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ABSTRACT 

The yield, fruiting habits, and the boll and fiber 

properties of cotton were studied in relation to rate and 

timing of nitrogen application. Soil and plant tissue 

analyses were evaluated as techniques for use in planning 

a nitrogen fertilizer program on cotton. All possible 

linear correlations between yield, petiole nitrate levels 

and fruiting were computed. The significant relationships 

were discussed. 

The timing of nitrogen applications was found to 

be important and dependent upon the initial nitrate level 

of the soil, the length of the growing season and the yield 

potential. 

The nitrogen needs of cotton could be determined 

throughout the growing season by using the results of soil 

and petiole analyses. 

The effect of nitrogen applications on yield and 

fruiting was dependent upon the nitrogen fertility level 

of the soil and the yield possibility. If nitrogen was 

limiting, yield and fruiting were increased with nitrogen 

applications. 

The effect of nitrogen on boll and fiber properties 

of cotton was to increase the size of the bolls and weight 
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of the seeds vghen soli nitrogen was deficient. Nitrogen 

had little effect on the other boll and fiber properties 

except in cases where extreme nitrogen deficiencies 

occurred. 
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INTRODUCTION 

The most common nutrient element deficiency found 

with cotton grown on Arizona soils is nitrogen. The amount 

of available nitrogen found in Arizona soils varies from 

amounts insufficient for the early vegetative growth of 

the cotton plant to quantities more than adequate for 

growth throughout the season. Almost every cotton farmer 

has some unique plan for the nitrogen fertilization of 

cotton. At present the cotton farmer must rely upon his 

past experience, trial and error or observation of nitrogen 

deficiency symptoms to guide his fertilizer program. Pro

duction costs are increasing each year while the selling 

price of cotton remains almost constant. Success in cotton 

farming is becoming more and more dependent upon the use of 

precision practices and quantitative measures that have been 

developed through research and experience. However, few 

quantitative measures have been available to aid in planning 

a well regulated nitrogen supply. 

The amount of nitrogen available has a marked effect 

on the growth of the cotton plant. If the nitrogen supply 

is low, the cotton plant becomes stunted and woody. The 

leaves turn yellow green and then yellow. Growth is cur

tailed, the plant fruits quickly and production is critically 

1 
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limited. A high or excessive nitrogen supply increases 

the vegetative development and in some instances can retard 

fruiting development to such a degree that the terminal 

bolls f£il to develop because of the cool temperatures 

at the end of the growing season. Thus, the quantity 

of available nitrogen is critical for good cotton produc

tion. Since the amount of nitrogen needed by the cotton 

plants varies throughout the season with the stage of 

growth, quantitative measures and methods are needed to 

aid the planning of a nitrogen fertilizer program that 

will result in a well regulated nitrogen supply. 

The objectives of this study were: 

1. To study the effect of various nitrogen treat

ments on the fruiting habits, yield and quality of cotton. 

2. To relate soil and plant analyses to yield, 

fruiting habits and quality where possible. 

3. To evaluate soil and plant tissue analyses as 

techniques for use in planning the nitrogen fertilizer 

program on cotton. 



LITERATURE REVIEW 

Some degree of knowledge of the normal course of 

development of the cotton plant is essential to a study 

involving factors that affect its growth. Ewing (18) and 

Hayward (21) have reported basic work concerned with the 

fruiting habit of the cotton plant. From their descrip

tions, the following account ensues. 

The first flowers appear within about seven to ten 

weeks after planting. The first flower buds or squares 

are generally distinguishable about three to four weeks 

prior to the opening of the flowers. The growth of the 

cotton plant is indeterminate, and after this stage, 

flowering is continuous with growth. The lateral branches 

arising in the axils of the leaves of the main stem are of 

two kinds, one type being vegetative and the other fruiting. 

The vegetative branches are similar in function and morpho

logy to the primary axis, but the fruiting branches are 

distinctive in form, function, and mode of development. 

At least two buds are present in the axil of each leaf. 

Work by Mauney and Ball (37) indicated that the second 

axillary bud was a branch of the first just as the first 

was an axillary branch of the primary axis. They concluded 

that there was no morphological difference between the two 

3 
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buds. The relative ability of the buds to produce vegeta

tive and reproductive branches was dependent upon physio

logical factors rather than a fundamental morphological 

difference between bud positions. The ascending, vegeta

tive branches, one or more of which are usually present, 

arise generally from the lower nodes of the main stem. The 

fruiting branches grow horizontally from the main stem and 

from vegetative branches, and produce a flower at each node. 

Examination of a fruiting branch shows that the flowers are 

not in the axil of a leaf, but appear to stand opposite the 

adjacent leaf. The internodes of this branch are slightly 

zigzag and the leaves appear as if alternately arranged. 

The flowers are borne on the fruiting branch; no flowers 

arise directly from the vegetative branches. The number of 

flowers produced, consequently, depends upon the number of 

fruiting branches and the number of their nodes. 

The fruiting period, during which the greater number 

of the flowers bloom and the fruit is set, is variable in 

length, running from about 40 to 80 days. Toward the close 

of this period growth and flowering decrease gradually and 

finally almost cease, the plants having become more or less 

heavily loaded with fruit. The length of this fruiting 

period is greatly dependent on soil fertility and other 

environmental factors. 

After this fruiting period the food supply and energy 

of the plant appear to be utilized almost exclusively in the 
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development of the fruit. In the final stage of the fruit

ing period a great many of the young bolls, or immature 

fruits, especially the later, are eliminated by abscission. 

This shedding of immature fruits is very characteristic 

of the cotton plant. 

The bolls require a variable period for development 

of from 40 to 70 days, the time depending principally on 

the variety and on environmental conditions. Since the 

flowers from vdiich the bolls develop continue to blossom 

successively throughout a period of several weeks or months, 

the season through which bolls mature and open is of about 

the same length, and begins usually at from 45 to 50 days 

after the first flower. 

The cessation of growth and flower production referred 

to above is not positive and absolute, as a few scattered 

blooms normally continue to open after this time. Usually 

after the fruit already set has reached a fairly advanced 

stage, "second growth' is started, a new flush of vegetative 

growth is initiated, flowers are produced, and a certain 

amount of new fruit may result. Often this "top crop" is of 

considerable importance when frost is late. It should be 

remembered that in the native tropical habitat of cotton, 

the cotton plant is a perennial and tree cottons sometimes 

reach a height of 25 to 30 feet. In most areas where cotton 

is a commercially cultivated crop, it behaves as a woody 

annual due to the restriction of season. 
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It can be seen from these considerations that the 

rate and amount of fruit production are dependent on many 

factors, both inherent and environmental. 

Nitrogen and Plant Growth 

The main function of nitrogen, as reported by 

Crowther (8), is to initiate meristematic activity. Nitro

gen is known to stimulate vegetative growth. The total 

growth of the cotton plant depends primarily on the rate 

of development of the leaf surface and the efficiency of 

the leaves produced. The variations in leaf growth are 

accounted for almost completely by variation in nitrogen 

supply. Eaton and Rigler (13) found an increase in nitrate 

supply to cotton resulted in increased vegetative growth 

and in increased number of bolls set. Higjh nitrogen appli

cations were characterized by a general increase in vegeta

tive growth and regardless of the amount of water applied, 

the plots receiving the highest amount of nitrogen produced 

the tallest plants (35). Application of nitrogen fertilizer 

increased both early and late growth rates of the main stalk 

and the growth rate of fruiting branches (25). Hamilton et 

al. (18) reported increased stem and branch length, increased 

cross sectional area of stem and increased plant weight with 

nitrogen applications. 

Other characteristics associated with overall growth 

of the plants such as boll size, seeds per boll, seed index, 
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and lint index were increased by nitrogen applications (18). 

Several investigators (17, 20, 42) have reported increased 

plant height with nitrogen applications. 

Applications of nitrogen have been shown to increase 

the production of flowers and bolls, and the duration of the 

fruiting period (17, 54). Mikkleson and Hoover (38) showed 

that cotton bolls grown with adequate nitrogen are numerous 

and are borne mostly on the upper or middle fruiting branches. 

Deficient plants produced fewer bolls and bore them on the 

lower branches. Fruiting was slightly retarded in most 

instances with high applications of nitrogen during the early 

part of the blooming season, but plants receiving these 

applications produced fruit that soon equaled and surpassed 

the unfertilized plants (40). Nitrogen appeared to have no 

effect in modifying the proportionate amount of fruit shedding 

(17, 25, 40, 42). 

The yield of seed cotton has been shown to be greatly 

affected by nitrogen. Martin (35) reported an increase of 

yield of seed cotton with increasing levels of nitrogen. 

Other investigators (1, 17, 25) also reported increases in 

yield of seed cotton with nitrogen applications. However, 

some workers (22, 24) have shown high nitrogen application 

to be deterimental to yield. Blackwell and Buie (4) found 

that either late or heavy applications of nitrogen had a 

tendency to delay the maturity of the cotton crop. Sufficient 
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evidence is not available to ascertain why high nitrogen 

applications are sometimes deterimental to yield. 

The effect of age upon the nutrient content of plant 

tissue has been discussed by Ulrich (49). Hie chemical com

position of the cotton plant varies considerably with stage 

of growth. In general, the concentration of nutrients 

expressed on a dry weight basis tended to be high during 

the early growth period of the plant and gradually declined 

as the plants developed to maturity (1, 41, 57). Wadleigh 

(53) emphasized that it is economically advantageous to 

maintain the cotton plant at a high level of nitrogen 

metabolism prior to the fruiting period. The developing 

bolls which have a high requirement for food reserves appear 

to compete with the roots for these reserves and thereby 

limit root performance as to nutrient uptake even though 

nutrients may be plentifully available at this time. Eaton 

and Joham (12) reported much of the decline in mineral uptake 

with heavy fruiting can be attributed to the reduced movement 

of carbohydrates to the roots. The reduced vegetative expan

sion of the cotton plant that occurs during the period of 

heavy fruiting was undoubtedly due both to the utilization 

of carbohydrates by developing bolls and to the reduced 

mineral uptake. 

Much of the work involved with the effect of nitrogen 

supply on the cotton plant has been done in all areas of the 
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cotton belt and over the past 30 or 40 years. The work In 

Arizona has been done at selected locations. However, these 

results give an indication as to What might be expected vriien 

studying the relationship of nitrogen supply to the growth 

of the cotton plant. 

Plant Analysis 

Plant analysis has been used as a means of assessing 

the nutritional status of plants (27, 32, 44, 47, 49, 50, 58). 

Certain problems are encountered in the interpretation of 

plant analysis data. A high concentration of a particular 

ion in the plant does not necessarily indicate an excess of 

this ion in the substrate, but may be associated with a 

deficiency of some other element. For example, Joham (27) 

found petioles of cotton plants grown on low nitrogen sub

strates contained high amounts of soluble phosphorus. A 

knowledge of such interrelationships is essential to the 

interpretation of results obtained from plant analysis. 

When utilizing plant analysis, one must consider the part 

of the plant to be sampled. It has been argued (50) that 

the conducting tissue is the best index of response to 

nutrient application because it is likely to be closely 

related to the current nutrient absorption. McCollam (33) 

indicates that since the leaves are the organs of active 

assimilation, their composition must be the best basis for 
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estimating the nutritional process. The work of several 

investigators (3, 17, 27, 34) indicated the petiole from 

the most recently full grown leaf to give the best indication 

of the nitrogen status of the cotton plant. Batra (3) 

reported that the time of day the petioles were sampled 

or the soil moisture conditions at the time of sampling 

had little effect on the nitrate concentration found in 

the tissue. 

Rapid tissue tests have been employed practically 

on a wide scale because of the relative speed with which 

these tests can be made (58). These tests are usually 

performed on fresh tissues which contain a relatively 

large amount of conducting tissue. It is assumed that 

these tissues contain the unassimilated materials which 

have recently entered the plant and hence their concentra

tion represents the current availability of the nutrients. 

Because of the sensitivity of the rapid nitrate test, Batra 

(3) found this test unsatisfactory for determining nitrate 

in tissues at concentrations above 2500 PPM. nitrate nitrogen. 

In order for the analysis of any plant to be of value 

as a guide to nitrogen fertilization programs, the concentra

tion of a certain nitrogen fraction found An the plant should 

reflect the availability of nitrogen. Ulrich (49) compared 

the effect of ammonium sulfate on the nitrate nitrogen, total 

soluble nitrogen and insoluble nitrogen content of grape 

petioles and leaf blades. The nitrate content of the petioles 
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was influenced to a greater extent than any of the other 

fractions in petioles or blades. Cook (7) found changes in 

nitrate content of the sap of oat plants following appli

cations of nitrogenous fertilizers were greater than the 

changes in total nitrogen content of the same tissues. 

Wadleigh (53) reported that "while most nitrogen fractions 

of cotton were influenced very little by nitrogen supply, 

the concentration of nitrate nitrogen was affected. Much 

of the evidence that has been reported indicates the 

soluble nitrate fraction varies more with changing nutri

tional conditions than that of any other nitrogen fraction 

for many plants. 

Soil Analysis 

Evaluation of the fertility of a soil and of the 

quantity and quality of fertilizer required for profitable 

yield and quality of crop is indispensable to economical 

fertilizer usage and essential to efficient crop production. 

Much attention has been given by chemists and agriculturists 

to the development of chemical means for the determination 

of the availability of various mineral constituents in soils. 

The 1938 Yearbook of Agriculture (51), in dealing with the 

relationship of soils and plants, suggests that it is highly 

desirable to know not only the total or potential supply of 

a particular element present but also the part of the whole 

which is capable of serving the immediate and progressive 

needs of growing plants. 
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Both inorganic and organic forms of nitrogen are 

found in most soils. Nitrogen in the gaseous elemental 

form originates mainly from the atmosphere and is present 

in the soil atmosphere or dissolved in the soil water. With 

the exception of legumes, elemental nitrogen in the soil is 

not available for use by higher plants. Nitrates, nitrites 

and ammonium-nitrogen are found in ionic forms in soils and 

are readily absorbed and utilized by plants (23). Since 

nitrate is a negatively charged ion, it is not adsorbed 

on the cation exchange complex and is among the most mobile 

forms of nitrogen compounds in the soil (6, 30). In irri

gated soils the fluctuation of soil nitrate is very pro

nounced (26). Soil texture has been shown to be closely 

related to the movement of nitrates in the soil (31, 55). 

Jones (29) reported that nitrates can be leached from clay 

soils as well as from lighter textured soils. 

One of the first steps in the decomposition process 

of organic matter is the formation of ammonia. The ammonium-

nitrogen found in soils may be utilized by higher plants, 

oxidized by micro-organisms to nitrate or adsorbed on the 

exchange complex. The free ammonium ions in the soil are 

readily available for plants and micro-organisms. Some 

workers, for example Voight (52), report that most higher 

plants use nitrates as the source of nitrogen although 

ammonium-nitrogen can be absorbed and assimilated. 
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In a study involving soil nitrogen forms and crop 

response, Turjoman (48) reported that soil nitrate distribu

tion to be highest in the surface foot and decreasing in 

quantity with increasing depth. He found moisture content 

and texture affected the amount of nitrate nitrogen present. 

In general, nitrate nitrogen increased in amount after irri

gation. In Arizona soils, the initial nitrate levels appeared 

to be independent of the organic fraction of the individual 

layers of the soil. The initial soil nitrate nitrogen in 

the surface samples was the only form found to correlate 

significantly with yield of grain sorghum. 

The review of the literature indicates the most 

promising fraction of nitrogen in the soil to be used to 

evaluate nitrogen fertilizer programs on cotton is the nitrate 

nitrogen in the surface foot. The discrepancies found lead 

one to believe that the technique of taking the soil sample 

must be standardized if the test is to be of value. The 

nitrate nitrogen contained in leaf petioles appears to be 

the most promising fraction of nitrogen found in cotton plants 

that may be used in an evaluation of nitrogen fertility. 

There has been a considerable amount of work reported that 

involved the effect of nitrogen supply on the cotton plant. 

The effect nitrogen supply has on the vegetative growth of 

the cotton plant has been established. The literature con

tains little research involved with the interaction of 
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nitrogen supply with the different environments in which 

the cotton plant is grown. 

While it is possible to describe the normal course 

of development of the cotton plant, little is know about the 

factors that control its development. Little knowledge is 

available as to what factors control the initiation of buds 

into fruiting branches as compared to vegetative branches. 

The nutritional and/or growth regulating factors that deter

mine the fate of a flower have not been ascertained. Scien

tists have not been able to control or regulate the fruiting 

of the cotton plant. The exact pathways that are involved 

in flower initiation as well as those involved with abscis

sion will have to be elucidated before the plant's fruiting 

mechanism can be controlled. 



* 

EXPERIMENTAL METHODS 

This investigation involved six field experiments^" 

conducted over three growing seasons, at two elevations 

utilizing three cotton varieties on four soil types. The 

treatments consisted of various fertilizer applications of 

ammonium nitrate. The experimental design and techniques 

varied from season to season and a resume is presented in 

table 1. 

The nitrogen treatments and times of applications 

are found in table 2. Ammonium nitrate was used as the 

nitrogen source because it contains no other essential 

plant element. All fertilizer applications were sidedressed 

on plots fifty feet in length, 8 rows wide in 1959 and 1960 

and 6 rows wide in 1961. Yield was determined by hand 

picking eighty feet of row in each plot. 

Soil samples were taken from the control plots of 

each experiment after pre-irrigation and prior to planting. 

The samples were taken by inserting a Hoffer tube 8 to 12 

inches in the side of the bed about midway between the 

furrow and the row. These samples were air dried, extracted 

with water in a 5 to 1 water/soil ratio and the nitrate 

*"The author was involved directly in all six experi
ments; however, some of the field work and some of the chemi
cal analyses were done by graduate and undergraduate workers 
under his supervision. 
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TABLE 1.—Resume of Experimental Designs and Materials. 

Soil 
Identi Location 

and 
Elevation 

Number Number Length 
fication Experimental Location 

and 
Elevation 

Soil Type 
Cotton of of of 

and Exper- Design 

Location 
and 

Elevation 
Soil Type Variety Treat Sub- Sub-

ment 

Location 
and 

Elevation ments Plots Plots 
Number 

59J 

59G 

60J 

61G 

61H 

61J 

3 X 3 
Balanced 
Lattice 

3 X 3  
Balanced 
Lattice 

3 X 4  
Rectangular 
Lattice 

Randomized 
Block 
6 Replications 

Randomized 
Block 
6 Replications 

ft. 

Sahuarita 
2600 

Picacho 
1300 

Sahuarita 
2600 

Picacho 
1300 

Picacho 
1300 

Sonoita 
Gravelly Loam 

Eloy Clay 
Loam 

Sonoita 
Gravelly Loam 

McClellan 
Clay Loam 

Vinton 
Sandy Loam 

Randomized Continental Sonoita 
Block 2800 Gravelly Loam 
6 Replications 

1517C 

A44 

4-42 

4-42 

4-42 

4-42 

ft. 

6 

9 

12 

10 

10 

10 



TABLE 2.—Amount of Nitrogen Used and Time of Application 

Soil Amount of Nitrogen (N) for Total 
I Nitrogen and 

Treatment 
Number 

Each Time of Application Total 
I Nitrogen and 

Treatment 
Number 1 2 3 4 5 6 7 Added 

59G 
1 
2 
3 
4 
5 
6 
7 
8 
9 

59J 
1 
2 
3 
4 
5 
6 
7 
8 
9 

0 
100 
200 

25 
25 
25 

0 
100 

§ 200 

25 
25 
25 

lbs. /A,-

50 
25 
25 
25 

50 

50 

25 
25 
25 

25 

75 

50 

50 

25 
25 

100 

50 

25 

75 
25 

50 

50 

25 
25 

25 

50 

lbs./A. 

0 
100 
200 
100 
100 
100 
100 
100 
100 

0 
100 
200 
100 
100 
100 
100 
100 
100 

•Times of application: 1. at planting time; 2. at 2-6 true leaf period 
3. at first square stage; 4. at first appearance of flower; 5. at first full-
size boll; 6. 2-3 full size bolls per plant; 7. 2-3 open bolls per plant. 



Table 2—Cont inued 

Soil 
and 

Treatment 
Number 

Amount of Nitrogen (N) for 
Each Time of Application Total 

Nitrogen 

Soil 
and 

Treatment 
Number 1 2 3 4 5 6 7 Added 

lbs./A. lbs./A. 

60J 
1 0 0 
2 100 100 
3 150 150 
4 200 200 
5 150 150 
6 25 25 50 50 150 
7 75 75 150 
8 75 75 150 
9 50 50 50 

50 
150 

10 50 50 50 150 
11 50 50 50 150 
12 25 25 25 25 100 

61G 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

0 
100 
200 
400 
25 
50 

50 

100 

75 
50 

50 
50 

100 

50 
100 

0 
100 
200 
400 
100 
100 
100 
100 
100 
200 



Soi 
and 
eat; 
[umb 

61H 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

61J 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 

Tot 
.tro| 
Add 

bs. 

0 
100 
200 
600 
100 
100 
100 
100 
100 
200 

0 
100 
200 
600 
100 
100 
100 
100 
150 
150 

Table 2--Continued 

Amount of Nitrogen (N) for 
Each Time of Application 

-lbs ./A. 

0 
100 
200 
600 
25 75 
50 50 

50 50 
50 50 

100 
100 100 

0 
100 
200 
600 
25 75 
50 50 

50 50 
50 50 

50 100 
100 50 
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nitrogen content of the extract was determined by the method 

of Johnson and Ulrich (28). The nitrate nitrogen values 

were correlated with yield by fitting the data to Mitscherlich*s 

Equation (45). The results of the soil analyses are found in 

table 3. 

Petioles of the most recent full sized leaf were 

sampled from plants in each plot. Samples were taken at each 

stage of growth and on September 10, in 1959. In 1960 and 

1961 the first petiole sample was taken at the square stage 
I 

and thereafter at two-week intervals. The petiole samples 

were oven dried, ground and the nitrate-nitrogen content 

determined by the method of Johnson and Ulrich (28). 

At the early seedling stage of growth, sub-plots of 

uniform stand were picked at random, staked, and were used 

for the fruiting studies. The number and size of these sub

plots are indicated in table 1. The plants in the sub-plots 

were used to study the fruiting habits of cotton as affected 

by nitrogen treatment. The first flower and each subsequent 

flower produced within the sub-plot was tagged in such a 

manner that if the flower or subsequent boll was shed, then 

the tag would fall also. The flowers were tagged 3 times a 

week in 1959 and weekly in 1960 and 1961. The tags were dated 

and the number applied to each sub-plot recorded by date. Just 

prior to harvest, the tags on the bolls remaining were col

lected from each sub-plot, sorted by date, counted and the 

number recorded. 
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TABLE 3.—Nitrate Nitrogen Levels of the Soil at Planting Time. 

Replica Nitrate Nitrogen of the Different Soils 

tion 59G 59J 60 J 61G 61H 61J 

ppm. 

1 5 2 8 27 22 62 

2 21 2 15 35 9 44 

3 10 1 3 27 9 66 

4 22 2 12 22 4 40 

5 13 27 9 53 

6 7 9 9 31 
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A sample of 25 bolls was taken from plants in each 

plot in the 59J and 1961 experiments. The samples were used 

to determine boll and fiber properties. 

Data from the various experiments were analyzed 

statistically by methods as outlined in Snedecor (45), and 

Cochran and Cox (5). Treatment means were separated by the 

Multiple Range Test (10). The 5 percent level of significance 

was used in all cases, unless otherwise stated* 



RESULTS AND DISCUSSION 

Yield 

The treatment means for yield in the six experiments 

are found in table 4. The treatment means of yield in experi

ment 59G were arrayed into two overlapping populations. 

Treatments 4, 5 and 7 were the only treatments that yielded 

significantly higher than the control. Treatments 4, 5 and 

7 were similar in that a large portion of nitrogen was 

applied after the first full size boll stage of growth. 

Nitrogen deficiency symptoms did not appear on plants in 

the control treatments until the plants were in the heavy 

fruiting stage. The soil test data (table 2) indicated 

that the soil at this location contained adequate nitrogen 

for the early rapid growth of the cotton plant. Thus the 

most efficient timing of nitrogen applications may be 

influenced by the soil nitrogen level at a planting time. 

All nitrogen treatments at the 59J location resulted 

in significant increases in yield over the control. The soil 

test data (table 2) indicated that this soil was extremely 

low in nitrate nitrogen. Plants that did not receive a 

nitrogen application at planting were showing nitrogen 

deficiency symptoms prior to the six leaf stage of growth. 

At this time plants that did receive a nitrogen application 

23 
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TABLE 4.--Mean Yields of Seed Cotton o£ Six Experiments. 

Nitrogen Yields at Different Experimental Locations 

Treatment 59G 59J 60J 

lbs./plot-

1 16.65a* 7.00a 9.90a 
2 20.28a 18.13cde 22.52bcd 
3 23.19ab 21.05e 19.87bc 
4 28.05b 15.95cd 22.52bcd 
5 24.92b 10.58b 24.50cd 
6 21.65ab 17.95cde 24.95cd 
7 25.50b 16.25cd 24.57cd 
8 19.26a 19.20de 25.88d 
9 22.89ab 15.35c 25.22cd 
10 25.45cd 
11 25.53d 
12 21.92bc 

Standard 
Error 2.098 1.084 1.024 

C. V. 18.6 13.8 11.0 

Nitrogen Yields at Different Experimental Locations 

Treatment 61G 61H 61J 

1 18.05bcd 12.22a 21.77a 
2 18.67cd 17.90b 23.47ab 
3 18.97d 18.05b 23.88ab 
4 16.70ab 21.27c 23.53ab 
5 16.80abc 17.78b 23.65ab 
6 16.95bc 18.07b 25.53b 
7 15.07a 17.80b 25.97b 
8 17.12bcd 18.88bc 26.37b 
9 18.67cd 18.10b 25.66b 
10 17.48bcd 18.92bc 25.75b 

Standard 
Error 0.5829 0.8270 0.9103 
C. V. 8.2 1*1.3 8.0 

*Means with the same letter belong to the same 
population. 
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at planting were 6 centimeters taller than plants that did 

not receive an application of nitrogen. Plants in treatment 

5 which received the first application of nitrogen at the 

first square stage were not able to overcome the early nitro

gen shortage and suffered a significant loss in yield. The 

treatments that received all or part of the nitrogen at 

planting, treatments (2, 3, 6, 7 and 8), tended to result 

in higher yields than the treatments that received later 

applications of nitrogen. Thus, under the conditions of 

this experiment, the cotton plants were not able to compen

sate for the early shortage of nitrogen even though nitrogen 

was applied later in the season. 

The soil at the 60J location also was low in nitrate 

nitrogen (table 2) and was subject to losses of nitrate 

nitrogen by leaching. The soil at both the 59J and 60J 

locations have been classified as Sonoita Gravelly Loam. 

The soil at the 59J location had a high clay content begin

ning at a depth of 18 to 24 inches. The layer of clay 

accumulation was not evident in the surface 4 feet at the 

60J location and hence the difference in the leaching prop

erties of the two soils. The treatments at location 60J 

were selected by using the soil information and the results 

of 59J experiment as a guide. An attempt was made to avoid 

nitrogen deficiencies by rate and/or timing of nitrogen 

applications. The purpose was to test the effect of the 
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timing of nitrogen applications on yield and fruiting of 

cotton when visible nitrogen deficiencies did not occur. 

Some nitrogen was applied in all treatments at or 

near planting and early nitrogen deficiencies were not 

evident. The subsequent applications in the various treat-

ments were timed so that nitrogen shortages were avoided. 

Consequently, there were no significant differences between 

treatments receiving nitrogen applications with the exception 

of treatments 3 and 12. These differences were attributed 

to the loss of nitrate from the soil by leaching. 

2 The term yield possibility is defined as the maximum 

yield possible with adequate nutrient supply. Some of the 

factors that influence yield possibility are climate, disease, 

insects, physical favorableness of the soil, water amounts and 

quality, genetic capacity, planting rate and pattern and the 

presence of toxic substances. The concept of yield possibility 

is very useful in discussing the results of fertility experi

ments. The amount of nutrients that must be added to a soil 

to obtain the maximum yield is dependent upon the amount of 

nutrients supplied by the soil and the yield possibility \diich 

determines the total nutrient requirement. 

The nitrate nitrogen content of the soil at location 

61G was very high (table 2). The soil was able to supply 

the cotton plants with enough nitrogen to reach the yield 

possibility under the prevailing conditions. The data in 

2See Bray, R. H., Soil Sci., 78:9-22. 1954. 
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table 3 indicate that none of the treatments significantly 

increased yield, which was not surprising in view of the 

initial soil nitrate level and relatively low yield possi

bility for cotton at this location. The factor that limited 

the yield at location 61G was thought to be the physical 

conditions of the soil. Field observations indicated that 

water penetration and aeration of the soil was poor. 

Two of the plots of treatment 7 were located in a 

wilt area which probably caused the significant yield 

reduction rather than the nitrogen treatment. 

The data in table 3 indicate that all nitrogen 

treatments in experiment 61H resulted in significantly 

higher yields than the control. The soil at this location 

was very subject to leaching of nitrogen and was low in 

initial nitrogen fertility (table 2). The 600 pound rate 

of nitrogen (treatment 4) resulted in a higher yield than 

ail other treatments. The plants in this treatment were 

the only ones that did not show visible nitrogen deficiency 

symptoms at some time during the growing season. Plants in 

the other nitrogen treatments were stressed for nitrogen at 

some time during the season. Plants in treatments that 

received most of the nitrogen at or near planting became 

deficient late tin the season and suffered yield losses. 

Plants that received the majority of the nitrogen later 

in the season were stressed for nitrogen early in the 

season but were able to compensate to some degree after 
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these later nitrogen applications so that the yields of 

these treatments (7, 8 and 9) were essentially the same as 

the yields of the treatments receiving the early applica

tions of nitrogen. However, nitrogen deficiency either 

early or late in the season resulted in significant 

decreases in yield. The treatments that resulted in a 

nitrogen supply that was adequate for most of the season 

resulted in the higher yields. The highest rate of nitro

gen (treatment 4, 600 pounds at planting) supplied the 

plants with enough nitrogen for normal growth throughout 

the season. The timing of nitrogen applications of treat

ments 8 and 10 were such that the most efficient use of 

the nitrogen was made during the season. Thus treatments 

4, 8 and 10 resulted in the higher yields. 

The yields at location 61J were the highest of the 

1961 experiments. Even though the soil was very high in 

initial nitrate nitrogen, some increase in yield was 

obtained with nitrogen applications. The highest yields 

resulted from plants receiving nitrogen applications as 

late as the flower or early boll stage of growth. Again 

the most efficient timing of nitrogen applications was 

influenced by the initial nitrate nitrogen content of the 

soil. 
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Plant Height 

The heights of the cotton plants at the end of the 

growing season are found in table 5. In general, the effect 

of nitrogen treatment was to increase vegetative growth. 

The higher rates of nitrogen and the more efficiently timed 

applications produced the tallest plants. The finer textured 

soils (59G, 61G) produced taller plants than did the coarser 

textured soils for any given rate of nitrogen. Field observa

tions indicated that plant height also was influenced by the 

boll load. 

Soil Analysis 

The initial soil nitrate nitrogen content of the 

soils in the control plots with the corresponding yield of 

seed cotton are found in table 6. Correlation and regression 

analyses of these data gave the following prediction equation 
A 

and correlation coefficients: Y = 9.48 - 0.2573 x, r = 0.835, 

where = yield of seed cotton and x = initial soil nitrate 

level. 

The data were fitted to the Mitscherlich Equation (45). 

Computations were based on an "A" value of 27.37 pounds of 

seed cotton which approximates a 3.5 bale per acre yield. 

This yield appeared to be a reasonable estimate of the 

maximum yield possible on many of the soils used and under 

the cultural and climatic conditions that prevailed. Other 
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TABLE 5.--Total Height of Cotton Plants as Influenced by-
Nitrogen. 

Nitrogen 
Treatment 

Height at Different Experimental Locations Nitrogen 
Treatment 59G 59J 60J 

1 121 44d* 46d -
2 144 88b 78c 
3 157 108a 93abc 
4 133 88b 87abc 
5 145 66c 100a 
6 144 88b 97ab 
7 142 80b 90abc 
8 148 81b 82bc 
9 133 84b 88abc 
10 83bc 
11 96ab 
12 87abc 

Standard 
Error N.S. 2.9 4.9 

Nitrogen 
Treatment 

Height at Different Experimental Locations Nitrogen 
Treatment 61G 61H 61J 

cm. 

1 117b 7 2d 69c 
2 130b 97c 78bc 
3 136a 115ab 88ab 
4 149a 125a 98a 
5 126b 102bc 84b 
6 136a lOlbc 92a 
7 139a 104bc 98a 
8 129b 107bc 97a 
9 133ab 98c 86b 
10 133ab 116ab 91a 

Standard 
Error 5.3 4.6 3.6 

*Means with same letter belong to same population. 



TABLE 6.—Initial Soil Nitrate Nitrogen Levels and Yields 
of Control Plots. 

Soil 
Identification 

and 
Experiment 
Number 

Replication Nitrate 
Nitrogen Yield 

ppm. lbs./plot 

59G 1 5 16.0 
2 21 13.6 
3 10 18.3 
4 22 18.6 

59J 1 2 6.9 
2 2 8.6 
3 1 6.6 
4 2 5.9 

60J 1 8 9.1 
2 15 9.9 
3 3 7.1 
4 12 15.1 
5 13 11.3 
6 7 6.9 

61G 1 27 20.2 
2 35 19.2 
3 27 17.2 
4 22 16.6 
5 27 19.2 
6 9 15.9 

61H 1 22 17.4 
2 9 11.6 
3 9 13.4 
4 4 10.2 
5 9 10.4 
6 9 10.3 

61J 1 62 23.5 
2 44 24.5 
3 66 21.8 
4 40 20.4 
5 53 20.2 
6 31 19.2 
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"A" values could be used; however, with different "A" values 

different correlation coefficients would be obtained. The 

results of the curvilinear regression analysis are found in 

figure 1. The curvilinear prediction equation is: 

Log (27.37 - y) = 1.2733 - 0.010913 x, r =-0.869. 

These results indicate the soil nitrate-yield relationship 

follows the theory of the growth equation as expressed by 

Mitscherlich. However, the goodness of fit of the data to 

the linear regression was essentially the same. It is diffi

cult to determine whether the relationship is linear or 

curvilinear with the range of soil nitrate levels studied. 

Experiments must be conducted on soils with higher nitrate 

levels than those studied in order to ascertain the type of 

relationship that exists between yield and soil nitrate levels. 

The relationships of soil nitrate level to cotton 

yields and response to added nitrogen fertilizer are found 

in table 7. Irt general as the soil nitrate content increased, 

the yield of the control treatment increased and the deficiency 

symptoms appeared at a later date. If the soil was subject to 

leaching, as in the case of 60J, the loss of nitrate will 

result in lower yields than would be expected from a given 

nitrate value. When the yield possibility is not known, the 

initial soil nitrate level gives little indication as to the 

yield of cotton with adequate amounts of nitrogen applied, 
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Log (27-37— y) = 1.2733 - 0.010I13X 

100 120 150 

SOIL H03 t  ppm. 
Figure 1.- Regression Yield of Seed Cotton on Soil Nitrate 



TABLE 7.—Relationship of Soil Nitrate to Yield of Cotton and Response of 
Cotton to Added Nitrogen. 

Soil 
Identification 

and 
Experiment 
Number 

Average 
Soil 
Nitrate 

Initial 
Appearance 

of 
Deficiency 
Symptoms 

Yield Soil 
Identification 

and 
Experiment 
Number 

Average 
Soil 
Nitrate 

Initial 
Appearance 

of 
Deficiency 
Symptoms 

Control 
With 

Adequate 
Nitrogen 

Increase 
in 
Yield 

ppm. date bales/A. 

59J 2 5/15 0.8 2.6 1.8 

61H 9 6/15 1.5 2.7 1.2 

60J 10 5/30 1.1 3.3 2.2 

59G 14 7/1 1.9 3.3 1.4 

61G 24 8/7 2.3 2.4 0.1 

61J 50 8/1 2.8 3.4 0.6 
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to the response of cotton to added nitrogen or to the amount 

of nitrogen needed to reach the yield possibility. Since 

the soil nitrate test value cannot be used to predict maxi

mum yields or the total nitrogen requirements, its value 

lies in helping the farmer estimate the stage of growth at 

which nitrogen fertilizer may need to be applied to cotton. 

Arbitrary limits have been placed on the soil test values 

in order to use these values as guides to the timing of 

nitrogen fertilizer applications to cotton. These limits 

are presented in table 8. The arbitrary limits were sug

gested from the data in table 7, nitrate levels found in 

cotton petioles and field observations of visible nitrogen 

deficiency symptoms. It should be emphasized that the soil 

nitrate test values presented apply to samples taken as 

previously described and that the sampling technique may be 

critical. The interpretation of soil nitrate test values 

should take into account the previous cropping history, 

soil type, water quality and water management. All or any 

of these factors can influence the time at which nitrogen 

should be applied. For example, the use of excessive amounts 

of irrigation water on soils that are subject to leaching 

losses will require nitrogen application at an earlier date 

than indicated. 
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TABLE 8.--Initial Soil Nitrate Level and Suggested Times 
of Nitrogen Application. 

Initial Soil 
Nitrate Level 

Stage of Growth at which 
Nitrogen Fertilizer 

May be Needed 

ppm. 

0-10 

10-20 

20-30 

30 or above 

as soon after planting 
as practical 

by 6-leaf to square stage 

by time of first flower 

use petiole tests to 
determine needs 
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Tissue Analysis 

The mean value for the nitrate nitrogen content of 

cotton petioles at various dates are found in table 9. 

Certain treatments from each experiment have been selected 

and the nitrate nitrogen levels found in the cotton petioles 

are illustrated in figures 2, 3, 4, 5 and 6. 

The nitrate level found in cotton petioles of plants 

from the control (treatment 1) at experiment 59J (figure 2) 

was indicative of the low level of soil nitrogen. A low-

level of nitrate nitrogen was found in plants of the control 

plots throughout the season. Application of 100 pounds of 

nitrogen at planting (treatment 2) resulted in levels of 

nitrate that apparently were adequate throughout the season. 

A small application of 25 pounds of nitrogen at planting 

(treatment 8) was as effective as 100 pounds in its effect 

on early growth and petiole nitrate but the petiole nitrate 

declined more rapidly. A subsequent application of 75 pounds 

of nitrogen at the flowering stage resulted in increased 

nitrate values and there was no significant difference in 

the yields of treatments 2 and 8. Treatment 5 resulted in 

low levels of petiole nitrate early in the season. Plants 

in the plots of treatment 5 showed stunted growth and yellow

ing in the early part of the season. There was some increase 

in petiole nitrate following a 25 pound application of nitro

gen at the square stage. This and subsequent nitrogen 
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TABLE 9.--Influence of Nitrogen Treatment on the Nitrate 
Nitrogen Levels of Cotton Petioles at Various Dates 

Throughout the Growing Season. 

Nitrogen 
Treatment 

Date of Sampling Nitrogen 
Treatment 6/5 6/23 7/6 7/19 8/9 8/23 9/13 

3C 1Q-2 

Experiment 61G 

1 140a* 82a 99a 33a 11a 34ab 6a 
2 170ab 149bc 161b 46ab 12a 33ab 20abc 
3 163ab 143bc 180bc 80bcd 25abc 43abc 27bc 
4 179ab 162c 206bc 95cde 38c 62c 28c 
5 162ab 132bc 169bc 66bc 19ab 40abc 16abc 
6 179ab 140bc 166bc 58b 19ab 33ab 14ab 
7 181b 133bc 178bc lOOcde 30bc 37ab 8a 
8 147ab 116ab 175bc I02cde 34bc 38abc 9a 
9 158ab 115ab 84a I05de 70d 58bc 17abc 
10 169ab 172c 217c 116e 32bc 32a 17ab'c 

Standard 
Error 11°9 13.0 15.9 11.7 5.6 7.7 4.3 
c. v. 14.5 21.5 18.9 30.0 39.1 37.6 54.2 

Experiment 61H 

1 57a 2a 2a 2a 2a 3a 2a 
2 155cd 75bc 65b 3a 3a 9ab 2a 
3 169d 92c 114dc 34bcd 6abc 21c 5a 
4 132bc 96c 127c 42d 14d 44d 19c 
5 119b 75bc 95cd 14ab 5ab 12ab 2a 
6 134bc 67b 84 be 18abc 6abc 12ab 2a 
7 138bc 79bc 93cd 24abcd 5ab 4ab 2a 
8 81a 80bc 80bc 6a 3a 12b 2a 
9 57a 5a 2a 20abcd lOcd 7ab 2a 
10 131bc 75bc 107cde 39cd 9bc llab 9b 

Standard 
Error 8.8 7.0 8.6 7.1 1.6 2.5 1.3 
c.v. 15.0 21.7 22.3 76.7 64.7 38.1 55.2 

*Means with same letter belong to same population. 
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Table 9—Continued 

Nitrogen 
Date of Sampling 

Treatment 6/5 6/23 7/6 7/19 8/9 8/23 9/13 

* a"* 2 A JLKJ 
• • 

Experiment 61J 

1 195ab 43 a 58 a 14a 15a 11a 3a 
2 235c 105c 8 lab 25ab 20a 22ab 6ab 
3 235c 121cd 115cd 49bc 54b 17a 8ab 
4 223bc 143d 152e 88e 99de 51c 22c 
5 206abc 74b 138de 69cde 68bcd 45c llab 
6 196ab 77b 128cde 53cd 60bc 24 ab lOab 
7 172a 37a 102bc 72cde 124c 44c 15bc 
8 205abc 104c 122cde 92e 94c de 45c 15bc 
9 205abc 50ab 137de 67cde 62 be 35bc llab 
10 189ab 62ab 143de 78de 64bcd 41c 14bc 

Standard 
Error 11.1 9.3 9.4 8.5 11.6 6.7 3.0 
c. v. 10.8 22.8 16.1 28.8 35.0 34.4 51.9 

Experiment 59J 

6/8 6/22 7/7 7/21 8/24 9/10 

1 27c* 7e - lid 38c 8c 7c 
2 129a 158ab 109ab 131b 13 be 13bc 
3 151a 177a 143a 150b 37a 35a 
4 63b 115c 107ab 133b lObc 7c 
5 71b 56d 61bcd 127b 9bc 46a 
6 72b 104c 98abc 161b 22abc 29ab 
7 64b 109c 77bc 156b 15bc 12bc 
8 77b 49d 48cd 207a . 26ab 14bc 
9 57b 130bc I08ab 155b 19abc 8bc 

Standard 
Error 9.7 10.4 16.8 12.2 5.3 7.4 
c.v. 24.5 20.8 39.6 17.4 59.7 78.5 
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Table 9--Continued 

Nitrogen 
Treatment 

Date of Sampling 

6/18 6/28 7/5 7/12 7/19 7/26 8/4 8/18 

Experiment 60J 

ppm. x 10 -2  

c.v. 

1 47b* 5d 17c 21b 13b 1 17 7 
2 230a 113bc 93b 157a 95a 46 25 20 
3 254a 189ab 133ab 129a 77a 35 68 24 
4 232a 189ab 132ab 130a 114a 81 66 83 
5 238a 231a 169a 139a 103a 38 27 15 
6 256a 135bc 137ab 186a 125a 35 21 12 
7 187a 83c 120ab 191a 136a 79 64 25 
8 242a 106c 87b 127a 83a 78 36 40 
9 204a 88c 102b 144a 88a 72 107 43 
10 267a 76c 108b 149a 76a 18 67 29 
11 249a 133bc 12 lab 173a 136a 83 90 58 
12 242a 117bc 116ab 144a 133a 37 26 23 

idard 
•or 27!l 23^6 16^8 22!  0 2013 N.S. N.S. N.J  

21.3 33.5 26.3 27.0 35.7 69.4 66.0 74 
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applications resulted in petiole nitrate levels that seemed 

to be adequate. However, the early stressing of the plants 

for nitrogen resulted in a significant decrease in yield 

compared with treatments that were not stressed at any time. 

A general decrease in petiole nitrate occurred with 

all treatments following the July 21 sampling. This period 

of decline coincided with a period of fruit maturation. A 

delayed response to the June 22 nitrogen applications of 

treatment 8 and the nitrate decline after July 21 may be 

further evidence to support the view presented by Eaton and 

Joham (12) that a reduced movement of carbohydrates to the 

roots occurs during fruiting. 

Based on an examination of petiole nitrate levels 

found in cotton petioles, field observations and yield data 

a critical petiole nitrate level appears to be in the area 

of 2000 ppm. No confidence limits can be established for 

this value without further experimentation. However, this 

value can be useful for practical use by the farmer and for 

use in the interpretation of experimental data. 

The petiole nitrate level of plants in the control 

plots of experiment 60J (figure 3) was very low initially 

and quickly dropped below the level necessary for adequate 

plant growth. Treatment 3 received 150 pounds of nitrogen 

at planting. This treatment resulted in petiole nitrate 

levels that were considered adequate throughout the growing 

season. Treatment 9 also received 150 pounds of nitrogen 
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but in three 50-pound applications. The petiole nitrate 

levels of cotton plants in treatment 9 also were considered 

adequate. There was no significant difference in yield 

between treatments 3 and 9. Thus it appears that the 

nitrate levels can vary somewhat without a loss in yield 

as long as they do not fall below a critical level early 

in season. 

There was no yield response to added nitrogen 

fertilizer on experiment 61G. The petiole nitrate level 

of plants in the control (figure 4) was adequate for plant 

growth early in the season until about the middle of July. 

Evidently the soil nitrogen was adequate to reach the low 

yield possibility of this field. The petiole nitrate levels 

of plants in plots of treatments 2 (100 pounds nitrogen at 

planting) and treatment 4 (400 pounds nitrogen at planting) 

were maintained at a higher level throughout the season than 

the nitrate level of the control. Because of the low yield 

possibility, differences in yield due to nitrogen treatment 

were not detected. 

The initial soil nitrate level at experiment 61H was 

low and the soil at this location was subject to leaching. 

The level of petiole nitrate found in plants of the control 

(figure 5) was low initially and quickly dropped below the 

level necessary for good plant growth. Treatment 2 (100 

pounds nitrogen at planting) resulted in petiole nitrate 
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levels that were adequate for early growth but dropped below 

the level for good plant growth in the early part of July. 

The stressing of plants in treatment 2 late in the 

season resulted in a significant decrease in yield as com

pared to treatment 4 (600 pounds nitrogen at planting) 

which was the only treatment of experiment 61H that had 

an adequate nitrogen supply throughout the growing season. 

Treatment 9 received the first nitrogen application on 

July 6. This application resulted in higher levels of 

petiole nitrate and an increase in fruiting and vegetative 

growth. The petble nitrate level did not increase as much 

as might be expected due to the increased fruiting rate and 

fruit load. The petiole nitrate levels of plants in treat

ments 2 and 9 were both below the level for good plant growth 

about the same length of time, treatment 2 late in the season 

and treatment 9 early in the season. There was no significant 

difference in yield between these two treatments but both 

yielded significantly less than treatment 4. Thus anytime 

the petiole nitrate level of cotton plants falls below a 

critical minimum of about 2000 ppm. some reduction of yield 

will occur, assuming that the yield possibility is such that 

adequate nitrogen must be available to the plant throughout 

the season if this yield maximum is to be reached. If some 

factor other than nitrogen limits yield to such a degree that 

this yield can be attained with adequate nitrogen for only 

part of the season, then yield reduction might not occur if 
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the petiole nitrate drops below a critical minimum. Such 

was the case in experiment 61G. 

The soil nitrate level at experiment 61J was very 

high initially. The petiole nitrate level of the plants 

in the control plots reflected the soil nitrate supply and 

was adequate for good plant growth until late in the growing 

season. The control plots yielded almost 3 bales per acre 

at this location. Yield response to nitrogen treatment was 

to the later applications such as treatment 7 (figure 6) 

vriiich yielded approximately 3.5 bales per acre. 

Multiple regression analyses of yield on nitrate 

levels at several dates were computed. The results of the 

regression of yield on the nitrate content of petioles are 

found in table 10. The numbers listed under the variable 

heading refer to a petiole sampling date. The variables 

omitted from the table made no significant contribution to 

the correlation. The multiple regression coefficient for 

the 59J experiment indicated that about 77 percent of the 

variation in yield was associated with variations in petiole 

nitrate levels. A good response in yield to applied nitrogen 

was obtained at this location and the nitrogen treatments 

were quite varied as to timing. Hence, the nitrate levels 

at a greater number of sampling dates were associated with 

variations in yield. In experiment 60J there was good yield 

response to added nitrogen but the nitrogen treatments were 

timed so that only the control treatment was subjected to 
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TABLE 10.--Multiple Regression of Yield on the Nitrate 
Content of Cotton Petioles at Selected Dates. 

Date of 
Sampling b sb F Multiple R. 

Experiment 59J 

6/8 
6/22 
7/21 
9/16 

0.5278 
0.2294 
0.4254 
•0.5638 , 
4.27432e 

0.1465 
0.1029 
0.0864 
0.2321 

12.98** 
4.97* 
24.25** 
5.90* 

0.878 

Experiment 60J 

6/18 
7/12 

0.3427 
0.3879 , 
9.70292' 

0.0805 
0.1058 

18.13** 
13.43** 

0.822 

Experiment 61H 

7/6 
8/2 
9/15 

0.5303 
1.8773 
2.2453 , 
12.53034' 

0.0860 
0.8328 
0.8183 

38.00** 
24.05** 
7.89** 

0.797 

Experiment 

7/24 

61J 

0.4080 , 
21.39076' 

0.1532 7.09* 0.399 

^-intercept. 
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nitrogen deficiencies. About 67 percent of the variations 

in yield was associated with variations of petiole nitrate 

and two sampling dates added significantly to this correla

tion. In experiment 61G there was no yield response to 

added nitrogen and there was no significant correlation 

between yield and petiole nitrate levels. 

It is interesting to note that in experiment 61H 

where plants in some treatments were stressed for nitrogen 

early and plants in other treatments were stressed for nitro

gen late in the season that the sampling dates that are 

associated with yield were (1) July 7 early in the flowering 

period and (2) August 2 and September 15 sanpling dates 

during the second flowering period. About 63 percent of 

the variations in yield was associated with variations in 

the petiole nitrate levels. 

Only a slight yield response to added nitrogen was 

obtained at experiment 61J, with only 16 percent of the 

variations in yield associated with variations in petiole 

nitrate levels. Only the July 24 sampling date contributed 

to this correlation. The results of the multiple regression 

analyses agree quite closely with the results of the flower

ing and boll data to be presented and with the interpretations 

made from the petiole nitrate patterns. 
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Flower and Boll Studies 

The mean values for total flower and total boll 

production are found in table 11. The mean values for 

total percent set are found in table 12.. The effect of 

nitrogen treatment on flower production in experiment 59J 

was to increase flower production with increased nitrogen 

rate. Treatment 3 (200 pounds of nitrogen at planting) 

produced the greater number of flowers. There were no 

significant differences in the number of flowers produced 

by plants receiving 100 pounds nitrogen with the exception 

of treatment 5. The early stressing of plants in this 

treatment for nitrogen resulted in a significant decrease 

in flower production as compared to the other 100 pound 

treatments. This indicates that time of nitrogen applica

tion had little effect, except vrtiere the plants were sub

jected to nitrogen shortage for long periods early in the 

season as in treatment 5. All plots that received nitro-

gent produced significantly more flowers than the control 

plots, treatment 1. Significant differences in percent 

bolls set were not detected and the total boll populations 

follow the populations of the total flowers as discussed 

above. Approximately 48 percent of the flowers produced 

bolls. 

In experiment 60J applications of nitrogen fertilizer 

increased flower and boll production. All treatments 
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TABLE 11.--Influence of Nitrogen Treatment on Total Flower 
and Boll Production. 

Nitrogen 
Treatment 

Total Seasonal Flowers and Bolls at Differ
ent Experimental Locations Nitrogen 

Treatment 
59J 60J 61G 61H 61J 

Flowers 

1 177d 147d 317b 192e 311 
2 420b 329bc 419a 332cd 300 
3 523a 381abc 434a 400b 334 
4 435b 386abc 393a 472a 372 
5 288c 347abc 381a 299d 309 
6 394b 371abc 395a 356bc 355 
7 392b 423a 398a 369bc 329 
8 378b 324c 386a 361bc 387 
9 393b 348abc 404a 276d 309 
10 356abc 399a 386bc 378 
11 418ab 
12 372abc 

Standard 
Error 25.9 26.6 17.0 17.6 N.S 

c .v. 13.8 13.2 8.7 10.3 18 

Bolls 

1 84d 62c 114c 70 1 130c 
2 206b 137b 155a HOcd 143abc 
3 250a 149ab 155a 129b 137bc 
4 204b 154ab 137abc 166a 168a 
5 133c 138b 128bc 96d 145abc 
6 185b 136b 136abc 118bcd 165ab 
7 195b 181a 133abc 127bc 147abc 
8 183b 132b 145ab 116bc 155abc 
9 192b 141b 157a lllbcd 133c 
10 138b 136abc 121bc 167ab 
11 157ab 
12 143b 

Standard 
Error 
c. v. 

14.4 10.1 7.8 5.6 9.3 
15.9 12.8 11.2 9.8 12.4 
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TABLE 12.—Influence of Nitrogen Treatment on Total Percent 
Set. 

Nitrogen Percent Set at Different Experimental Locations 

Treatment 59J 60J 61G 61H 61J 

1 47.4 43.1 35.7 35.7b* 42.0 

2 49.0 41.6 36.6 32.5b 47.2 

3 47.9 39.1 35.2 32.0b 41.2 

4 46.9 40.8 34.5 34.7b 45.2 

5 46.1 36.3 33.0 31.5b 46.5 

6 46.6 36.5 34.2 31.2b 45.7 

7 50.4 42.7 33.2 34.2b 44.5 

8 48.6 40.8 36.7 31.7b 39.5 

9 48.8 40.6 38.5 40.0a 42.5 

10 - 38.8 34.0 32.5b 44.2 

11 37.7 

12 38.9 

Standard 
Error N.S. N.S. N.S. 1.37 N.S. 

c. v. 6.4 7.3 7.7 8.1 8.4 

*Mean8 with same letter belong to same population. 
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receiving nitrogen produced significantly more flowers and 

bolls than did the control. The soil at this location was 

subject to losses of nitrate by leaching and hence some 

differences in flower and boll production of the nitrogen 

treatments could be related to more efficient timing of 

nitrogen application. Significant differences in percent 

of bolls set were not detected and the total boll populations 

follow quite closely the population of total flower produc

tion. 

Nitrogen applications increased flower and boll 

production significantly as compared to the control in 

experiment 61G. There were no significant differences in 

flower production of plants in treatments that received 

nitrogen applications. Significant differences in percent 

bolls set were not detected and the total boll populations 

essentially follow those of the total flower populations. 

The only significant difference detected in the 

percent of bolls set was in experiment 61H. Treatment 9 

received no nitrogen application until the time of the first 

boll at which time an application of 100 pounds of nitrogen 

per acre was made applied. This treatment resulted in a 

significant increase in the percentage of bolls s>et as 

compared to the control or other nitrogen treatments. The 

plants in this treatment were stressed for nitrogen all 

during the early stage of fruiting. Adequate nitrogen was 

applied at the beginning of the boll setting period. Since 
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retention of bolls appears to be dependent at any given 

stage of fruiting upon the current total plant growth and 

the boll load already set, the application of nitrogen to 

plants that have been stressed for nitrogen for long periods 

of time will result in increased plant growth and an increase 

in the percentage of subsequent bolls set. The effect of 

nitrogen rate on total flower and boll production at location 

61H was increased production with increased nitrogen rate. 

Treatment 4 (600 pounds nitrogen per acre at planting) was 

the only treatment at this location that did not show signs 

of nitrogen deficiency at sometime during the growing season. 

Plants in this treatment produced significantly more flowers 

and bolls than the other treatments. Significantly fewer 

flowers and bolls were produced by plants in the control 

as compared to the nitrogen treatments. The difference in 

total flower and boll production between the nitrogen treat

ments receiving the same amount of fertilizer was due to 

efficiency of timing of nitrogen applications. The soil 

at location 61H was subject to losses of nitrate by leaching. 

Those nitrogen treatments (1, 5, 9) that were timed so that 

the plants stressed for nitrogen for longer periods of time 

resulted in a decrease in flower production. 

Significant differences in total flower production 

were not detected at the 61J location. Treatment 4 (600 

pounds of nitrogen per acre at planting) resulted in the 
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highest number of bolls produced with the control producing 

the smallest number of bolls. No significant differences 

in percent bolls set were detected in location 61J. 

Table 13 contains the mean values for flower produc

tion by weeks. The weekly flower production for weeks one 

and two at the 59J location were arrayed in two populations. 

The plants that received some nitrogen at planting (treat

ments 2, 3, 6, 7 and 8) produced significantly more flowers 

the first two weeks of flowering than the plants that did 

not receive an application of nitrogen at planting (treat

ments^ 1, 4, 5, 9). The effects of nitrogen applications 

made at the six leaf stage, the square stage and at first 

flower stage began to influence the weekly flower production 

the third, fourth and fifth weeks. Nitrogen treatment had 

no significant effect on the weekly flower production after 

the middle of August (week 8). 

The effect of nitrogen treatment on the weekly flower 

production at location 60J was in general to increase produc

tion as compared to the control (treatment 1). The nitrogen 

treatments that were assigned at this location were based on 

the results of the 59J experiment. An attempt was made to 

eliminate nitrogen deficiencies early or at any time during 

the season by timing of nitrogen applications. The yield 

results and the flower and boll studies indicated that this 

attempt was successful. Again, as at location 59J, nitrogen 
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TABLE 13.--Influence of Nitrogen Treatment on Weekly Flower 
Production. 

Nitrogen 
Weeks from 1st Flower 

Nitrogen 
Flower 

Treatment 1 2 3 4 5 6 7 

Number of Flowers Per Week 

Experiment 59J 

1 10b 21b 50d 49a 20c 10c 3c 
2 44a 48a 98ab lOOab 76ab 25bc llbc 
3 35a 49a 86abc 114a 103a 61a 45a 
4 6b 22b 74bcd 97 ab 97a 74a 46a 
5 6b 18b 6 2cd 74bc 6 lab 32b 6bc 
6 32a 41a 87abc 9 lab 7 lab 30bc 18bc 
7 38a 44a 103a 9 lab 6 lab 23c lObc 
8 41a 49a lOOab 83ab 53bc 24bc llbc 
9 13b 20b 73bcd 95ab 80ab 54a 26ab 

Standard » 

Error 5.2 3.0 8.8 10.5 12.9 7.1 6.8 
c. v. 41.9 17.3 21.6 23.8 37.2 38.3 69.5 

Experiment 60J 

1 10 22a* 34, 30b 22c 14d 7a 
2 14 31bc 54. 61a 49b 58etbc 36b 
3 11 39ab 60 69a 63ab 59abc 44b 
4 12 32bc 60 62a 70ab 66ab 40b 
5 15 32bc 52 65a 60ab 54abc 39b 
6 15 38bc 53 69a 66ab 67a 45b 
7 16 33bc 64 70a 69ab 63 ab 52b 
8 14 29bc 55 59a 53ab 48c 31b 
9 19 37b 52 56a 53ab 51bc 40b 
10 16 35bc 63 58a 68ab 56abc 37b 
11 12 35bc 63 74a 75a 69a 45b 
12 21 48a 67 67a 55ab 54abc 35b 

Standard 
Error N.S. 3.8 N.S. 6.6 7.2 4.6 6.2 
c.v. 48.6 19.6 18.6 18.7 21.2 14.6 28.7 

Experiment 61G 
48 62c 24b 1 12 23 48 67 62c 24b 18b 

2 12 24 51 76 89a 41a 50a 
3 10 29 57 81 77bc 49a 43a 
4 9 24 48 71 83ab 50a 38a 
5 15 27 54 70 75bc 35ab 42a 
6 6 16 50 65 99 a 44 a 41a 
7 8 21 52 68 84ab 42a 44a 
8 8 21 48 61 86a 36ab 48a 
9 13 21 53 66 68bc 32b 38a 
10 11 21 54 72 92a 29b 43a 

Standard • • 

Error N.S. N.S. N.S. N.S. 5.5 5.0 4.4 
c.v. 47.4 29.6 15.4 14.7 13.5 82.2 21.8 



Table 13—Continued 

Weeks from 1st Flower 

8 9 10 11 12 13 14 15 

Number of Flowers Per Week 

2 3 3 4 
5 2 4 8 
14 5 3 8 
12 5 1 1 
2 3 8 15 
8 3 4 10 
3 3 2 12 
3 2 2 10 
5 8 6 10 

N.S. N.S. N.S. N.S. 
96.5 93.7 138.7 96.6 

2 1 1 4 
16 3 3 2 
20 7 3 6 
28 7 4 3 
20 7 3 1 
20 4 3 1 
39 11 6 1 
18 8 6 4 
23 8 6 2 
15 4 2 1 
27 7 8 3 
17 5 2 1 

N.S. N.S. N.S. N.S. 
53.2 78.0 91.4 99.6 

8 3b lde 7b 7 11 9 14 
16 7b le 6b 7 12 8 15 
15 7b 6bcd 5b 9 12 11 19 
19 9ab 5bcde 8b 3 8 4 11 
12 5b 4bcde 4b 6 13 7 11 
19 8b 5bcde 7b 6 9 5 13 
16 13 a 8ab 8b 8 10 4 11 
23 8b 7bc 5b 4 10 5 10 
21 16 a 12a 14a 11 15 10 13 
16 4b 4cde 6b 9 11 7 16 

N.S. 2.1 1.5 1.6 N.S. N.S. N.S. N.S. 
37.0 51.8 53.9 43.2 63.7 42.1 63.9 43.5 
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Table 13--Continued 

Nitrogen 
Weeks from 1st Flower 

Nitrogen 
Treatment Treatment 

1 2 3 4 5 6 7 

Number of Flowers Per Week 

Experiment 61H 

1 25ab 32bc 40d 20e 6c Id 0c 
2 23b 44ab 62a 46ab 58a 42abc 18b 
3 22b 49a 57abc 37bcd 66a 46ab 43a 
4 20b 39abc 60ab 46abc 67a 49ab 39a 
5 19b 37abc 45bcd 35cd 38b 31c 17b 
6 26ab 45ab 56abc 53a 67a 39abc 22b 
7 21b 44ab 60ab 47 ab 63a 38bc 24b 
8 35a 27c 56abcc 40bc 60a 53a 36a 
9 18b 32bc 41cd 28de 18c 4d 3c 
10 16b 37abc 45bcd 44abc 56a 45ab 35a 

Standard 
Error 3.4 4.1 4.9 3.6 5.8 3.5 3.5 
c. v. 30.4 21.4 18.5 18.0 25.5 29.9 29.9 

Experiment 61J 

1 7„ 21 37 57 62 60 32 
2 7 21 43 48 57 52 30 
3 4 22 38 60 65 57 34 
4 4 20 33 60 69 63 44 
5 3 17 29 50 50 48 31 
6 3 20 40 61 74 54o. 41 
7 8 22 49 57 62 42 35 
8 10 27 41 59 62 61 39 
9 10 26 38 55 58 41 33 
10 8 25 41 60 69 52 38 

Standard 
Error N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
c.v. 65.4 34.4 29.4 21.3 24.6 24.1 48.9 



Table 13--Continued 

Weeks from 1st Flower 

8 9 10 11 12 13 14 15 

Number of Flowers Per Week 

lc 3cd 5cd lObc 13b 9bc 14 12b 
7d Id Od lde 5c 3c 12 8b 
16bc 8bc 4d 2de 6c 9b 15 16b 
32a 20a llab 14ab 13b 17a 14 28a 
lied 10b 4d 7cd 9bc 8bc 11 15b 
14bcd Id Id Oe 5c 3c 8 14b 
18b 9bc 4d 4de 5c 8bc 10 14b 
12bcd 5bcd Id le 5c 7bc 9 13b 
13bcd 16a 15a 16a 21a 17a 19 15b 
14 be 7bc 8bc 6cde 13b 10b 13 14b 

2.3 1.9 1.4 1.9 1.9 1.7 N.S. 3.1 
33.4 45.8 55.0 63.0 40.2 37.1 36.7 42.4 

18 8 2 2 3 
15 11 6 5 3 
23 12 8 4 6 
32 21 15 6 3 
25 21 15 7 12 
24 22 7 3 4 
22 19 7 4 11 
39 24 13 6 4 
22 11 8 3 2 
32 26 13 7 6 

N.S. N.S. N.S. N.S. N.S. 
45.4 50.6 71.5 76.4 83.9 

*Means with same letter belong to same population. 



62 

treatment had no significant effect on weekly flower 

production after the middle of August (week 8). 

Nitrogen treatment had no significant effect on 

the weekly flower production for the first 4 or last 4 

weeks of flowering at location 61G. Generally, nitrogen 

treatment tended to increase weekly flower production over 

the control during weeks 5, 6 and 7. The plants in treat

ment 9 which received an application of 100 pounds of 

nitrogen at the boll stage produced more flowers during 

the weeks 9, 10 and 11 than the other treatments. 

Significant differences in weekly flower production 

were detected in all but the fourteenth week at location 

61H. The relatively low level of soil nitrate at this 

location, the susceptibility of the soil for losses of 

nitrate by leaching and the variable times of nitrogen 

application resulted in a variable nitrogen supply to 

plants. Thus some plants were sufficiently supplied with 

nitrogen in some treatments during part of the season and 

deficient at some other period. In other treatments the 

situation was reversed. Thus at any given week there were 

differences in nitrogen supply to the various treatments 

with a resulting difference in plant growth and flowering. 

In the early part of the flowering period, those treatments 

that did not receive nitrogen at or near planting (treatments 

1, 8 and 9) were soon producing significantly fewer flowers 

per week. By the fifth week of flowering most of the 
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treatments that had received nitrogen were producing flowers 

at about the same rate. The treatments that had received 

most of the nitrogen at or near planting were beginning to 

show signs of nitrogen stress by the eighth week of flowering 

(treatment 2, 100 pounds nitrogen at planting). Treatments 

9 and 10 received large nitrogen applications at the time 

of first boll. These treatments were producing significantly 

more flowers per week in weeks 10, 11, 12 and 13. Treatment 

4 (600 pounds of nitrogen at planting) was the only treatment 

that did not show signs of nitrogen stress during the growing 

season. Throughout the season the plants in this treatment 

produced a quantity of flowers that was arrayed in the highest 

flower producing populations each week of the season. This 

indicates that if plants are stressed for nitrogen at any 

time during the growing season some loss of flower production 

will occur. 

No significant differences in weekly flower production 

at location 61J were detected. With the exception of perhaps 

two weeks, the coefficient of variation was very high. The 

initial soil nitrate level at this location was very high 

also and very little response to added nitrogen fertilizer 

was detected. 

Table 14 contains the treatment means for the weekly 

boll production. The treatment means for the weekly percent 

set are found in table 15. The treatment means for the 

weekly boll production were arrayed in essentially the 
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TABLE 14.—Influence of Nitrogen Treatment on Weekly Boll 
Production. 

Nitrogen 
Weeks from 1st Flower 

Treatment 1 2 3 4 5 6 7 

Number of Bolls per Week 

Experiment 59J 

1 8 a* 17b 29 12c 6c 5d 2b 
2 40a 30a 61 31bc 22bc 9cd ib 
3 28b 29 a 49 53a 40a 22ab 7b 
4 5c 18b 54 41ab 42a 26a 3b 
5 5c 15b 37 17c 23b 14abcd 5b 
6 25b 28a 41 25bc 30ab lOabcd 13a 
7 34 ab 30a 60 26bc 22bc 8cd 7b 
8 35ab 31a 51 24bc 17bc lObcd 2b 
9 9c 18b 4i 30bc 30ab 19abc 8ab 

Standard 
Error 3.8 2.6 N.S. 5.8 5.3 3.6 2.3 
c. v. 36.1 21.6 29.4 40.2 38.8 52.6 83.6 

Experiment 60J 

1 9 19 17c* 5b 5c 4d lb 
2 14 21 28ab 26a 14bc 17bc 12a 
3 8 23 30ab 21a 18abc 2 lab 16a 
4 11 23 34a 25a 20ab 19b 8ab 
5 10 19 24bc 23a 16abc 14b 8ab 
6 14 18 23bc 27a 18abc 16bc 12a 
7 16 21 30ab 29a 24a 27a 15a 
8 12 19 27ab 27a 13bc lied 9a 
9 16 20 23bc 21a 16abc 16bc 12a 
10 14 25 25abc 18a 20ab 17bc 7b 
11 13 21 32ab 27a 2 lab 18bc 11a 
12 20 23 34a 23a 11c 16bc 9a 

Standard 
Error N.S. N.S. 2.5 3.3 2.4 2.6 2.2 
c. v. 47.3 23.6 15.9 25.4 25.4 27.7 39.1 

Experiment : 61G 

1 4 15 18ab 19 28b 6 7 
2 2 12 18ab 25 38a 14 17 
3 3 13 21a 25 32ab 17 16 
4 1 12 15b 22 33a 18 13 
5 3 13 17 ab 20 28b 12 11 
6 1 8 14b 22 39a 14 12 
7 2 13 14b 18 30ab 13 14 
8 2 11 16b 18 35a 15 16 
9 4 12 22e 21 23b 13 13 
10 3 10 15b 18 40a 12 14 

Standard 
Error N.S. N.S. 1.9 N.S. 3.1 N.S. N.S. 
c.v. 82.4 33.6 22.2 21.6 18.9 37.8 39.7 



Table 14--Continued 

Weeks from 1st Flower 

8 9 10 11 12 13 14 15 

Number of Bolls per Week 

2 1 1 1 
2 1 2 5 
5 2 2 6 
4 1 1 1 
2 2 6 9 
4 2 2 5 
3 2 1 7 
2 2 1 5 
4 4 5 2 

N.S. N.S. N.S. N.S. 
81.8 83.9 136.8 77.6 

1 1 1 2 
4 2 1 2 
6 4 1 3 
7 3 2 1 
7 3 1 1 
4 2 1 1 
12 5 1 1 
6 6 2 1 
9 5 2 1 
5 2 1 1 
7 4 2 2 
4 3 1 1 

N.S N.S. N.S. N.S. 
65.9 71.7 64.6 70.9 

5b 2 led lc 2 . 3 2 .1 
8ab 3 Od 3bc 3 6 3 2 
7b 4 led 2bc 5 5 2 1 
8ab 3 led 3bc 1 2 1 1 
5b 2 Od 2bc 2 6 2 1 
8ab 1 2bcde 5b 3 3 1 1 
4b 5 4b 4bc 3 4 1 2 
12a 2 3bc 3bc 3 4 1 0 
10a 6 7a 8a 6 6 3 1 
6b 2 3bcd 2bc 3 4 2 1 

1.5 N.S. 0.7 1.0 N.S N.S. N.S. N.S 
41.0 87.8 61.5 57.3 83.8 50.6 79.7 112.0 
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Table 14--Continued 

Nitrogen 
Weeks from 1st Flower 

Nitrogen 
1st Flower 

Treatment 
1 2 3 4 5 6 7 

Number of Bolls Per Week 

Experiment 61H 

1 11a 11 14 2c 3c lb Od 
2 7ab 14 23 7ab 20 ab 17a 6bc 
3 Id 11 16 5bc 28a 21a 12a 
4 2cd 10 21 9ab 26a 16a 13a 
5 6abc 10 13 5bc llbc 12a 7ab 
6 8ab 12 19 5ab 25a 13a 5ab 
7 6bc 13 20 5ab 25a 16a 8ab 
8 5bcd 10 20 10a b 24a 21a 6bc 
9 7ab 14 11 lOab 9c 3b 3cd 
10 2cd 12 16 7ab 25a 19a 5bcd 

Standard 
Error 1.4 N.S. N.S. 1.3 3.2 2.9 1.64 
c.v. 49.8 27.9 31.9 36.6 32.3 41.9 48.0 

Experiment 61J 

1 3 ' 15 19 30 23 19 11 
2 5 16 21 28 25 20 7 
3 2 15 18 31 25 15 10 
4 1 15 18 39 34 21 13 
5 1 11 16 30 26 17 11 
6 2 14 22 36 35 17 16 
7 5 15 17 34 25 14 11 
8 4 16 16 32 36 19 13 
9 4 17 14 34 21 13 7 
10 6 15 18 39 27 17 13 

Standard 
Error N.S. N.S. N.S. N.S. N.S N.S. N.S. 
c.v. 95.0 35.3 24.2 19.5 22.4 25.6 44.5 
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Table 14--Continued 

Weeks from 1st Flower 

8 9 10 11 12 13 14 i 15 

Number of ! Bolls per Week 

lc 2cf 2abc 3bc 6ab 5bcd 1 3 
5bcd If Od 0c lc Id 4 2 
9b 5bc 2abc lbc 4bc 4bcd 4 1 
15a 7a 3ab 8a 9a 13a 6 4 
4cde 4c lbcd 2bc 6ab 5bc 5 0 
6bcd If Ocd 0c 2bc Id 4 2 
8bcd 3de lbcd lbc 3bc 5bc 6 2 
4de If Ocd 0c 2bc 4cd 5 3 
9bc 5ab 5a 6ab 9a 8b 8 4 
7bcd 4cd 3bc 2bc 9a 6bc 7 5 

1.3 0.6 0.6 1.4 1.4 1.1 N.S. N.S. 
39.3 39.1 65.9 110.6 52.1 43.0 51.4 75.4 

3 3 2 1 1 
4 5 4 3 2 
5 4 4 2 5 
7 9 6 4 1 
6 8 10 4 4 
4 11 3 2 1 
4 9 4 3 4 
9 9 3 4 3 
4 8 5 1 1 
9 11 5 3 2 

N.S. N.S. N.S. N.S, N.S. 
67.7 52.7 69.7 79.9 85.2 

*Means with same letter belong to same population. 
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TABLE 15.--Influence of Nitrogen Treatment on Weekly Percent 
Set. 

Nitrogen 
Treatment 

Percent Set by Weeks from 1st Flower Nitrogen 
Treatment 1 2 3 4 5 6 7 

Experiment 59J 

1 79 78ab* 54 21c 32bc 38 79 
2 91 62bc 61 29bc 29c 32 52 
3 77 56c 57 46a 38bc 34 38 
4 95 81a 72 42ab 42b 34 25 
5 89 81a 58 22c 36bc 43 62 
6 84 76ab 52 27c 41b 31 38 
7 89 65bc 56 27c 37bc 38 44 
8 88 66bc 50 28bc 30c 40 48 
9 84 83a 66 31abc 54a 37 53 

Standard 
Error N.S. 4.5 N.S. 4.7 3.4 N.S. N.S. 
c. v. 13.4 12.3 17.6 31.0 17.8 38.8 50.9 

Experiment 60J 

1 92 88a* 58 16b 21 36 48 
2 74 70bc 52 44a 28 39 31 
3 75 57bcd 49 30a 29 36 39 
4 82 71b 56 40a 30 39 23 
5 63 57bcd 48 36a 26 36 16 
6 92 65bc 44 40a 26 34 25 
7 95 64bc 46 41a 34 43 29 
8 81 66bc 49 46a 25 21 31 
9 82 53cd 45 37a 29 31 30 
10 84 71b 40 31a 29 31 18 
11 100 60bcd 50 36a 27 25 24 
12 95 47d 51 34a 19 29 26 

Standard 
Error N.S. 5.1 N.S. 4.5 N.S. N.S. N.S. 
c.v. 37.6 13.9 22.1 21,5 23.9 26.4 55.7 

Experiment 61G 

1 29 67 37 27 44 26 41 
2 16 48 35 32 42 31 32 
3 21 49 37 30 40 34 36 
4 8 47 32 31 40 36 33 
5 21 49 31 29 37 35 26 
6 21 48 28 32 39 32 28 
7 20 63 25 26 35 30 32 
8 27 54 33 29 40 41 34 
9 38 57 42 32 34 43 33 
10 31 50 27 24 43 49 34 

Standard 
error N.S. N.S. N.S. N.S. N.S. N.S. N.S. 
c.v. 70 17.9 22.1 17,0 18.4 35.2 31.0 
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Percent Set by Weeks from 1st Flower 

8 9~ To" U 12 13 14 15 

94a 61 54 51 
85ab 80 81 78 
34c 44 94 83 
50bc 45 87 100 
98a 90 91 70 
62abc 90 55 53 
8 lab 79 83 57 
77abc 87 83 49 
70abc 71 91 60 

13.1 N.S N.S. N.! 
36.3 99.5 37.4 40 

78a 100 89 65 
26b 71 71 89 
32b 69 55 67 
30b 68 67 75 
24b 27 76 100 
17b 64 63 100 
31b 49 31 100 
29b 88 61 45 
43b 57 32 72 
30b 57 67 83 
26b 57 35 89 
22b 73 55 100 

8.7 N S. N.S. N.S. 
46.8 39.3 53.1 29.2 

70a 60 31abc 11c 21 31 24 9 
52a 26 32abc 5 lab 42 52 32 13 
44b 49 18bc 45bc 51 46 27 8 
41b 42 19bc 49bc 44 23 44 14 
47b 56 9c 37bc 20 45 21 7 
44b 22 58ab 80a 54 32 29 7 
26b 47 56ab 62ab 46 32 17 21 
50ab 23 43abc 63ab 49 46 17 3 
47b 35 59ab 57ab 50 38 38 7 
39b 54 65a 37bc 32 41 26 5 

7.5 N.S. 13.0 11.8 N.S. N.S. N.S. N.S. 
32.4 65.9 65.8 49.0 61.6 53.2 83.3 116.1 
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Table 15--Continued 

Nitrogen 
Treatment 

Percent Set by Weeks from 1st Flower 
Nitrogen 
Treatment 1 2 3 4 5 6 7 

Experiment 61H 

1 44a* 35 34 10c 37 81a 29b 
2 31a 31 35 15bc 34 39b 36b 
3 4b 23 28 14bc 43 45b 28b 
4 9b 23 35 20bc 38 32b 31b 
5 30a 26 29 15bc 30 40b 47ab 
6 28a 28 34 14bc 38 34b 35b 
7 30a 28 33 17bc 40 43b 35b 
8 14b 37 35 24bc 40 39b 17b 
9 38a 45 26 35a 50 73a 75a 
10 12b 37 34 16bc 49 41b 14b 

Standard 
Error 4.4 N.S. N.S 3.3 N.S. 7.4 10.9 
c.v. 36.8 35.0 23.3 35.8 35.3 31.6 62.5 

Experiment 61J 

1 35b* 71 52 53 36 31 33 
2 69a 84 54 60 45 37 30 
3 40ab 70 48 51 38 27 28 
4 27b 80 60 67 52 34 28 
5 25b 64 55 59 53 36 33 
6 52ab 67 56 59 47 33 39 
7 48 ab 70 46 60 41 32 32 
8 35b 59 43 53 42 31 33 
9 29b 69 37 61 36 32 21 
10 69a 58 46 64 40 32 38 

Standard 
Error 9.4 N S. N.S. N.S. N.S. N.S. N.S. 
c.v. 43.9 18.0 26.1 15.8 19.2 19.0 29.3 
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Table 15--Continued 

Percent Set by Weeks from 1st flower 

8 9 10 11 12 13 14 15 

44 41 36 22 46 53 54 18abcd 
77 75 12 47 34 60 37 32a 
57 59 39 62 69 46 26 5cd 
50 34 36 64 67 78 48 19abcd 
37 42 26 37 67 59 51 3d 
41 50 25 80 28 58 44 14abcd 
42 42 42 46 66 66 55 llbcd 
32 16 37 65 51 57 57 2 4a be 
73 35 33 33 43 52 42 24ab 
46 75 32 32 72 59 60 31a 

N.S. N.S. N.S. N.S N.S. N.S N.S. 5.6 
39.4 80.9 89.1 63. 1 41.1 42. 6 45.4 61.8 

14 29 83a 62 50 
30 65 66ab 50 63 
19 51 63ab 58 78 
22 39 58abc 66 56 
17 36 79ab 56 27 
20 52 41bc 82 34 
19 49 66ab 76 58 
23 38 26c 65 74 
19 73 58abc 49 46 
34 42 44bc 69 34 

N.S. N.S. 11.1 N.S N.S. 
61.9 40.5 37.4 46. 8 71.2 

*Means with same letter belong to same population 

i 
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same arrangement as were the treatment means for weekly 

flower production. Where rearrangement of the treatment 

means for boll production occurred, the rearrangement 

could be accounted for by the variations in the weekly 

percent set. 

It is of interest to note the variations in 

percent set of any given treatment from week to week. 

This variation in percent set is indicative of the 

adaptive habit of the cotton plant in its response to 

culture and environment. If growth conditions are unfavor

able, the plant will become essentially dormant, ceasing 

to set bolls. How long the plant remains in "cut out" 

depends on ensuing growth conditions and on the existing 

boll load. When the limiting factor is eliminated, growth 

conditions resume and the plant can compensate by retaining 

very high percentages of the later flowers. The week to 

week variatiaions in flowering, boll setting are in a sense 

a result of the sum total of the factors that affect plant 

growth. Hie supply of nutrients and moisture, the current 

boll load along with the cultural and environmental condi

tions all affect the variations in the fruiting habit of 

the cotton plant. 

The weekly flower and boll production of selected 

treatments from each experiment are illustrated in figures 

7, 8, 9, 10 and 11. The effect of adequate nitrogen on 

flower and boll production at location 59J was to increase 
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the intensity of flowers and to extend the period of high 

flowering intensity. Treatment 2 (100 pounds nitrogen per 

acre at planting) supplied adequate nitrogen'to the plants 

throughout the season. The plants in treatment 5 were 

stressed for nitrogen early in the fruiting period. The 

stressing of plants for nitrogen decreased the flower 

production. The plants in the control plots were stressed 

for nitrogen most of the growing season. It is important 

to note the pattern of flowering at this location. The 

shorter growing season at the elevation at which experi

ments 59J, 60J, and 61J were conducted, limited the cotton 

plants to a "one peak" flowering pattern. There was little 

difference in the flower or boll production of the various 

treatments after the seventh week of flowering. This was 

noted earlier in the discussion of the analysis of the 

weekly flower and boll production data of experiment 59J. 

Timing of nitrogen applications to cotton in this climatic 

area is critical. In some of the lower elevations of the 

state where cotton is grown and in some years there are 

"two peak" flowering seasons. In these areas and/or seasons 

the cotton plant has an opportunity to compensate for flower 

ing losses in the first peak during the second flowering 

period. In the "one peak" areas flowering losses due to 

early nitrogen stress cannot be regained by later applica

tions of nitrogen, hence the reason for the critical timing 

of nitrogen supply. 
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The fruiting patterns of treatments from experiment 

60J are illustrated in figure 8. These patterns also show 

a "one peak" flowering season. Nitrogen applications 

increased the intensity of flowering and the length of the 

high intensity flowering period. Treatment 3 received an 

application of 150 pounds of nitrogen per acre at planting. 

This rate of nitrogen also was applied to plots in treatment 

9 but in three 50-pound applications. Both treatments 

provided adequate nitrogen for plant growth throughout 

the season. There were no significant differences detected 

in the total production of flower and boll or yield from 

these two treatments. Nitrogen treatment had no significant 

effect on flower or boll production after the seventh week 

of flowering. 

Weekly flower and boll production of selected treat

ments of experiment 61G are illustrated in figure 9. The 

flower production of plants in the control plots at this 

location approached the flower production of plants that 

received nitrogen applications. Treatment 2 (100 pounds of 

nitrogen per acre at planting) and treatment 4 (400 pounds 

nitrogen per acre at planting) produced significantly more 

flowers than the control. The total boll production of 

these treatments were arrayed into two overlapping popula

tions and there were no significant differences in yield. 

The 61G experiment was located in what is normally a "two 

peak" area; however, the 1961 season was unusually short 
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probably due to a cool spring; consequently, the second 

flowering peak was not as prominent as usual. 

Figure 10 contains the weekly flower and boll 

production patterns of selected treatments of experiment 

61H. Treatment 2 received an application of 100 pounds 

of nitrogen per acre at planting, treatment 4 received an 

application of 600 pounds of nitrogen per acre at planting 

and 100 pounds of nitrogen per acre was applied to treat

ment 9 at the time of first boll. The plants in treatment 

2 had adequate nitrogen until the middle of July at vAiich 

time the petiole nitrate dropped to what appeared to be a 

critical level. The flower and boll production of plants 

in treatment 2 late in the flowering period was very low. 

The petiole nitrate of plants in treatment 9 was below the 

critical level before the first flowers appeared. This 

resulted in reduced flower production during the first 

flowering peak. Nitrogen was applied to plants in treat

ment 9 the first week of July. The petiole nitrate increased, 

vegetative growth along with flower and boll production also 

increased. The plants in treatment 9 were able to compensate 

to some degree for the losses of flower and boll production 

of the first flowering peak by increased production during 

the second flowering peak. Significant differences were not 

found between treatments 2 and 9 in total flower production, 

total boll production or yield. Plants in treatment 4 had 
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adequate nitrogen throughout the season. These plants 

produced significantly more flowers, more bolls and a 

higher yield than the plants in the other treatments. 

The fourth week flower and boll data represent a 5 day 

week rather than the usual 7 day tagging period. This 

caused an apparent dip in the flower and boll production 

of all treatments for the fourth week. If the flower 

production for the fourth week was computed on a 7 day 

basis, the dip was eliminated. 

The soil at location 61J was very high in soil 

nitrates. The flowering pattern (figure 11) of the control 

(treatment 1) was indicative of the availability of soil 

nitrate at this location. One hundred and 600 pounds of 

nitrogen per acre were applied to treatments 2 and 4, 

respectively. Significant differences in flower production 

at location 61J were not detected. Treatment 4 produced 

significantly more bolls than did the control. There was 

a slight increase in yield due to nitrogen treatment. 

Figure 12 illustrates the importance the length 

of the season can have on the nitrogen timing-fruit pro

duction relationship of cotton. If the plants in treatment 

9 of 61H had been grown in the same climatic area as 61J, 

the flower and boll production would have been reduced by 

about one third. The data illustrated in figure 13 were 

from an experiment in 1960 at a lower elevation. The data 

from this experiment have not been presented because the 
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experiment had a uniform application of nitrogen fertilizer 

applied in mid season. This application modified any effects 

of nitrogen treatments. However, the 1960 season was an 

excellent example of a "two peak" flower season and for 

this reason the fruiting data for one of the treatments 

from the 60G experiment are given. The importance of the 

second flowering and boll setting peak in this particular 

season is indicated since approximately one third of the 

flowers and bolls were produced during the second peak. 

This "top crop" added approximately one bale per acre to 

what would have been a two bale per acre crop in a "one 

peak" season or area. 

In the "one peak" areas it is important that plants 

have an adequate nitrogen supply early in the season so that 

maximum flower production will occur during the first and in 

this instance the only flowering peak. In the "two peak" 

areas, the plants can compensate to some degree for early 

nitrogen deficiency if nitrogen is applied later. However, 

in some years "one peak" seasons occur in the normal "two 

peak" areas. Soil nitrate analysis along with petiole 

nitrate analysis can be used to plan a fertilizer program 

that insures an adequate supply of nitrogen for the plants 

throughout the growing season. 
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Boll and Fiber Properties 

The treatment means of experiments 59J, 61G, 61H 

and 61J for the various boll and fiber properties are found 

in table 16. The weight of the seed cotton from 25 bolls 

was a measure of boll size. In general nitrogen increased 

the size of bolls. The one exception occurred in experiment 

61G where significant differences in yield were not detected. 

The rate or timing of nitrogen application had little signi

ficant effect on the size of the bolls. As is commonly 

observed, the boll size for the same variety increased 

with an increase in elevation of the experimental site 

(table 1). 

The lint percentage of the bolls in the 59J experi

ment was affected sligjntly by nitrogen applications. The 

lint percentage data were arrayed into three overlapping 

populations. Significant differences in lint percent were 

not detected in the 1961 experiments. 

The lint index or weight in grams of the lint from 

100 seeds was not affected by rate or timing of nitrogen. 

The seed index or weight of 100 seeds was significantly 

increased in all experiments by nitrogen application. The 

rates and timing of applications that resulted in a high 

nitrogen supply throughout the growing season tended to 

increase the seed index. The number of seeds per boll was 

not significantly affected by nitrogen treatment. However, 



TABLE 16.--Influence of Nitrogen Treatment on Boll and Fiber Properties. 

Nitrogen ^ Seed Seeds Fiber^ Fiber^ „ Fiber 

Strength Fineness Treatment Percent Index Index Pei: Length Length of 25 
Bolls Boll UHM M 

Experiment 59J 

1 160.4a* 36.48ab 7. 68 12. 12a 29.8 1. 08a 0. 766b 3. 70 4.35ab 

2 181.6b 36.93a 8. 10 14. 08b 29.9 1. 15b 0. 855a 3. 55 4.3lab 

3 188.4b 36.15abc 7. 80 14. 28b 32.2 1. 15b 0. 801ab 3. 52 4.23a 

4 186.1b 36.43ab 8. 18 14. 48b 30.9 1. 17b 0. 860a 3. 63 4.25a 

5 174.6b 35.35c 7. 90 14. 22b 30.4 1. 13b 0. 817ab 3. 59 4.35ab 

6 188.4b 36.03bc 8. 00 14. 42b 30.5 1. 16b 0. 812ab 3. 62 4.33ab 

7 176.7b 36.18abc 8. 08 14. 35b 30.3 1. 14b 0. 798ab 3. 66 4.38ab 

8 185.3b 35.95bc 8. 10 14. 52b 32.3 1. 14b 0. 810ab 3. 60 4.46b 

9 180.8b 35.83bc 8. 15 14. 42b 30.7 1. 14b 0. 814ab 3. 60 4.38ab 

Standard 
Error 4.31 0.27 N.S. 0.228 N.S. 0.014 0.023 N.S. 0.05 

*Means with the same letter belong to the same population. 



Table 16--Continued 

Nitrogen 
Treatment 

Weight 
of 25 
Bolls 

Lint 
Percent 

Lint 
Index 

Seed 
Index 

Seeds 
per 
Boll 

Fiber 
Length 
UHM 

Fiber 
Length 
M 

Fiber 
Strength 

Fiber 
Fineness 

Experiment 61G 

1 175.7 38.4 8.45 13. 572a* 31.9 1.08 .877 3.61 4.77 

2 175.7 38.1 8.55 13. 87abcd 31.3 1.09 .877 3.60 4.70 

3 169.2 37.9 8.53 14. OObcd 30.0 1.08 .882 3.62 4.70 

4 178.6 38.3 8.58 13. 67ab 31.9 1.08 .857 3.62 4.65 

5 171.7 38.0 8.35 13. 67abc 31.2 1.08 .878 3.61 4.67 

6 170.9 37.9 8.57 14. 03cd 30.2 1.09 .860 3.62 4.68 

7 177.2 37.8 8.33 13. 67abc 32.2 1.08 .842 3.53 4.59 

8 173.7 38.1 8.52 13. 83abcd 31.2 1.06 .808 3.52 4.71 

9 181.0 38.0 8.63 14. 12d 31.8 1.09 .863 3.66 4.75 

10 183.3 38.5 8.67 13. 90abcd 32.3 1.08 .898 3.54 4.72 

Standard 
Error N.S. N.S. N.S. 0. 110 N.S. N.S. N.S. N.S. N.S. 

*Means with the same letter belong to the same population. 



Table 16--Continued 

Nitrogen 
Treatment 

Weight 
of 25 
Bolls 

Lint 
Percent 

Lint 
Index 

Seed 
Index 

Seeds 
per 
Boll 

Fiber 
Length 
UHM 

Fiber 
Length 
M 

Fiber 
Strength 

Fiber 
Fineness 

Experiment 61H 

1 150.4a 39.0 8.17 12.75a 38.8 1. 06a .810 3.60 4.66 

2 158.4b 39.1 8.38 13.08abcd 29.5 1.07ab .843 3.61. 4.67 

3 164.2bc 39.0 8.57 13.42cde 29.9 1.08ab .842 3.65 4.66 

4 163.86bc 38.3 8.48 13.65e 29.6 1.09b .818 3.65 4.66 

5 160.9b 38.8 8.52 13.42cde 29.4 1.08ab .847 3.69 4.69 

6 161.Obc 38.8 8.18 12.92ab 30.5 1.06a .833 3.60 4.67 

7 163.9bc 39.1 8.35 13.OOabc 30.7 1.07ab .832 3.70 4.72 

8 167.7bc 39.0 8.50 13.28bcde 30.8 1.09b .837 3.58 4.65 

9 167.8bc 39.1 8.62 13.50de 30.5 1.08ab .847 3.67 4.78 

10 170.1c 38.7 8.40 13.38bcde 31.2 1.09b .875 3.63 4.63 

Standard 
Error 2.88 N.S. N.S. 0.149 N.S. 0.008 N.S. N.S. N.S. 

*Means with the same letter belong to the same population. 



Table 16--Continued 

Nitrogen Lint Lint Seed Ŝ <|s Fiber Fiber 
Treatment golls Percent Index Index Strength Fineness 

Experiment : 61J 

1 201.0a 38.8 8. 72 13.77ab 35. 7ab 1. 09 .858 3.42 4.61c 

2 206.4abc 38.8 8. 92 14.02bcd 36. Oabc. 1. 10 .858 3.39 4.53abc 

3 2l0.4abcd 39.4 9. 08 14.OObcd 36. 5abcd 1. 10 .862 3.36 4.58bc 

4 218.Od 38.8 9. 00 14.17cd 37. 7bcd 1. 10 .877 3.36 4.56abc 

5 215.8cd 38.9 8. 83 13.90bc 38. Od 1. 10 .848 3.44 4.54abc 

6 210.labcd 39.1 8. 70 13.53a 37. 8cd 1. 10 .862 3.37 4.43a 

7 212.2bcd 38.5 8. 73 13.98bcd 37. 36bcd 1. 10 .863 3.33 4.46ab 

8 210.Oabcd 39.1 8. 90 13.75ab 37. Oabcd 1. 08 .828 3.30 4.47ab 

9 203.Oab 38.5 8. 83 14.27d 35. 0a 1. 10 .877 3.45 4.43a 

10 210.7abcd 38.8 8. 77 13.83ab 37. 3bcd 1. 10 .863 3.35 4.48ab 

Standard -

0.040 Error 3.18 N.S. N. S. 0.119 0. 590 N. S. N.S. N.S, 0.040 

*Means with the same letter belong to the same population. 
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the number of seeds per boll did differ from experiment to 

experiment. In general, the larger the boll size, the more 

seeds per boll. 

The fiber length of the upper half mean was signifi

cantly increased by nitrogen in cases where the soil nitrate 

was extremely low and severe nitrogen deficiencies occurred 

as in experiments 59J and 61H. If the nitrogen fertility 

was moderate to high as in experiments 61G and 61J, nitrogen 

treatment had no effect upon fiber length UHM. 

The mean of all fibers longer than 1/4 inch was not 

affected by nitrogen treatment except in experiment 59J. 

The fiber length mean at this location was arrayed into 

two overlapping populations. The fiber from the control 

treatment tended to be shorter but not significantly diorter 

from some of the nitrogen treatments. Fiber strength was not 

significantly affected by rate or time of nitrogen applica

tion. The fiber fineness, micronaire, was not affected by 

nitrogen treatment at location 61G or 61H. At location 59J 

and 61J significant differences were detected between treat

ment means for fiber fineness. The treatment means were 

arrayed into overlapping populations and the rate of timing 

of nitrogen had little effect on fiber fineness. 

The effect of nitrogen on boll and fiber character

istics of cotton was to increase the size of the bolls and 

weight of the seeds. Boll size and the number of seeds per 
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boll increased with an increase in elevation of the experi

mental site. Nitrogen had little or no effect on the other 

boll and fiber properties except in cases where extreme 

nitrogen deficiencies occurred. Thus the lint properties, 

which are presumed to be controlled by genetic factors, are 

not.influenced by nitrogen treatment. Therefore, if an 

optimum supply of nitrogen is maintained to produce the 

maximum yield, the increase in yield will not be detri

mental to lint quality. 

Interrelationships of Yield. Petiole 
Nitrate Levels and Fruiting 

All possible linear correlations (approximately 

18,000) between yield, petiole nitrate at the various sam

pling dates, total flowers, total bolls, total percent set, 

weekly flowers, weekly bolls and weekly percent set were 

computed for each of five experiments. Only those corre

lations that were significant and appeared to be logically 

concerned with the evaluation of the dissertation are dis

cussed. 

In the 59J experiment the correlation between yield 

and the petiole nitrate levels at the first four samplings 

were significant. This indicated that the petiole nitrate 

levels of the plants prior to the time of first boll had the 

largest influence on yield. This points out again the need 

for an adequate nitrogen supply throughout the period prior 
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to boll setting. The flowering pattern at this location 

(figure 7) indicated the effect of nitrogen supply on the 

intensity of flowering. Since this was a "one peak" season, 

the nitrogen supply early in the year was extremely important 

to flowering. 

Yield w^s correlated significantly with total flowers 

and with total bolls. The correlation between yield and 

weekly flowers and weekly bolls indicated that the variations 

in the first five weeks of flowers and variations in the first 

four weeks of bolls were associated with the variations in 

yield. Again this was in agreement with the fruiting patterns 

(figure 7) and the analysis of variance of weekly flowers 

(table 13). 

The petiole nitrate levels of the plants at the first 

three sampling dates (to the time of first flower) were corre

lated significantly with total flowers and with total bolls. 

There was a very high correlation (r = 0.975) between total 

flowers and total bolls. There were no significant correla

tions between total percent set and any of the other factors. 

The percent set for the second week was significantly corre

lated negatively with the weekly flowers for the first and 

second weeks. The percent set for the eighth week was signi

ficantly correlated negatively with the weekly flowers of 

the fifth, sixth, seventh and eighth weeks. 

The correlations that were computed on the 60J data 

indicated that yield was correlated significantly with the 



petiole niltrate levels of the first 6 sampling dates or uptil 

the boll setting period. Correlations between yield and total 

flowers, yield and total bolls were significant. Yield was 

correlated significantly with weekly flowers of weeks 4, 5, 

6, 7 and 8 and with weekly bolls of weeks 4, 5 and 6. Total 

flowers and total bolls were correlated significantly with 

the petiole nitrate levels of the first 6 sampling dates. 

The flowers for weeks 4, 5, 6 and 7 were correlated with 

the first 6 sampling dates of petiole nitrate levels. The 

flowers for weeks 8, 9 and 10 were correlated with petidle 

nitrate levels of dates 4, 5, 6 and 7. In the instances 

where the weekly percent set was correlated with previous 

weekly flowers or previous weekly bolls, the association 

was always negative. This negative relationship indicates 

that heavy fruiting early in the season results in a lower 

percent set at a later date. Thus, the earlier fruit have 

first call on the energy and nutrient supply of the plant, 

sometimes at the expense of the later fruit. 

There was no yield response to nitrogen treatment 

in the 61G experiment. Yield was not correlated signifi

cantly with petiole nitrate levels at any date at this 

location. The correlation between yield and total flowers 

was not significant. About 31 percent of the variations 

in yield was associated with variations in total boll pro

duction. About 69 percent of the variations in total bolls 

was associated with variations in total flowers. 
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The yield of seed cotton at location 61H was corre

lated significantly with the petiole nitrate levels at each 

sampling date starting with first flower until the middle 

of August. There were significant correlations between yield 

and total flowers and yield and total bolls. The fifth, 

sixth, seventh and eighth weeks of flowers were correlated 

significantly with yield. Total flower production was 

correlated significantly with petiole nitrate levels at 

all sampling dates except the first 2 sampling dates in 

August. Significant correlations existed between the 

petiole nitrate levels at each sampling date and total bolls. 

About 84 percent of the variations in total bolls was asso

ciated with variations in total flowers. /r 

It is interesting to contrast the relationship between 

petiole nitrate levels and total boll production at locations 

61G and 61H. At location 61G there were no significant corre

lations between total bolls and the petiole nitrate levels at 

anytime during the season. There was no response to added 

nitrogen fertilizer at 61G. At location 61H there were large 

differences in the fertility of the plots from treatment to 

treatment at any given time during the season. The petiole 

nitrate levels at each sampling date were correlated signi

ficantly with total boll production. 

At location 61J there were no significant correlations 

between yield and any other factor tested. Total flowers or 

total bolls were not correlated significantly with petiole 



nitrate levels. About 73 percent of the variations in 

total flowers was associated with variations in total 

bolls. The petiole nitrate levels at sampling dates in 

July were correlated significantly with weekly flower 

production of weeks eight .and nine. The weekly flowers 

were correlated negatively with subsequent weekly percent 

set in some cases. For example, the flower production 

for the fourth week was negatively correlated with the 

percent set for weeks five and six. 

A few general inferences may be made from the results 

of the correlation and regression analysis. In the "one 

peak1' areas or seasons, the early season flowers are more 

closely associated with yield than are the flowers that 

are produced later in the season. The early nitrogen supply 

and hence the nitrate levels in cotton petioles early in 

the season, are more important to flower production and yield 

than is the nitrogen supply later in the season. 

The correlation and regression analysis of data from 

experiments conducted in "two peak" seasons indicated that 

the yield of seed cotton can be influenced by the nitrogen 

supply throughout the growing season. Total flower and total 

boll production were influenced by the nitrogen supply through

out the entire growing season. 

When little or no yield response to added nitrogen 

fertilizer was obtained, as in the case of 61G and 61J, the 
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correlation and regression analysis indicated that the 

nitrogen supply had little or no influence on total flower 

or total boll production. Thus, if the soil was able to 

supply the cotton plants with sufficient nitrogen to reach 

the yield possibility, there were no significant associations 

between nitrate levels and fruiting. 

The fact that significant linear correlations were 

not obtained between some factors does not necessarily mean 

that no association exists. Some non-linear relationship 

could be possible in many of the cases where no significant 

linear correlations were found. Further experimentation 

might elucidate these relationships. 

General Discussion 

The application of nitrogen fertilizer to land 

planted to cotton has resulted in yield increases of as 

much as 2 bales per acre or in some cases no yield increase 

was obtained (table 7). The objective of a good fertilizer 

program is to provide adequate but not harmful or wasteful 

amounts of nutrients. The amount of nutrient to be added 

depends upon the yield possibility, the variety, the soil 

type including the initial soil fertility and physical 

conditions, water management and quality, disease, insects, 

climate and many other factors. It is difficult to determine 

the most efficient program for the nitrogen fertilization of 

cotton. For example, if a medium textured soil has a yield 
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possibility of three bales per acre and sufficient nitrogen to 

produce one bale per acre, the amount of nitrogen needed will 

be slightly more than the nitrogen composition of the crop for 

the two bale increase. Thus the amount of fertilizer nitrogen 

that must be applied will be about 75 pounds per bale or a 

total of 150 pounds for the two bale increase. This nitrogen 

can be applied in one application on such a soil but two appli

cations may be more desirable depending upon nitrogen source 

and method of application. On the other hand, if the soil is 

coarse textured and contains enough nitrogen to produce one 

bale per acre with a three bale per acre yield possibility, the 

amount of fertilizer nitrogen that must be applied to achieve 

the yield possibility will be greater than on the medium tex

tured soil due to loss of nitrogen by leaching caused by 

greater water use and percolation. The amount of additional 

nitrogen to be added might be increased by 25 to 50 percent 

depending upon the water management, rate of water intake, and 

timing of nitrogen application. Greater efficiency of fertilizer 

nitrogen can be obtained by several small applications. Surface 

texture of the soil cannot be used as the only criterion for 

judging leaching properties of the soil. The texture of the 

soil below the surface to the effective rooting depth of the 

plant must be considered as well as the water management and 

fertilizer application practice. Layers of clay or silt 

occurring in the subsurface or other stratification will 

influence rate of water penetration and thus the leaching of 

nitrate. 
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If soil samples are taken at the proper time and 

in the manner prescribed, the nitrate content of the soil 

can be used to help determine when nitrogen should be 

applied to cotton. In order for soil test values to be 

useful, the values must be correlated with yield (figure 

1) and proper evaluations of the soil test value must be 

made with respect to management and environmental factors 

that will influence the timing of nitrogen fertilizer on 

cotton. 

The level of nitrate nitrogen in leaf petioles 

has been found to be a good indicator of the nitrogen 

nutrition of the cotton plant. The use of petiole analysis 

may begin as soon as the cotton plants are large enough to 

obtain a good petiole sample. As with the soil, petiole 

samples must be taken properly for results to be of value. 

The petiole from the most recently full grown leaf has been 

found to give good results. A sample of 25 to 30 petioles, 

taken at random from an area considered to represent the 

average condition of the field, should be obtained. Suggested 

levels of nitrate nitrogen in cotton petioles at various stages 

of growth are presented in table 17. The suggested levels are 

average values that were compiled after examination of the 

petiole nitrate levels of plants in treatments which were 

considered to be adequately supplied with nitrogen. The 

critical level or level of nitrate nitrogen at which deficiency 

symptoms appear is about 2000 ppm. Therefore, if the nitrate 



TABLE 17.—Suggested Average Levels of Nitrate Nitrogen 
In Cotton Petioles at Various Stages of Growth. 

Stage of Growth Suggested Average Level 
of Nitrate Nitrogen 

ppm. 

First Squares 15,000 

First Flowers 12,000 

First Soils 6,000-8,000 

First Open Bolls 4,000 
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values at any particular stage are lower than the suggested 

values in table 17, an actual deficiency may not occur. 

However, lower levels would indicate that nitrate levels 

are dropping too rapidly and that deficiencies may appear 

in the near future. Thus, the suggested levels can be used 

to anticipate nitrogen needs, and avoid a loss in yield 

resulting from a deficiency. Under normal conditions, 

petiole analysis will indicate nitrogen needs about two 

weeks before deficiencies appear. The interpretation of 

the petiole levels must take into account the stage of 

growth, the amount of fruiting, the management practices, 

previous fertilizer history and other factors such as 

length of season that might influence the use of the test 

va lue. 

Soil and petiole analyses can be used to determine 

the nitrogen needs of cotton. However, it should be empha

sized that such a program cannot predict maximum yields, 

predict the total amount of fertilizer needed for the year, 

or diagnose problems other than nitrogen nutrition. 

The effect of applied nitrogen on the flowering of 

the cotton plant was to increase flower production if nitro

gen was limiting plant growth. When the soil does not have 

sufficient nitrogen for a normal rate of plant growth, the 

timing of nitrogen applications can be critical. The growth 

of the cotton plant is indeterminate, flowering is continuous 

with growth. Invariably the flowers and fruit are borne on 
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fruiting branches; no flowers arise directly from the vege

tative branches. The number of flowers produced depends 

upon the number of fruiting branches and the number of 

nodes. The early nitrogen nutrition of the cotton plant 

must be such that a vigorously growing plant with a good 

vegetative framework has developed when flowering begins. 

The early nitrogen nutrition is especially important in the 

"one peak" areas or seasons. If the cotton plant does not 

have the capacity to support the rapid flowering that occurs 

during the first weeks of the flowering period, the loss in 

fruiting cannot be regained. If the cotton plant "cuts 

out" because of a low nitrogen supply a period of about 

six weeks is needed after nitrogen is applied to produce 

new flowers. The plant must initiate a new flush of vege

tative growth, a fruiting branch must develop, a bud must 

be initiated, before a flower is developed. If the plant 

is nitrogen deficient before nitrogen is applied, then six 

weeks of flowering can be lost. This was the case with 

treatment 9 at location 61H. The plants in this treatment 

were nitrogen deficient when the first nitrogen was applied. 

The nitrogen was applied at the end of the second week of 

flowering, the increase in~flowering did not occur until the 

eighth week of flowering (figure 10). Thus such a timing 

of nitrogen application in a "one peak" area would be 

disastrous to yield and detrimental to yield in a "two peak" 
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area with a season shorter than normal. Even in a normal 

"two peak" season the late fruiting may not compensate 

completely for the early to mid season losses. 

During the fruiting period the food supply and energy 

of the plant appear to be utilized almost exclusively in the 

development of the fruit. When the plant becomes loaded with 

developing bolls there is a rapid decline in the rate of 

flowering, vegetative growth is greatly curtailed and the 

nitrate levels found in cotton petioles decline regardless 

of nitrogen treatment. Research published by Eaton and Joham 

(12) indicated that much of the decline in mineral absorption 

with heavy fruiting can be attributed to the reduced movements 

of carbohydrates to the roots. They also concluded that the 

reduced vegetative expansion of the cotton plant that occurs 

during the period of heavy fruiting was due both to the 

utilization of carbohydrates by developing bolls and to the 

reduced mineral absorption. When floral buds were removed 

continuously, Dale (9) found that vegetative growth continued 

without interruption. Hammer (19) showed that removal of all 

squares for as long as the first six weeks had little effect 

on total seasonal flower and boll production or yield. The 

height of plants increased with length of time the squares 

were removed. The total number of squares removed for four 

to six weeks was greater than the number of flowers produced 

on the checks during the season. This is further evidence 

that retention of buds, squares, and flowers have little 
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influence on subsequent flowering rate but that maturing 

bolls curtail flowering and fruit setting as well as vege

tative growth and root development. 

The variations in percent set that occurred from 

week to week and from treatment to treatment (table 15) 

were probably caused by the variations in boll load as well 

as differences in nitrogen nutrition. Regardless of the 

week to week variations in percent set, with one exception, 

there were no differences in the total seasonal percentage 

of flowers that were retained as bolls in a given experiment. 

The constancy of the percent set regardless of the nitrogen 

nutrition as well as the low coefficient of variation 

associated with percent set indicate that the percent set 

might be a genetic character which is conditioned by climate 

and environment. This concept is in agreement with the 

hypothesis of Eaton and Ergle (14) in \diich they postulate 

that for each variety and environment the number of fruits 

per unit fresh weight of leaves and stems is constant. 

Many workers have given considerable attention to 

boll shedding of cotton. The so-called nutritional theory 

of boll shedding, which essentially states the cotton plant 

retains as many bolls as can be supplied with carbohydrates, 

nitrogen and other nutrients, has been popular since the 

early paper of Mason (36). Even in 1955, Addicott and 

Lynch (2) in a review article concluded ''To the reviewers 
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the nutritional balance theory adequately explains most 

of viiich is known about cotton firuit abscission." Although 

Eaton (11) is credited by many as supporting the nutritional 

theory of boll abscission, he questions the validity of this 

interpretation on the basis of his work and his interpreta

tion of other data. More recently, Eaton and Ergle (14) 

advance rather strong evidence refuting the nutritional 

theory of boll abscission. They state that "even though 

the relative number of bolls carried by the cotton plant 

or the percentage of bolls shed is apparently not influenced 

by the level of carbohydrate or nitrogen supply, the absolute 

number it may develop is so affected." This conclusion is 

supported by data presented in this dissertation. Over a 

wide range of soil types and with different varieties of 

upland cotton, the percentage boll retention has been essen

tially unaffected by variable nitrogen treatments within a 

given season or climatic area, although the total seasonal 

flower and boll production has been influenced markedly. 

The rapid decline of petiole nitrate during fruiting 

under field conditions was more dependent upon the rate of 

plant growth and boll load already set than upon substrate 

nitrogen. Under conditions of adequate substrate nitrogen, 

the extent of decline may not reach a critical level insuf

ficient for the utilization of carbohydrates produced. This 

decline in petiole nitrate may be indicative of a limiting 

carbohydrate supply to roots for nutrient uptake. The 
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cessation of vegetative growth coincides with a minimal 

petiole nitrate level and maturation of fruit. The fruit 

maturation seems to have first demand on available carbo

hydrate supply. The fact that yield was not increased by 

an appreciable increase in boll retention as reported by 

by Millhollon (39) may be considered as a case of limiting 

carbohydrate supply which in turn limited the absorption of 

nitrate. The drain on the carbohydrate supply by the develop 

ing bolls thus reducing nutrient absorption would in turn 

reduce the synthesis of metabolites. Thus, this cycle 

resulted in smaller bolls with no increase in total produc

tion. 

Perhaps the nutritional theory can be stated in 

terms of flower initiation, development and boll production 

rather than in regard to percentage boll retention. Eaton's 

(15) statement that it is necessary to conclude that the 

basic cause or causes of boll shedding are unknown does not 

detract from this interpretation of the nutritional theory. 

Tharp (46) has pointed out that the cotton plant has the 

ability to compensate for unfavorable conditions at another 

period of its growth. That is, some regulatory mechanism 

causes shedding if the plant growth rate does not permit 

maturation of the usual percentage of bolls, vtfiereas under 

more favorable conditions a larger percentage of bolls will 

be set. This can be the case when comparing seasons, or 

weeks within a season. 
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In order to increase the yield potential of the 

cotton plant, it appears necessary to increase the sites 

for floral primordia through continued vegetative growth 

and flowering during the period of boll maturation. Perhaps 

vegetative growth could be continued if the carbohydrate 

supply within the plant is supplemented. Went and Carter 

(56) showed that with tomatoes a limiting carbohydrate 

supply could be overcome by sugar sprays or foliar immer

sion in sugar solutions. If the carbohydrate supply in 

the cotton plant can be increased by similar means, it 

is possible that nutrient uptake will be increased and 

permit continued vegetative growth and simultaneous fruit 

development. Control or manipulation of certain metabolic 

processes in the plant that determine the vegetative-fruiting 

balance could ultimately lead to increased cotton yield 

potentials. 



SUMMARY AND CONCLUSIONS 

Soil and plant tissue analyses were evaluated as 

techniques for use in planning a nitrogen fertilizer 

program on cotton. The yield of seed cotton, the fruit

ing habits and the boll and fiber properties of cotton 

were studied in relation to rate and timing of nitrogen 

fertilizer. The results of this investigation may be 

summarized as follows: 

1. A yield response of seed cotton to applications 

of nitrogen fertilizer was found to be dependent upon the 

initial nitrogen fertility of the soil and the yield 

possibility at a given location. 

2. In general, the effect of applied nitrogen 

was to increase plant height. The finer textured soils 

produced taller plants than did the coarser textured soils 

for any given rate of nitrogen. 

3. A higjhly significant correlation was found 

between the initial soil nitrate level and yield of seed 

cotton without additional nitrogen vhen the soil was sampled 

as outlined. 

4. The level of nitrate nitrogen in leaf petioles 

was found to be a good indicator of the nitrogen nutrition 

of the cotton plant. 

106 
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5. The nitrogen needs of cotton can be determined 

throughout the growing season by using results of soil and 

petiole analyses. 

6. The effect of nitrogen applications on flower 

and boll production was dependent upon the fertility level 

of the soil and the yield possibility. If nitrogen was 

limiting, nitrogen applications increased flower and boll 

production. 

7. Nitrogen treatment had no significant effect 

on the weekly flower production in the "one peak" flowering 

areas after the middle of August. 

8. In general the overall percentage of bolls that 

was set at a given location for a season was not influenced 

by rate or timing of nitrogen applications. 

9. The timing of nitrogen applications was found 

to be critical and dependent upon the initial nitrate level 

of the soil, the length of the growing season and the yield 

potential. 

10. All possible linear correlations between yield, 

petiole nitrate levels and fruiting were computed. The 

significant relationships were discussed. 

11. The effect of nitrogen on boll and fiber 

properties of cotton was to increase the size of the bolls 

and weight of the seeds. Nitrogen had little effect on the 

other boll and fiber properties except in cases vhere extreme 
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nitrogen deficiencies occurred. Boll size and the number 

of seeds per boll increased with an increase in elevation 

of the experimental site. 
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