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By W. H. THARP,' plant physiologist. Crops Research Division, Agricultural Research Service

Success in cotton farming is becoming more and
more dependent upon precision practices that have
been developed through research and experience.
The cotton grower of today finds it advantageous
to make use of the many advances in the mechanization of production and harvest of the crop;
to be prepared to apply chemicals, if necessary, for
control of insects, diseases, and weeds; to acquaint
himself with the best fertilizer formulas and efficient methods of applying them; and at times to
irrigate the crop, if he can.
Much information has been published on different phases of the culture and harvest of cotton.'
' Grateful acknowledgment is made of contributions to this
handbook by R. H. Peebles (deceased), George J. Harrison,
Frank M. Eaton, Harry R. Cams, B. M. WaddleJ. R. Mauney,
and D. M. Simpson, all of the Cotton and Cordage Fibers Research Branch, Agricultural Research Service, U.S. Department
of Agriculture. Figures 2, 3, and 4 are reprinted from Cottonseed and Cottonseed Products, edited by A. E. Bailey, through
the courtesy of Interscience Publishers, Inc.. New York.
- For those desiring recommendations and guidance regarding various cotton cultural operations, it is suggested that
State and Federal research, extension, and educational services are adequately prepared to furnish information specifically
adaptable to any cotton-growing localit\- in the United States.

FIGURE

This information has been supplemented with
guidance and on-the-farm advice by personnel in
agricultural research, extension, and educational
services. This handbook supplements further the
information currently available to the cotton
grower, by explaining how the cotton plant grows,
from sprouting to maturity, and how its development is affected by environmental conditions and
cultural practices.
Cotton presents a striking example of plant
adaptation through breeding and selection. Although now very widely grown under both semiarid and humid conditions as a herbaceous annual,
in its wild state it is basically a perennial woody
shrub having a semidesert habitat and growing
through a very long hot season. In many areas
in the United States where it is produced successfully it must be planted long before the arrival of
weather conditions highly favorable for its growth,
because otherwise it could not mature before its
development was checked by autumn cold.
In the United States we are currently concerned
with but two species of cotton, American Upland
{Gossypium hirsutum) and American-Egyptian {G.

1.—Growth habit of cotton: (at left) American Upland, Gossypium hirsutum; (at right) wild Arizona lintless, C. Ihurberi.

bnrbadense). Because in 1960 the Upland varieties
comprise more than 95 percent of the cotton
grown in the United Stati-s, inlorinalion presented

here is primarily for American Upland cotton (fig. 1).
Where critical differences exist between Upland and
American-Egyptian cotton, this is pointed out.

HOW THE PLANT GROWS
The Cotton Seed
Ginned seed of American Upland cotton (fig. 2)
average, by weight, about 55 percent kernel, 32
percent seedcoat, and 13 percent fuzz. The kernel
(fig. 3), or embryo, consists of a sprout and two
well-developed seedling leaves, called cotyledons.
The seedcoat (fig. 3), or hull, is composed of several tightly compressed layers of somewhat hardened
tissue.
Two features of seedcoat structure are of special
interest with regard to germination: The chalaza,
the area of specialized cells at the broad end of
the seed that absorbs moisture more readily than
any other part, and the micropyle, the opening at
the pointed end through which the seedling root
emerges.
Specialized cells in the outer layer of the seedcoat are the source of all the lint and fuzz fibers.

FI<;LRI,

2.—Fiizzv cotton seed in longitudinal and cross sections, enlarged.
(Jcjp\ liglit 1948 by Interscicncc- Publishers. Inc.. .New \'ork.

Fi,.LRF. ...-Structure of ma ure .seed o cotton as seen m longitudinal section. Seedcoat (at left): A, outer epidermis: B, outer
pigment layer, C, colorless layer, D, pahsade layer; Ê, mner pigment layer; E'. inner pigment layer differentiated at micropylar end: £ .inner pigment layer differentiated at chalazal cap; F. fringe cells; G. specialized cells at ba.se of chalazal cap;
/y membrane cells; /, raphe; J, vascular bundle; /,, funiculus; L, micropyle. Kernel (at right): A endosperm- B nucellus; D, cotyledon; ¿", hypocotyl; F, epicot\l.
Copyright 1948 by Interscicncc Publishers, Inc.. New York.

Germination
Many things influence the abiüty of cotton seed
to germinate, but mainly the strongest planting
seed are those that have fully developed embryos,
have remained reasonably dry in the field and
after ginning, and have been stored in a relatively
cool, dry place until planted. In general, the
drier the seed and the cooler the storage temperature the better the chance that the seed w/ill retain
their viability and vigor. Dryness, below 10 percent moisture, is essential to safe storage on the
farm even for a short period.
When a cotton seed germinates in the soil (fig.
4), if conditions are favorable the sprout enlarges
very rapidly. The primary root develops from the
radicle, forces its way through the micropyle of the
seedcoat, and pushes downward into the soil. The
hypocotyl, the part of the sprout between the primary root and the attachment point of the seedling
leaves, elongates rapidly and becomes arched as it
emerges through the soil. Growth and expansion
of the seedling leaves soon cause shedding of the
hull. This permits the stalk to straighten up (fig.
4) and hold the seedling leaves well above the
surface of the soil. Subsequently the bud above
the cotyledons enlarges and unfolds to form the
stem proper, from which the true leaves and the
branches develop.

and then proceeding for several feet without further change in diameter (fig. 5). The depth to
which this primary root penetrates depends on the
depth and character of soil layers and upon soil
moisture and aeration. In semiarid areas, such
roots have been traced downward for 10 feet or
more. When the taproot is injured or broken, one
or more branch roots originating near the point of
injury or the break may assume its function and
continue growth downward.
The main absorption and anchoring structure of
the cotton plant is the mass of roots, large and
small, that branch from the taproot. Interlacing
and radiating, these roots form a mat that often
extends outward to a distance of several feet from
the base of the plant. The location of the greater
part of the root system depends on the character
of the soil and the quantity of moisture available.
If the plant grows in a soil that contains litde
moisture in the upper layers but adequate moisture farther down, the main root system usually
develops chiefly at a considerable depth; but when
early growth is in fairly wet soil overlying a compacted layer, the greater part of the functional
root system is usually shallow.

The Cotton Leaf
Leaves of most American cotton varieties have
five more or less clearly defined lobes. The leaves
of American-Egyptian varieties have more deeply
cut margins than those of the Uplands. Although
leaf size and shape are varietal characteristics, climate and culture markedly aflfect leaf development, particularly with regard to thickness and
size.
The blade of the cotton leaf is usually large,
thin, and relatively hairy, although smooth-leaf
types exist (fig. 6). Its surface contains many
pores, or stomata, through which gases are exchanged between the plant and the surrounding
atmosphere. Most of the stomata are on the
underside of the leaf The leaf stalk is usually
about as long as the leaf blade. At the point
where it joins the stem or branch, it is flanked by
two small stipules.

Development of the Stem
4.—Early stages of growth: (at left) Partially germinated seed with hull removed; (at right) hypocotyl and
unfolded cotyledons at time of emergence.
Cop>TÍght 1948 by Interscience Publishers, Inc., New ^'o^k.

FIGURE

The Root System
The primary root, or taproot, of the cotton
plant grows without branching for several days
and may have reached a depth of 9 inches by the
time the top emerges from the soil. Branch (or
side) roots begin to develop about the time the
seedling straightens up and the cotyledons start to
expand. The primary root continues to grow
downward at a rapid rate, tapering rather sharply

At the lowest node (joint) of the cotton stem,
the two seedling leaves are borne on opposite sides
of the stem. One of them has a slightly higher
position than the other, because this so-called
cotyledonary node consists of two tightly compressed nodes each of which gives rise to a single
seedling leaf Every node above the seedling
leaves bears a single true leaf The true leaves
are borne in a spiral arrangement. The distance
around the stem from one leaf to the next above
or below is three-eighths of a complete turn. In
any field of cotton, the leaves of about half the
plants occur in a spiral turning from left to right
up the stem and those of the others in a right-toleft spiral.
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5.—Root systems of young cotton plants.

At the base of each main-stem leaf on a cotton
plant, in the angle (called the leaf axil) between
the leaf and the stem, there are two or, occasionally, three buds. At a node of a plant having
a right-hand spiral, the axillary structures and
their arrangement are as follows: To the left is a
rather small, inconspicuous, strap-shaped leaf,
which is unlobed, has no petiole or stipules, and
very much resembles a blade of grass. To the
right of this leaf, only slightly to the left of center

(Many fine roots were lost during excavation.)

of the leaf scar, is a more prominent bud. This
bud is the first of the axillary structures to appear,
and it plays the dominant role in the branching of
the plant. It is called the first axillary bud. The
straplike leaf to the left is the first leaf of this first
axillary. A small bud between the straplike leaf
and the first axillary is called the second axillary.
It arises at the base of this first leaf as a branch
of the first axillary. The occasional third axillary
bud appears in exceptionally vigorous plants when

FIGURE

6.—Variation in leaf hairiness in Upland cotton. Smooth leaves (exemplified by section at right) can be cleaned out of
machine-harvested cotton much more easily than hairy ones (left and center).

both first and second axillaries have developed into
branches. In a plant with a right-hand spiral it
occurs to the left of the second axillary, arising at
the base of the first leaf of the second axillary. In
a "left-handed" plant, the axillary structures have
the same basic relations but their positions are
reversed.
Normally, the first axillary bud gives rise to most
of the branches of the cotton plant, both vegetative and fruiting. If the first axillary is aborted
or conditions favoring vigorous growth are present,
the second axillary may develop into a branch.
The second axillary is usually vegetative, regardless of the character of the first. Occasionally in
the western Upland varieties and often in the
American-Egyptians, when the first axillary is
floral the second axillary develops into a short
floral branch, which is likely to be aborted. The
variants in pattern of branching development mentioned, some of which are illustrated in figure 7,
are usually associated with certain varieties; but
they sometimes occur in other varieties as a result
of environmental conditions or methods of culture.
Usually the vegetative branches occur in a definite zone near the base of the plant and the fruiting branches occur farther up the stem. The
number of nodes from the base of the main stalk
to the first fruiting branch varies considerably
among cotton species and is aflfected by cultural
conditions, particularly close spacing. In most
American Upland cottons the first fruiting branch
develops no lower than the fifth or sixth node
above the seedling leaves; in American-Egyptian
varieties, it usually develops three or four nodes
higher than in the Uplands. Fruiting branches

tend to be initiated regularly at each upper node.
Vegetative branches, although usually restricted to
the lower nodes of the stem, may develop from
upper nodes, particularly if environmental factors
restrict development of fruiting branches. Lodging
favors development of vegetative branches from
upper nodes.
New fruiting branches are produced by the terminal bud of the main stem approximately each 3
days (seasonal averages of the interval range between 2.31 and 3.18 days) during the plant's period of active growth.
Nodes below the one at which the first fruiting
branch develops do not always bear vegetative
branches. In some cottons, particularly some
American-Egyptian varieties, vegetative branches
from lower nodes are likely to be aborted during
later development of the plant.
Injury of the terminal shoot of the main stem,
such as may result from fall of hail or from thrips
activity, often causes one or more of the vegetative
branches near the tip to assume an upright habit
of growth. If the injury occurs early in the plant's
development, the entire plant may assume a more
or less bunchy habit of growth.

Characteristics of Branches
The vegetative branches of the cotton plant have a
development pattern almost identical with that of
the main stem (fig. 8); each of them develops continuously from an apical bud, and they often grow
nearly upright. Some varieties tend toward lateral
growth of vegetatives more than others. When
lateral-growing vegetatives produce fertile fruiting

branches, the weight of maturing bolls is likely to
cause them to bend over and assume an almost
horizontal position.
Fruiting branches, which, as has been stated,
develop principally from the first axillary bud at
the higher nodes on the cotton plant, are smaller
in diameter and assume a more nearly horizontal
attitude than vegetative branches. Also, their
characteristic habit of growth (fig. 9) differs from
that of the vegetative branches and the main stem
of the plant. Whereas each of the vegetative
parts has a growing point that continues throughout the growing season to produce new plant
parts, the growing point of the fruiting branch is
terminated by each flower, and any further growth
of the fruiting branch occurs through development
of the first axillary bud at the base of the leaf that
accompanies the flower. This type of development is termed sympodial in distinction from the
monopodial, or continuing-growing-point, type of

8.—Parts of a main stem (at left) and a large vegetative branch (at right), both with fertile fruiting branches.
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Node

7. — Double branching in Upland cotton—a result of
vigorous growth of uncrovvdcd plants.

FIGURE

the vegetative branches. Sympodial development
of fruiting branches in the cotton plant gives them
a slightly zigzag appearance in contrast with the
straightness of vegetative branches and the main
stem.
The first part of the fruiting branch to become
visible as the branch develops from an axillary
bud is the first floral bud, or square. As the
branch develops, this bud is carried away from its
original position by lengthening of the first internode. A leaf develops beside the floral bud but
remains very small until 4 to 7 days after the bud
becomes visible. As this leaf then enlarges and
unfolds, the first axillary bud at its base grows out
with its floral bud to form the second internode
and flower of the fruiting branch. Termination of
one growing point by a leaf and a flower and development of the first axillary at the leaf base to
form the next node and flower continue throughout the season, producing the slightly zigzag
branch immediately recognizable as a fruiting
branch.

equal regularity; the blooms appear at intervals of
approximately 6 days (seasonal averages range between 5.26 and 8.85 days).
The intervals of blooming vary somewhat among
cotton varieties, and they are affected somewhat
by method of culture and by weather. More
often than not—particularly if the season becomes
progressively cooler—the interval increases slightly
for each successive node. Fruiting intervals tend
to be shortened by prior shedding of squares or
blooms.

Structure of the Floral Bud
The following description of the structure of the
floral bud applies to a typical American Upland
cotton variety on the day before the floral bud
opens. The parts are described in the order in
which they occur from the outside inward.
First comes the whorl of rather conspicuous
green bracts (fig. 10) that, collectively, are termed
the involucre. The three bracts, set close together,
form an upright triangular structure with the floral
bud tightly enclosed in the center. Immediately
inside the bracts is the true calyx, consisting of five
short, equally lobed sepals fused to form a tight
cup around the broad lower end of the bud. Inside the calyx are the five petals of the corolla.
These are separated except at their basal point of

9. —Fruiting branches, uncut (at left) and disjointed
(at right). The original growing point of a fruiting branch
terminates with the development of the first flower, and
each later one arises between the preceding flower bud
and its subtending leaf.

FIGURE

The second axillary bud at the base of each
fruiting-branch leaf is usually vegetative and is
almost always dormant. In some western varieties
of Upland and in most American-Egyptians, under
conditions that favor heavy fruiting this second
axillary may produce a short fruiting branch that
bears a single flower and no leaf Oftentimes,
particularly in American-Egyptian cottons, the second fruiting branch is aborted; but under some
conditions it stays to maturity, with the result that
the long fruiting branch has the appearance of
producing two bolls at the same node.
When a flower opens on the first node of a
fruiting branch from either the main stem or a
vegetative branch, usually the flower on the first
node of the fruiting branch arising at the next
higher node will bloom 3 days later. Successive
buds on any one fruiting branch develop with
543618 0-60-

10.—Section of open cotton flower cut longitudinally
through the staminal column and pistil. Note that the
stieina
extends past the anthers, which have opened
stigr
(dehisced)

FIGURE

attachment but are wrapped tightly around each
other in the bud. Inside the corolla is the staminal column, bearing 10 more or less double rows
of stamens with two-lobed anthers.
The innermost structure is the pistil. The enlarged conical part at its base, called the ovary,
consists of from two to six carpels, or locules.
Typically, the ovary of an American Upland cotton flower has four or five carpels. Individual
carpels are commonly referred to as locks.
Each lock of the ovary contains 8 to 12 ovules,
or undeveloped seed. These are initiated in two
parallel vertical rows along the placenta, the central column at which the carpels are joined together.
In the cotton flower the stigma, the long tip of
the pistil, is normally composed of fused lobes the
number of which corresponds to the number of
locks.

Pollination and Fertilization
Pollination of a cotton flower—deposition of
cotton pollen grains on its stigma—generally takes
place during the morning of the day on which the
flower opens. By the time the flower opens, the
stigma usually extends to or past the circle of
anthers, so that when the anthers dehisce (break
open) freed pollen grains adhere to the sticky surface of the stigma. Bees and other insects not
only carry pollen in from nearby flowers but aid
considerably in the distribution of pollen within a
single flower. Little, if any, of the pollen distribution within a cotton flower, or of the exchange
between cotton flowers, results from air movement.
When all the pollen deposited on a flower's stigma
comes either from the same flower or from another
flower on the same plant, the flower is considered
to be self-pollinated. Cotton flowers to which
pollen comes from flowers of other cotton plants
are said to be open-pollinated or—particularly if
another variety or species is involved—crosspollinated.
Some of the ovules may fail to develop fully.
The general term applied to aborted seeds is
motes. Abortion of a majority of the seeds will
cause the boll to be shed, usually within 10 days
after flowering.
Pollen grains germinate rather rapidly on the
stigma, and their germ tubes grow rather rapidly
down the slender style. Usually the ovules are
fertilized by male cells from the pollen germ tubes
by or before the end of the day following opening
of the flower.

Development of the Boll
Once the ovules have been fertilized, the young
boll develops rapidly. For example, a boll that
will open about 50 days after flowering often
attains its full size by the 18th day of development, although at this time it is far from being
mature. The boll hardens within a few weeks
after it becomes full-sized, but it should not be
considered mature, or ripe, until just before it

8

begins to split. Drying of the carpel walls of
mature bolls causes the locks to flare open, leaving
the seed and fibers exposed. The degree to which
the dried bolls flare and the degree to which the
seed cotton fluffs out of the boll upon maturity are
primarily varietal characteristics but are influenced
to some extent by the conditions of growth.

Development of the Seed
The fertilized ovule, or developing seed, of cotton enlarges rapidly. It reaches its final length
within about 18 days after fertilization and its
final volume a few days later; but it does not attain its maximum weight until it becomes detached from the ovary wall, just before the boll
splits.
Development of the embryo within the seed envelope proceeds at a very slow rate during the
first week, when the processes of cell division and
differentiation are getting started. Between the
10th and 20th days the embryo grows rapidly. It
reaches its full length on the 20th to 22d day.
About the 32d day, it attains its full volume. At
this time it has become differentiated into sprout
and seedling leaves and completely fills the enlarged seed envelope, or hull. Further development proceeds rather slowly. Maximum dry
weight is attained only a few days before the boll
splits.
Oil begins to accumulate in the embryo about
the 15th day after fertilization. Its development
or accumulation proceeds slowly for the next week
or 10 days and then rapidly between the 25th
and 42d days, the period within which, also, protein is laid down most rapidly. In commercial
varieties pigment glands, sometimes called resin
glands, appear over the entire surface of the embryo, but particularly on the cotyledons, at this
time of rapid accumulation of oil and protein.^
Oil is contained in other cells of the embryo, not
in these glands. The glands contain the substance
gossypoi, which is poisonous to swine, poultry, and
certain other warm-blooded animals. (In certain
genetic lines, these glands are almost entirely
lacking.)

Growth of the Cotton Fiber
Each cotton fiber is formed from a single cell in
the outer cell layer of the seedcoat. First the cell,
as a thin-walled tubular membrane, grows to its
full length—usually within the first 18 days after
bloom (fig. 11)—and then it is thickened by deposition of cellulose on its inner surface.
The elongation phase of fiber growth begins as
a swelling of an epidermal cell, at about the time
the flower opens. Appearance of fibers begins on
the broad chalazal end of the seed and progresses
by degrees to the sharp mycropylar end. The
elongated cells develop into two distinctly different
' On plants of commercial cotton varieties, numerous pigment glands are found scattered over almost all parts other
than the roots.
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FIGURE

11.—The cotton lint fiber's usual rate of growth in
length.

fiber types—the long lint fibers used in the textile
mills, and the shorter fiazz fibers that make up the
bulk of the linters (fibers that remain on the seed
after ginning). In comparison with the lint fibers
the fuzz fibers usually taper more rapidly and, in
addition to being shorter, usually are much larger
in diameter and have thicker walls. The lint
fibers are white or light cream; the fuzz fibers are
similarly colored but often have a brown or green
tinge.

Elongation of lint fibers proceeds slowly at first,
then more rapidly for a few days, and again
slowly when the fiber is about to reach its full
length. Usually elongation takes place more
rapidly in short-fibered than in long-fibered cottons. Fiber length is influenced to some extent by
environmental factors, particularly water shortage
during the elongation stage of development.
Under any given set of growth conditions, fiber
length is a varietal characteristic.
Thickening of fiber walls begins after elongation
ceases. Successive daily layers of cellulose are deposited on the inner surface of the fiber wall in a
spiral fashion. Like many other critical characteristics of cotton development, the degree of
thickening and the "angle," or slant, of the spirals
distinctly depend upon variety, conditions affecting
growth, and stage of maturity.
The distribution of lint and fuzz fibers on the
cotton seed (fig. 12) diffisrs among species and
varieties. In most American Uplands both lint
and fuzz fibers are distributed rather uniformly
over the entire surface. In American-Egyptian
cottons and also in Sea Island cottons, both lint
and fuzz develop at the broad end, fuzz forms a
tuft at the sharp end, and other parts of the seed
surface are either sparsely covered with fine fuzz
or naked.
The amount of lint on a seed varies considerably among commercial varieties. (Seed of some
wild species are entirely naked.) In most Upland

■.^'f:4'-

FIGURE

12.

Variation in natural fuzz (linters) co\ering on cotton seeds, from dense to almost lacking.

cottons 30 percent of lint by weight is considered
a low "gin turnout," and 40 percent a very good
one. Cultural conditions can alter the gin turnout, but differences among varieties, in general, remain unchanged proportionally. Closeness of ginning, or the depth of cut at the gin, can, of course,
alter lint percentages.

Order and Rate of Development
The cotton plant develops according to a rather
orderly time schedule. Most of its development
phases are consistent. Other phases require longer
or shorter periods according to local climate, variety of cotton, and method of culture; with regard
to these phases, the schedule differs considerably
between one section of the Cotton Belt and the
next. Roughly, the schedule is as follows:
Emergence.—Under favorable conditions, as early
as 4 days after planting. Under unfavorable conditions, as late as 3 or 4 weeks after planting. (If
length of season is adequate, lateness of emergence
does not prevent the plants from having enough
vigor to make a crop.)
Appearance of first floral bud.—Usually, about 40
days after seedling emergence. Earlier if temperatures are favorably high, later if they are below
average. Range of interval, approximately from
35 to 45 days.
Development of floral bud into open bloom.—Usually
requires 25 days or less. Period somewhat more
constant than that between emergence and appearance of first floral bud.
Appearance of blooms after the first.—With regard to
a given node of one fruiting branch and the same
node of the next higher fruiting branch, the interval between blooms is about 3 days. With regard

to successive nodes of an individual fruiting branch,
it is about 6 days.
Boll development, from open bloom to splitting of boll —
Requires between 40 and 80 days. Variation due
mainly to temperature. Most rapid in hottest
part of season, exceptionally slow in fall. Cultural
conditions a factor. On an average, development
is more rapid for small-boiled than for large-boiled
varieties.
Shedding.—^c{\xdiTei can be shed at almost any
age, but most of those that are shed fall well before the blooming stage. Time of square shedding
is affected by factors including, among others,
drought, extremes of temperature, cloudy weather,
insect injury, and cotton diseases. Shedding in
response to injury may occur as soon as 36 hours
or as late as 10 days after the injury.
Boll shedding, practically regardless of cause,
occurs most commonly about 7 days after blooming; the interval ranges approximately from 3 to
10 days. Bolls more than 10 days old are seldom
shed except when the plant is subjected to extreme shock such as that caused by chemical treatment, severe water stress, or frost.
Boll, seed, and fiber properties.—In a boll that requires 50 days for maturing (from open bloom to
open boll), the periods required for full development of individual properties are as follows:
Days

Boll size (length)
Boll weight (dry)
Seed size (length)
Seed weight (dry)
Oil percentage of seed
Protein percentage of seed
Fiber length
Fiber strength
Fiber thickness (weight)

18
45
18
45
42
45
18
45
45

WHY GROWTH VARIES
Variability in growth of the cotton plant arises
from numerous causes, many of which are related.
The primary causes are variety, temperature,
moisture, light, nutrients, and cultural methods.

most cases the increases are proportionate. Exceptions, of course, often provide a basis for choice
of a variety to fit a particular climate or a particular method of culture.

Variety

Temperature

Each cotton variety has its own characteristics
with regard to growth and fruiting. The listing
of varieties and their individual qualities is outside
the scope of this publication.
Varietal characteristics condition the effects on
cotton growth of variations in temperature, moisture, light, nutrients, and manner of culture. In
general, differences among or between varieties
tend to persist through the many variations in
performance caused by variations in environmental conditions and in culture. If environmental conditions cause development of exceptionally large bolls, for example, boll size is increased
for both large-boll and small-boll varieties and in

Both germination of cotton seed and early
growth of the seedlings have been found markedly
sensitive to soil temperature. The minimum soil
temperature for both germination and early seedling growth of Upland varieties averages about
60° F., and the maximum about 102°. The optimum, or the soil temperature at which earliest
germination and most rapid seedling growth may be
expected, is near 93°. A small deviation from
optimum soil temperature is reflected by slower
rates of germination, of shoot elongation, and of
primary-root elongation.
'
Soil temperature continues to exert an important influence on growth and development of the
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cotton plant throughout the season; but, because
the plant soon develops its root system to depths
at which temperature rises or falls only gradually
through the summer, the growers' main concern
with temperature relates to the air temperatures
that occur when the plants are well past the seedling stage of development.
It is usually considered that air temperatures
below 60° F. contribute little if anything to the
growth of the cotton plant and air temperatures
much in excess of 100° may be unfavorable to it,
particularly if they are repeated for many days.
Higher-than-average air temperatures through
more than half of the growing season usually
cause a marked increase in the total growth of
the cotton plant. Usualh'—but not alwavs—internodes are longer and hence the plant is taller at
a given stage of development. (Often excessive
elongation of stems and branches results from
other conditions, such as inadequate light intensities combined with high soil fertility, adequate
moisture, and adequate heat. Excessive shedding
of early squares or of bolls, regardless of the cause,
results in a larger plant.)
One growth characteristic usually associated
with high air temperatures is early initiation of
the squaring phase. Plants emerging in May, for
example, have been found to take only 29 days,
on an average, to develop the first floral bud in a
locality where plants emerging in April took
nearly 40 days.
The squaring period, or the time required for
development from the newly initiated bud to the
open bloom, is but slightly affected by deviations
from the average in air temperature. For a variety that has an average squaring period of 25
days, for example, if air temperatures are relatively low the period may be near 27 days, and if
they are very high it may be near 23 days. But
temperature has a highly important influence on
the time required for bolls to mature—the period
between blooming and the opening of the mature
boll. For example, lengthening of the boll-maturing period from an average of 48 days to an average of 68 days was found to be associated with a
decrease from 80° to 71° F. in the mean of daily
average air temperature for the maturation period.
When the mean of daily maximum temperature
approached 100°, maturation required less time
but bolls were smaller--both lint and seed were
somewhat underdeveloped.
The efí'ects of air temperature on the composition of the lint and seed vary widely, partly because different factors of composition are influenced in slightly diñ"erent ways by temperatures
occurring during given stages of boll, seed, and
fiber maturation. ' Usually higher means of daily
average air temperature cause the bolls to contain
more lint, the lint to be shorter, its strength to be
greater, the fiber to be coarser, the lint percentage
to be higher, the seed to be lighter, and the oil
content of the seed to be lower. Often they cause
the protein content to be greater. Caution is

urged, however, in deducing that these variations
in cotton quality factors are caused principally by
the temperature factor. All such variations depend to a critical degree upon moisture supply;
and where moisture is deficient or is so excessive
that it critically limits .soil aeration, this has an effect on boll development that often makes temperature effects negligible.
Under good cultural practices, yield is almost
invariably greater if means of daily average air
temperature are higher than normal (without
going above the favorable range for cotton plant
development) for the main part of the growing
season. Yield depends first upon the number of
floral buds produced per acre in a season, next
upon the percentage of buds that bloom and the
percentage of blooms that mature, and finally
upon the number and weight of mature bolls produced per acre. When means of daily average
air temperature approach the upper limit of their
optimum range more squares are produced, more
of the squares develop into mature blooms, many
more bolls per acre fully mature, and total growth
and dry-matter production are markedly higher.
Percentages of squares or bolls shed are not critically different at the higher temperatures. Although lint per seed and lint per boll increase as
temperature increases within the favorable range,
yield increase caused by temperature comes mainly
from increase in number of mature bolls produced
per acre. Often as much as 75 percent of the
gain is associated with increase in number of mature bolls.

Moisture
The cotton plant makes a fairly high demand
for soil moisture—about 562 pounds of water per
pound of total plant material. This requirement
is 34 percent higher than that of dent corn, and
only 51 percent lower than that of alfalfa, grown
under similar conditions. Use of water by the
cotton plant varies markedly with climate and
with the amount and frequency of additions of
water to the soil. As the plant goes through its
seasonal development its daily water requirement
changes (table 1), not only because of increase in
plant tissue but because of seasonal changes in
environmental factors.
1.—General pattern of water use, in relation to plant
development, of cotton arown under irriaation m Texas '

TABLE

Phase of
df\ elopmenl

Emergence to
square.
First square to
bloom.
Peak bloom

.Approxinialc timr
since planling

Appro.xiinatc
(|uanlilv oCualcr
ii^.-d per dav

Days

Indies

first

ID to 4.T

Less than 0.1

first

4.') to V.^i .

0.1 lo 0.25

75 to 120

0.25 to 0.4

' Table based on data supplied by the Te.xas Agricultural
Extension Ser\ice.
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Cotton does not always yield the greatest quantity or the highest quality of products where it
uses water most efficiently. On arid western areas
where soil moisture supply is varied by change in
length of time between irrigations, for example,
total plant growth per pound of water used
reaches its maximum when periods between irrigations are long. But under such irrigation practice cotton plants often undergo drought stress,
and maximum production of high-quality lint cannot occur if soil moisture is allowed to approach
the wilting point before a rather late stage of the
growing season.
Scarcity of water is one of the factors most critically affecting growth of the cotton plant. In a
soil the moisture content of which is at or below
the wilting point,' seed fail to germinate and
young seedlings fail to grow. If this condition
continues for a long period, seedlings cannot survive. At all other stages of growth and fruiting,
the cotton plant is highly sensitive to severe shortages in soil moisture. Less severe moisture shortages often stunt growth, cause shedding of squares
and young bolls, and, if continued, reduce yields
and quality of product.
In flooded soil, the germinating seed and young
seedling of cotton soon die of asphyxiation. Excess soil moisture at more advanced stages of
growth, because it prevents good soil aeration,
tends to prevent the plant from developing roots
beyond a shallow depth and thus may cause it to
be more susceptible to drought later in the season.
Once the plant develops its root system to a considerable depth in the soil, its liability to flooding
injury diminishes because flooding seldom subjects
the entire root system to nonaerated conditions for
long periods. Excess moisture when lower bolls
are maturing often limits yields by contributing to
rotting of the bottom crop.
During the germination and emergence phase of
cotton plant development, there is little variation
in growth response to gradations between a soil
moisture content just above the wilting point and
one equaling the field capacity of the soil. Seed
germinate slightly faster toward the high extreme
of this range than they do toward the low.
When bolls mature under drought conditions,
often the seed are lighter than normal, the oil
content of seed is lower, and the lint-to-seed ratio
is higher. Under severe drought conditions, total
lint per seed or per boll is often lower but the
fibers are not necessarily shorter or weaker—in
fact, it often seems that some water stress in late
stages of development tends to assure relatively
strong fibers. Fibers affected by such stress may
be thinner walled, however, and if so they may be
wasty in the spinning process and may form neps
' A soil's moisture content is said to be at the wilting point
when so deficient that plants growing on the soil become permanently wilted. It is said to be at field capacity immediately
after any excess from flooding drains off. Between these
two points the moisture content of the soil is commonly expressed as a percentage of available water-holding capacity.
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in thread or yarns. Drought reduces fiber length,
also, if the stress interferes with boll development
at a very early stage.
Some cotton varieties have been bred and selected to tolerate drought. As a rule, short-fibered
varieties suffer less in quality under water stress
than long-fibered varieties. Varieties adapted to
stress conditions often produce comparatively iriferior fiber when matured under moisture conditions that are ideal for some other varieties.

Light
Cotton, a sun-loving plant, produces best if the
weather is relatively cloudless during the greater
part of its period of active growth.
Although some wild and some foreign-grown
species are sensitive to length of day and will not
bloom when days are long, both American Upland and American-Egyptian cottons are day neutral; that is, they respond mainly to total daily
illumination, or accumulated radiant energy, and
length of the daily illumination period in itself has
little effect on their growth and fruiting.
Germination of cotton seed is not affected by
variation in light, aside from the light's warming
effect. Seedling development in its earliest stage is
not critically dependent upon light intensities, because of the reserve supplies of nutrients stored in
the cotyledons. Elongation of the hypocotyl can
proceed in the absence of light, although development of the shoot requires illumination. Seedling
growth is checked at an early stage, however, if
photosynthesis has not been brought to a maximum by adequate daily exposure to light.
The effect of inadequacy of light during early
growth of cotton is greatest in crowded stands.
Although deficiency of light cannot be held solely
responsible for the plant's response to crowding, it
plays the major role in making lower internodes
abnormally long, reducing the number of vegetative branches on lower nodes, raising the position
of the first fertile fruiting branch, and stunting the
fruiting branches.
Fruiting activity of the cotton plant varies
markedly in accordance with total radiation.
Carefully conducted experiments and continued
observation and experience have shown a relation
between prolonged cloudiness and excessive shedding both of small squares and of young bolls.

Nutrients
Contrary to popular belief, the cotton plant is
not hard on the soil. Its nutrient requirements
are slightly less than those of corn or tobacco and
considerably less than those of peanuts or alfalfa.
When only the seed and the lint are removed
from the field, at least 75 percent of the cotton
plant's total seasonal production of dry matter remains to be returned to the soil. Where the lint
yield amounts to a bale (500 pounds) per acre,
the nutrients taken off the land in the form of
seed cotton amount to about 35 pounds of nitro-

gen (N), 14 pounds of phosphoric acid (P,0.,),
and 14 pounds of potash (K,,0). When cotton is
stripped or snapped and the burs {the dried
empty bolls) are not returned to the soil after ginning, there is an additional per-acre removal of 5,
3, and 21 pounds of nitrogen, phosphoric acid,
and potash, respectively. Large additional quantities of nutrients are required for the growth of
the plants that produce a bale of cotton. Not
counting the nutrients that remain in the roots, a
1-bale crop requires 94 pounds of N, 43 pounds
of P.,0-„ and 84 pounds of K,0.
Cotton also removes considerable quantities of
lime; smaller amounts of magnesium, sulfur, and
sodium; and minute quantities of elements including among others boron, iron, manganese, zinc,
copper, and chlorine.
All these nutrients are taken into the cotton
plant in water solution, chiefly through the root
hairs and adjacent tissues of the region just back
of the tip of each growing root. The rate of nutrient absorption is governed by a complex set of
relations and does not strictly depend upon the
rate of moisture uptake. It depends to a great
extent upon availabilitv of the nutrients, within the
zone in which the plant roots are actively absorbing,
in sufficient quantity and in the chemical forms required for entrance through the root surface and for
transport within the plant.
During the seedling phase of its development
(the phase preceding the appearance of squares),
the cotton plant needs comparatively high quantities of nitrogen, phosphorus, potash, lime, and
magnesium. As the plant enters the squaring
phase of development, its demand for nutrients increases rapidly along with its size and tissuemanufacturing ability. Of the crop's total seasonal requirement of the five main plant nutrients—nitrogen, phosphoric acid, potash, lime, and
magnesium oxide—it accumulates about 1 percent
in the first 30 days of growth and about 2.5 percent by the end of 45 days. During each of the
T.^BLE 2.—Accumulative nulrient upl/¿kf per acre nj coltou
plants producing Unt at the rate of a bale per acre '
Phase of
dexelopment

Seedling
Squaring
First white bloom.s_.
Peak bloom
First open bolls
Harvest

APP™^'mail- lime
since
planting
■^
^
Days
30
45
65
90
120
150 or
more

.^Ijproxiinate quanlit\' ofriLitricnis . ontaincci in 411 h
Stems and .Squares
'
,
leaves
and bolls
srounci
parts
Pounds
3
6
52
93
296
272

Pounds
None
None
2
13
153
266

Pounds
3
6
54
106
449
538

' Data derived from the tbllowing publication: OLSON, L. P.,
and BLEDSOE. R. P. THE CHEMICAL COMPO.SITION OF THE
COTTON P1..\NT .\NU THE UFT.^RE OF NUTRIE.NTS .AT DIFFERENT

STAGES OF GROWTH. Ga. Expt. Sta. Bul. 222, 16 pp., illus.
1942.
-Total nitrogen, phosphate, potash, hme, and magnesium.

next three 2-week periods, it accumulates 6 to 8
percent of the total that it will absorb.
Accumulation of nutrients by the cotton plant
reaches a maximum in the fruit-setting pha.se of
development, in which the plant may accumulate
about half the total nutrients it requires (table 2).
In this phase the nutrient accumulations occur
chiefly in the fruiting tissues (in the squares and
bolls), whereas before it they took place almost exclusively in the leaves, stems, and roots.
.\fter the plant passes its peak of fruit-setting
activity, its demand for nutrients decreases rather
rapidly. Almost the entire quantity accumulated
in its aboveground parts during maturation enters
the developing bolls. In fact, as the bolls approach maturity, small quantities of the elements
readily translocated within the plant mav be
transferred to them from leaves and stems. Of
the total nutrients accumulated by the plant dur- ■
ing the season, the mature bolls contain these percentages: N, 57; P.,0„ 79; K.,0, 46; CaO, 34;
and MgO, 53.
The principal eñ~ect of variation in supply of a
nutrient on the development of the cotton plant
relates to one or more specific phases of plant
growth and maturation. Nitrogen, for example, is
needed in large quantities at the stage of early
growth and elongation and for incorporation as
protein and other nitrogenous compounds within
the cells of the plant—particularly, within cells of
the developing seed. Phosphorus tends to promote
earliness, potash is required for active cell multiplication and enlargement, and calcium is a highly
important part of the cell wall structure. Each of
the elements listed earlier as taken up by the cotton plant is essential to its growth, and unless all
can be made available to the plant in adequate
quantities some phase of plant development will
suffer.
Change from low to high supply of each of the
three main fertilizers (nitrogen, phosphate, and
potash) causes characteristic alterations in growth
and fruiting.
If the soil's nitrogen supply is low, the cotton
plant becomes stunted and woody. Its mature
leaves turn yellow green and then yellow, and are
shed prematurely. The yellowing and shedding
are caused by movement of nitrogen, under deficiency conditions, from the old leaves to the
young. The roots tend to develop better than the
stems and leaves. Soil nitrogen deficiencv causes
an accumulation in the plant of carbohvclratr constituents, such as starch, and a deficiencv of nitrogenous coinpounds, such as the proteins. Because
growth is curtailed, the plant fruits quickly.
Total production is critically limited.
Increase of soil nitrogen from low to high increases vegetative development. If nitrogen overbalances the other nutrients in the soil, this retards
fruiting development and the crop becomes so late
that terminal bolls fail to mature.
In general, a high but not excessixc supply of
nitrogen, as contrasted with a low suppb'. causes
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the following specitic \'ariations: Internodes ai'e
longer, and sometimes early square shedding is
greater. Consequently flowers occur at nodes
higher on the main stalk and farther out on the
fruiting branches. Bloom production is increased,
and along with it the total set of bolls. The percentage of blooms that make bolls i.s but little
altered. Boll maturation periods are sometimes
lengthened slightly. The weight of bolls is increased, and there is a slight increase in number
of seed per boll. Seed are heavier, quantity of
lint per seed is greater, and lint fibers are usually
longer. The ratio of lint to seed often is decreased.
Protein content of the seed is increased. Oil content of the seed is reduced—but is still high where
seed weight increases markedly.
When phosphate is low, development of both
roots and tops is inhibited, plants are stunted, and
leaves sometimes develop a very dark green color.
Phosphate deficiency causes serious delay in fruiting and in maturing. Correction of phosphate
deficienc), in addition to permitting adequate root
and top development and earliness, helps in the development of maximum fiber length. Both total
growth and yields sufi'er when phosphate is deficient; but the variations associated with phosphate
increase within the adequate range are often small,
and some production characters and fiber and
seed properties are seldom añ'ected by such increase unless the supply of nitrogen, potassium, or
some other element or elements is markedly altered.
When potash is deficient, cotton plants are
stunted and the lea\es fail to enlarge normally or
to develop a normal green color. Older leaves
turn yellowish and then brownish between the
veins and appear scorched and blackened by the
time they are prematurely shed. This severe condition is called rust, or potash hunger. It limits
the number and size of matured bolls and causes
both seed and lint to have inferior properties.
In addition to being sensitive to shortages of
potash, the cotton plant responds to variations in
potash availability within the adequate range. As
potash availabilit)' increases, blooming may increase
slightly, fibers may be longer, seed may be heavier,
and the oil content of seed may be much higher.
The boll maturation period and some other production characters are not affected.
Sulfur has long been used extensively as a carrier ion in the compounding of many fertilizers;
but with the present tendency toward increasing
the percentages of N, P, and K in fertilizers, less
sulfur is being applied to agricultural land than
formerly. Sulfur is an important plant nutrient,
and instances of sulfur deficienc)' are now being
reported. On soil insufficiently supplied with
sulfur, the new leaves at the top of the cotton
plant become yellower as the plant develops. This
yellowing resembles that produced by nitrogen deficiency; but, because sulfur is not translocated in
the plant as nitrogen is under deficiency conditions, the old leaves retain their green color while
14

the young leaves yellow. A deficiency in sulfur,
like one in nitrogen, reduces plant size, but it does
not make the plants any less fruitful for their size
than plants amply supplied with the element.
The effects of correction of nutrient deficiency on
yield of cotton are critically dependent upon environmental factors and cultural practices; hence
discu,ssion of them here will be limited to a statement on the makeup of the gam in yield obtainable in this way. Where yield is increased markedly b) balanced fertilizing, 60 to 70 percent of
the increase is derived through increa.se in number
of bolls matured, 20 to 30 percent through increase in size of bolls, and only 5 to 15 percent
through increase in lint per seed.

Spacing
When cotton plants are grown in dense stands,
their .seasonal pattern of both vegetative and fruiting development differs strikingly from that of
plants grown without competition. This affects
certain components of yield and some properties
of lint and seed.
Growth and yield variations induced by varied
spacing of cotton plants in the field are usually
not consistent unless the spacing variations are
such as to bring about rather large differences in
total plant population per acre. Accordingly, in
the follo^A'ing description of variations thus induced "wide spacing" implies a population of
about 10,000 plants per acre, or 1 plant about
e\'ery 18 inches in rows spaced 40 inches apart;
"close spacing," or "crowding," implies a population of 40,000 plants per acre, or about 3 plants
per row foot in rows 40 inches apart; "very wide
spacing" implies intervals greater than 18 inches
between plants in the row; and "extreme crowding" implies 6 or more plants per row foot.
Crowded plants usually produce more total plant
material per acre than widely spaced plants. Their
internode length may average greater, the plants
are often (although not always) taller, and the
canopy of leaves is more dense. Crowded plants
bear few, if any, vegetative branches, and bear
their fruiting branches higher on the main stem.
Usually these fruiting branches are short and produce only one or two bolls each. Thus the crop
is borne close to the main stem and at considerable distance from the ground.
Close spacing usually causes bolls to be smaller,
and when this happens boll size, in contrast with
other properties of the cotton plant that are altered
by spacing, varies directly with spacing over a
rather wide range. In many instances the loss in
boll size is accompanied by small gains in the percentage of lint and the weight of lint per seed.
Fiber strength may be reduced slightly by crowding, and the fibers may be finer; but these responses
often depend more upon other factors of culture
and environment than upon spacing.
Crowding often causes increase in yield, primarily through production of many more bolls per

acre. Sometimes the increase results partly through
increase in the weight of lint per seed, but in most
instances the accompanying decrease in number of
seed per boll more than cancels any yield advantage gained in that way. The more numerous
but smaller bolls may mature early, but earlincss
attributable to crowding varies widelw in part according to variety and to other cultural conditions.
Earliness is a multiple response and is seldom, if
ever, associated with x'ariation in a single enx'ironmental factor or cultural practice. If earliness is
defined in terms of first bloom, then crowding will
seldom be found advantageous \s-ith regard to it,
because of the higher position and hence later development of the first fruiting branches on crowded
plants. However, when crowding causes the few
bolls per plant to develop in the part of the season
that is most favorable for rapid maturing of bolls,
the crowded plants are ready for harvest ol the
entire crop sooner than more widely spaced plants,
which usually produce and develop bolls o\'er a
longer period.
The higher per-acre rate of total plant growth
commonly associated with crowding has other
effects on the seasonal development of the cotton
plant. The greater total leaf area developed by
crowded plants co\'ers the ground better and thus
aids in weed control. VVhere crowding forces
plants to grow extremely tall and to bear their
fruit near the top, the plants mav lodge.
The net advantage or disadvantage of a given
spacing is related not only to the variety used and
the environment but also to man\' aspects of culture
and harvest of the cotton crop.

Fruiting Adjustment
The cotton plant seems wasteful because it frequently matures bolls from less than half the blooms
it produces. But the excess of blooms is far from
being a waste; it provides a very important means
of fruiting adjustment or compensation.
Within the cotton plant there is a mechanism
that causes shedding of unusually large percentages
of the young bolls if the plant's growth rate does
not permit full maturing of the usual percentage
of the bolls. This regulatory mechanism also
causes bolls to be retained at a higher-than-average rate if the plant's total growth rate is well above
average. Thus the rate of boll retention at any
stage of fruiting development depends upon two
things, the current rate of total plant growth and
the boll load already set.
Usually the blooming pattern of the cotton plant
consists in a gradual rise in rate of bloom production to a midseason high and a rather abrupt
tapering oflf as the plant becomes loaded with developing bolls. Percentage of boll setting (jften
averages verv high for the first blooms. It gradually diminishes as total bloom production rises.
Nevertheless, because of the much increased rate
of blooming during midsummer the actual number
of bolls being .set increases at that time.

Environmental and cullLiral sources of \ariation
already discu.s.sed here have considerable effect, of
coin-se, on the seasonal blooming and fruiting patterns of the cotton plant. Extreme summer heat
in a few far-western localities, for example, sometimes ,so reduces total grrnvth rate that it seriously
retards all fruiting activity. When more favorable
weather follows, the plants compensate b\' retaining very high percentages ol their later blooms.
Similarly unseasonable cold weather, moisture stress,
excessive flooding, prolonged cloudv weather, and
hot, dry winds all alter the normal fruiting pattern
at least temporarily.
.Se\'eral other sources ol fruiting inegularity conFront the cotton gro\s'er. Insects and diseases
cause loss of many earl)' scjuarcs or )'oung bolls,
often with the result that bolls are retained in
\ery high percentages at later periods. Deep
cultivation cuts many roots and, unless followed
immediateh by rain or irrigation, can shock the
plant and thus tcmporarilv lower the retention rate.
Likewise sidedressing with certain types of fertilizer
prodLices a temporary toxic condition that results
in excessive shedding of sc|uares and blooms for a
short period.
The cotton plant has another adaptive habit
that results in considerable variation in its response
to culture and environment. If growth conditions
suddenly become unfavorable when the plant is in
its active boll-maturing phase, the ¡DlaiU will "cut
out," that is, become essentialK' dormant, ceasing
to set bolls. How long the plant remains in cutout depends in some degree on ensuing growth
conditions and in some degree on the existing boll
load in relation to total plant growth. Alter cutout. a|j|jar('nil\. the Ijolls h,i\i- first (kiiiii on tinplant's photosvnthetic laciluies and nutrient reserves. If the load of immature bolls is large in
relation to total plant growth, the cutout period
lasts the remainder of the season. If the boll load
is comparatively light, the plant promptly resumes
active growth and fruiting when favorable conditions return.
Where chemicals are used to defoliate cotton
plants or desiccate them (dry them up without
causing shedding) prior to harvest, the resultant
loss of photosvnthetic capacity usually causes the
plants to cut out. Often, however, if favorable
conditions develop after "harvest aid" treatment
the plants resume growth. Some of the so-called
second growth occurs at the tips of stems and
branches, unless all the terminal buds have been
damaged bv the chemical treatment; usually most
of it develops from axillary buds. Under favorable conditions, this type of regrowth is so vigorous
that a field of defoliated or desiccated cotton can
soon gain as many green leaves as it lost through
chemical treatment. (This, of course, defeats the
purpo.se of harvest-aid applications. )
This regrowth is regulated in much the same
wav as regrowth after within-season cutout. The
length of the cutout period depends chielh ii|X)n
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the stage of boll maturity at the lime of treatment. If the plants are loaded with developing
bolls, regrovvth is delayed for some time or never
takes place: if most of the bolls ha\e matured or
almost matured by the time of treatment, the
plants may resume growth within a very few days.
Supplies of nutrients and moisture largely govern
the cutout-and-regrowth sequence. If the plants'
supplies of nutrients (nitrogen in particular) are
exhausted, or nearly so, by the time the crop of
bolls matures, regrovvth is considerably retarded or
amounts to little. Similarly, if the last irrigation
or rainfall suffices only to carry the plants to the
point at which they mature their main crop of
bolls, regrovvth is delayed or inhibited.

16

Cotton varieties differ considerably in their characteristics with regard to growth interruption.
Some varieties, classed as determinate, load up
heavily early in the seasfjn and cut out quickly
under unfavorable conditions. Other varieties,
classed as indeterminate, have slow initial rates of
blooming and setting and are less heavily loaded
when stress occurs. These do not cut out so early
and usually do not remain in cutout so long.
Under conditions such that even a slightly unfavorable environmental change causes determinate varieties to cut out, such a change causes indeterminate varieties to slow down but never causes
them to stop growing and setting bolls.
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