate translocation to the developing 

bolls. The role of hormones in nutrient and photosynthate mobilization 

to fruit and seed has been well-documented (Crane, 1969; Leopold, 1962; 

Leopold and Kriedmann, 1975). 

Fiber Quality 

Fiber length (UHM) was the only fiber property which was affected 

by population, as shown in Table 22. Fiber from the two higher plant 

population treatments in 1972 was significantly shorter than the low 

plant population. Burch (1970) reported that fiber length is not consis

tent and varies with season and plant spacing. Other workers (Peebles 

et al., 1956; Watkins, 1974; Saleem, 1975) reported that fiber length was 

not affected from several plant populations. 
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Table 22. Effect of plant population on fiber quality in 1971 
and 1972. — Averaged over apex removal treatments 
and harvest dates. 

Fiber quality 
Population 

2 
Length 

(piants/m ) (in) Strength Fineness 

1971 

7.4 1.18 a* 3.08 a 4.45 a 

14.8 1.18 a 3.11 a 4.41 a 

22.2 1.18 a 3.14 a 4.29 a 

1972 

7.4 1.11 a 2.80 a 4.63 a 

14.8 1.07 b 2.75 a 4.58 a 

22.2 1.06 b 2.82 a 4.64 a 

*Means within a column followed by the same letter are not sig
nificantly different at the 0.05 level of probability according 
to the Student-Newman-Keuls' Test. 
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Fiber strength and fineness were not significantly influenced by 

plant population (Table 22). The effects of plant population on fiber 

quality have been inconsistent. Burhan (1964), Wanjura and Hudspeth 

(1963), and Saleem (1975) found no effects of plant population on fiber 

quality. Briggs (1971) and Bridge et al. (1973) reported a reduction in 

fiber strength and fiber fineness with close plant spacing. Robinson and 

Cudney (1973), Buxton et al. (1972), Baker (1974), Hawkins and Peacock 

(1973), and Briggs and Patterson (1970) confirm that reduction in fiber 

fineness may be the only detrimental effect of high population on fiber 

quality. 

Apex removal did not significantly influence fiber quality in 

either year (Table 23), although the trend was in agreement with Singh 

and Sanyal (1968) who reported that topping improved lint properties. 

The apex removal treatment X harvest date interaction for fiber 

length was significant only in 1972 (Table 24). Length of fiber from the 

late apex removal treatment was excellent for the first 2 harvest dates. 

From September 27 until the end of the season, fiber length from the con

trol and the early apex removal treatments was similar but significantly 

longer than fiber from the late apex removal treatment. This indicates 

that the stage of plant development at which plants are topped may effect 

fiber length. Bennett et al. (1965) found that the greatest fiber length 

was produced on plants topped at 122 cm when 130 cm high, compared to 

plants topped at 107 cm when 115 cm high. 
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Table 23. Effect of apex removal on fiber quality in 1971 and 1972. --
Averaged over plant populations and harvest dates. 

Fiber quality 

Apex removal Length Strength Fineness 

1971 

Control 1.18 a* 3.11 a 4.33 a 

Apex removal 1.18 a 3.12 a 4.43 a 

1972 

Control 1.09 a 2.75 a 4.54 a 

Early apex removal 1.07 a 2.81 a 4.58 a 

Late apex removal 1.09 a 2.81 a 4.74 a 

•Means within a column and a year followed by the same letter are not 
significantly different at the 0.05 level of probability according to 
the Student-Newman-Keuls* Test. 



Table 24. Effect of apex removal and harvest date on fiber 
length in 1972. — Averaged over replicates and 
population treatments. 

Apex removal 

Harvest date Control Early Late 

September 2 1.12 ab* 1.10 b 1.13 a 

September 12 1.06 b 1.08 ab 1.09 a 

September 20 1.05 a 1.04 a 1.03 a 

September 27 1.08 a 1.07 a 1.03 b 

October 12 1.09 a 1.07 a 1.04 b 

October 26 1.01 a .99 a .89 b 

*Means within a row followed by the same letter are not sig
nificantly different at the 0.05 level of probability 
according to the Student-Newman-Keuls' Test. 
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The effect of apex removal on fiber strength was similar to that 

of fiber length. The effect of apex removal on fiber fineness at the 

various harvest dates was not significant. 

Boll Damage Considerations 

Results are expressed as percent of each type of damage from the 

total number of bolls retained (Table 25). Substantial differences in 

percent good bolls, partial and complete insect damage, and partial and 

complete rot damage were observed between the 2 years. The percent good 

bolls was approximately three times higher in 1971 than in 1972. Differ

ences in insect infestation and rainfall distributions are probably the 

main reasons behind the variations in insect and boll rot damage observed 

between the 2 years. The percent partial boll rot damage was similar in 

both years, whereas that of complete boll damage was approximately 11 

times higher in 1971 than in 1972. Russell (1974) reported that Arizona, 

on the whole, had less boll rot in 1972 than in 1971. 

The effect of plant population and apex removal on boll damage 

was not significant in either year. In 1971, however, there was a trend 

for higher boll rot incidence with the high plant population compared to 

the intermediate and low plant populations. During this year, apex 

removal tended to reduce the total number of rotten bolls. In 1972, the 

number of rotten bolls was low and similar for all treatments. There was 

a trend for higher insect damage with the high plant population and the 

late apex removal treatment early in the 1972 season. 



Table 25. Percent boll damage in 1971 and 1972. — Averaged over plant popula
tions, apex removal treatments, and harvest dates. 

Damaged bolls (%) 
Good 
bolls 
C%) 

Insect Rot Other 

Year 

Good 
bolls 
C%) Partial Complete Partial Complete Partial Complete 

1971 54.6 11.0 4.9 3.9 12.5 8.2 5.0 

1972 17.3 64.5 17.3 3.4 1.3 8.6 5.2 



SUMMARY AND CONCLUSIONS 

The experiments for this study were conducted at The University 

of Arizona Marana Farm during 1971 and 1972. In both years, cotton 

9 
plants were grown at plant populations of 7.4, 14.8, and 22.2 plants/m . 

These three populations were included in a factorial experiment with one 

and two apex removal treatments plus checks in 1971 and 1972, respec

tively. This experiment was designed to assess the effect of plant popu

lation and apex removal on growth, yield, fiber properties, and boll 

components of narrow-row cotton. 

Results of this investigation indicated that higher plant popula

tions modified the morphological characteristics by decreasing plant 

size, height, and dry weight of plant parts. However, significant differ

ences among populations were not evident until late season, when competi

tion among plants intensified, particularly in the high populations. 

When the apex was removed at first bloom, plant size and structure were 

modified by reducing the length of the main stem and forcing lateral 

vegetative branches into dominance, whereas removing the apices 14 days 

after first bloom encouraged elongation of fruiting branches at the 

upper portion of the plants. 

An inverse relationship exists between population and dry weight 

of plant parts, number of squares, number of green bolls, and leaf 

area/plant. However, when results were expressed on a per unit area 

120 
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basis, a direct relationship between population and these variables was 

evident. 

Apex removal did not significantly influence LA and LAI, but it 

2 
did reduce the number of squares and green bolls/m , especially when 

apices were removed at first bloom. Further research in this area 

appears justified to determine the best population and time at which the 

apex removal treatment should be made. 

Leaf dry weight/plant and /m was the only variable that was sig

nificantly reduced by apex removal in 1971. In 1972, the control and the 

early apex removal treatment resulted in similar effects on dry weight of 

plant parts while late apex removal significantly increased the dry 

weight of fruiting forms and reduced the dry weight of leaves and stems. 

The increase in dry weight of fruiting forms was more evident during the 

late periods of boll maturity. The percent dry weight of plant parts was 

unaffected by population. Apex removal, however, showed a stronger 

effect on percent dry weight of leaves and fruiting forms than popula

tion. Late apex removal resulted in significantly lower dry weight 

partitioning to leaves and higher dry weight partitioning to fruiting 

forms than both the control and early apex removal treatment which were 

similar, especially late in the season. 

Mean net assimilation rate CNAR) was neither affected by popula

tion nor by apex removal treatments. 

Mean crop growth rate CCGR) was significantly affected by popula

tion in both years. CGR was highest with the higher population densities. 

Apex removal had no significant influence on CGR. 
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The significant interaction between population and time of the 

season indicated that higher populations resulted in greater flowering 

and fruiting rates early in the season. 

There were no differences in yield among populations in either 

year although there was a trend for higher lint yield with the inter

mediate population. Significant yield reduction resulted from removing 

the cotton plant apices at first bloom. 

Reduction in yield with the early apex removal treatment is 

attributed to the reduction in number of flowers and bolls early in the 

season. 

The effect of population on boll characteristics was not signifi

cant except for seed/boll which was significantly reduced with inter

mediate and high population levels in both years. 

Seed index was increased by removing the apical main stem in both 

years, regardless of the date of removal. 

Fiber length was the only fiber property to be significantly 

affected by plant population. The two higher populations resulted in 

significantly shorter fibers than the low plant population in 1972. 

Substantial differences in percent good bolls, partial and 

complete rot damages were noted between years. Good bolls and boll rot 

damaged bolls were higher in 1971 than in 1972, while insect damaged 

bolls were higher in 1972 than in 1971. Boll damage was not affected by 

either plant population or apex removal. 

Data presented support the following conclusions. There is a 

2 
good relationship between LAI and total dry matter/m . Apex removal can 
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modify the cotton plant structure and, in turn, may alter the source-sink 

relationship. Late apex removal appears to be a promising means to 

manipulate the cotton plant structure and, consequently, increase 

earliness. Evidence presented draws attention to the importance of 

apical dominance and plant competition as useful tools in redesigning 

cotton plant structure and, consequently, improving its productivity. 
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