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UNITED STATES DEPARTMENT OF AGRICULTURE
WASHINGTON, D. C.

THE EFFECT OF CRAZY TOP DISORDER ON
COTTON PLANTS AND ITS CONTRCL
BY IRRIGATION MANAGEMENT

By Curaune Hors, junior horbiculturist, G. I, Kixe, senior agronomist, and
Ortan Pamrrun, assistant scientific atde, Dirision of Cotton and Other Fiber
Craps and Diseases, Bureaw of Planl fndust ry
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INTRODUCTION

A growth disorder of cotton plants commonly known as “‘erazy top”’
and technically named acromania has been prevalent in parts of the
cotton-growing districts of Arizona for severa] years. Cook (6) 1
was the first to describe the disorder and pointed out its similarity to
some of the mosaic disesses. King and Loomis {7#) reported that the
extent of the crazy top injuries was closely associated with cultural
conditions and showed evidence that improvement in the soil con-
ditions caused a reduction in severity of the symptoms.

King and Loomis (76) recorded wheat they believed to have been
the first occurrence that was recoguized as a definite disorder. A
small spot in which the plants were aberrant was observed by one of

# Italie numbers In parentheses refer to Literature Clled, p, £2.
46385°—48—1 1
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the writers in a field of Pima Egyptian cotton near Scotisdale, Ariz.,
in 1919. Upland cotion was nob grown commercially in the Salt
River or Cass Grande Valleys at that time, but soon afterwards it was
mmfroduced and the same observer identified the disorder in a field of
upland cotton near Casa Grande, in July 1922. By 1924 the disorder
had become foirly commen and from 1926 to 1934 it could be found to
some extent in & large proportion of the cottonficlds of these valleys.
It is now one of the importart problems of cotton production in these
districts, and is of considerabie economic importance.

In 1926, mild stages of the same disorder were recognized in the San
Joaqum and Imperial Valleys of California. In the San Joaquin
cotton districts the disorder had become more genersl by 1933, and
although it was not severe enough to greatly reduce the yields it began
to attract attentinn and give concern to some of the growers.

Preliminary studies on the crazy top disesse disclosed that the
prevention or cure of the disorder was not a simnple matter. King
and Loomis (/8) published dats indicating that alinlfa rotations were
beneficial in reducing the extent and severity of crazy top. King
(15) compared it with water stress in cotton, and presented some data
on Hlowering and shedding of affected plants as compared with noimal
plants. Few measurements of the effects of the disense on the plant
bhave been recorded. For the purpose of determining the extent of the
injury to the affected plants through the derangement of the fruiting
processes, detailed data were collected in 1931 and 1932 on the
flowering and fruiting of aberrant Pima cotton plants. At the same
time, the effects of the disorder on the rate of growth, the plant habit,
the gross morphology of the {lower, and on the fruit were noted.
Some experiments als: were conducted in budding and grafting of
diseased and healthy parts of the plants in an attempt to determine
the nature of the disease or the factors responsible for its development.

A limited investignfion was made of the chemistry of plants
affected with crazy top and of normal plants grown under sumilar
conditions. In this study only a limited number of samples were
analyzed, and only a few of the more essential elements were deter-
mined. While the data do not appesnr significant in making known
the cause of the disorder, they appear valuable in a negaiive way in
reducing the probability that the cause is associated with a deficiency
of the more essential elements. They also add to the general informa-
tion on the chemistry of the cotton plant, a subject which bas received
little study under irrigated conditions.

The writers and other investigators have noted from time to time
the effects of various methods of Irrigntion on the disease. These
observations indicated clearly that the severity of the disease, the
tendency to recovery, and, in some cases, the incidence of the disease
were influenced by the moisture supply. During 1933 and 1934
comprehensive experiments were conducted at Sacaton, Ariz., in an
effort to determine the effects of some of these methods of irrigation
on the development of the disorder. The results of these experiments
add much to the information on the crazy top disorder and on the
conditions that govern its oceurrence,

The datu obtained in the various studies of the disorder are reperted
end discussed in this bulletin under {hree general divisions: Physiology
snd Morphology, Chemical Compusition, and Lirigation Experiments.
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OCCUREENCE OF CRAZY TOP IN PIMA COTTON AT THE SEED FARM,
SACATON, ARIZ.

The seed farm at Sacaton, established in 1917 for the production
of pure seed of Pima Egyptian cotton and other crops, is operated
in conjunction with the United States Field Stution. It is located
on soil of the Mohave sandy loam type which contsins considerable
amounts of caleareous material known loeslly as “caliche” (9).
TFrom 15 to 20 acres of Pima cotton are grown each year. The crazy
top disorder was first cbserved at the seed farm in 1921. Tt has
occurred o some extent in all cotton grown since then.  Almost all of
the data presented in this bulletin were obtsined from observations
and experiments on the seed-farm Pima cotton.

The extent of the disorder has varied from year to year, but no
measurements of it were made until 1931. In the seasons of 1931
and 1932 an average of 16.4 percent of the ares planted to cotton
was occupled bv plants affected by crazy top. Figure 1 shows the
location and extent of the disorder for the two scasons on section D
on the seed farm. It is apparent from these diagrams that many
of the crazy top spots in 1032 are not in the same positions as were
the spots in 1931. On the other hand, therc is evidence that the
number and extent«of the spots have some relationship to the indi-
vidual “borders.” * The behavior of the diseased plunts in these
plantings was characteristic. Typically, the plants remain normal
and fruitful untillate July and then become deranged rather abruptly
with the appearance of the disorder. There is a tendeucy for the
- affected plants to occur in spots which vary greatly in size and are

scattered throughout the_ficld. Often all the groups “‘go crazy”
at about the same time. In 1931, the first symptoms of the disorder
were noted on July 18; and in 1932, on July 20,

DESCRIPTION OF SYMPTOMS

Cook (6 described the crazy top disorder in detail in 1924, but it
seems desirable to record here some of the prominent characteristics.
The first symptoms of the disease are characteristically abrupt and
are discernible only in the new growth made by the plants. The
previous growth usually appears normal, Heavy shedding of flower
buds and young bolls usually accompanies or may slightly precede
the appearance of the disorder.

In uplend vareties, typical features of the ahnormal growth, as
described by Cook, include “reductions and distortions of lenf
blades, petioles, internodes, involucral bracts, and floral organs,
with all stages of sterility from complete suppression of the Horal
buds to the development of small unsymmetrical bolls.” Reduction
in the size of the leaves is usually accompanied by partial suppression
of the lobes of the leaf blade. The Jeuves may sometinies he aborted,
There is no leaf discolorntion. “Brunching is very irregular, with
fruiting branches largely suppressed or trunsformed into vegetative
branches which also are very irregular in size’ (fig. 2).

Late in the season some of the upland plants muy resume flowering
and fruiting and may produce normal or nearly normal leaves, but
often there is no tendeney to return to normaley.

1 For eontvenienes L abbreviated term “harder't comeon!y used by Arizons irripators is used instend
of “border strlps” o referring Lo the ures hetween bevees,
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In Pima Egyptian cotion, Cook (6) considered that ebnormal

branching and sterility of the affected plants are the chief features
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Fiaune 1,~—-Diagram showing distribution of 'ims cotton pinnis affected with crazy top disorder in tha 10
horders of section T ot the seed furm, Siacatan, Ariz, () in 162) and (B) In 1032, The continuous paral-
el lines Indleata Lhe levees separating the borders, os loid out for frriguticn.

(fig. 3).

One characteristic of crazy top in Pima is the regular

“recovery’ or the resurnption of fruiting in Iate summer. Ordinarily,
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Fioung 2—Irregular bronching I thie wops of npland piants pifecled withh the cruzy top disorder. 'Tha
ascending bronches are vepetutive in churacter, some being lrunsforised (roitiog branches and ollers
arising from uxilsry bads gl bigher podes,
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after the plants enter into this period of recovery they flower and
fruit }irofusely, the disecased plants often setting more bolls than
normal plants. However, these bolls are set too late to mature
except when the first frosts are unususally late.

Fasciation or adhesion of branches oceurs frequently in planis
affected with crazy top. Due to the failure to form a normal abscis-
sion leyer at the bases of the pedicels, many dead squares {flower
buds) and young bolls that normslly would have dropped off remain
on the plants.

Subsequent observations by the writers have disclosed other
effects of crazy top ou the cotton plant. In Pima cotton the distor-

Fiaure $—Compurison of Pl cotion plunts.  Note thuy the contenl froiting branches of the nifected
plant {right) are slimest sierlle, nod some heve chonged jute vegetetive braovhes. ‘The sorinsl plant
(left) muturerd nomueh enrlier erop of bolls.

tion of the leaf blades is usually as great as in uplend cotton, and
severe distortion is nearly always accompanied by the complete
suppression of the lobing. Such leaves are often quite round and
may not be reduced in size. Severe crumpling and cupping of the
leaves is also common in deranged Pima plants {(figs. 4 and §). It
was first observed in 1933 that the epidermial hairs on the leaves of
the abnormal growth on both upland and Pima plants are nearly
always completely suppressed {fig. 6, A and B). Leuaves produced
before the appearance of crazy top, and those produced late in the
season after recovery has set 1n, develop their hairs normally.

Very few flowers were produced in the enrly stages of the disease
in the Pima cotton that was under obscrvation by the writers., The
flower buds are usually shed while quite young. As the season
advances, the affected plants begin to produce a few flowers, but
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Figuvae 4.—The affects of coary Lop on lenves and frudting branches of Pina collon piants,  Nole that
vepotative Lronehes secuby the nopund positions of fuiting boanches i the upper porticn of the plunt,
Phatapraphed Algst 30, 1833,
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they are ordinarily much reduced in size, are paler in color, and show
no petal spot or only pale spots greatly reduced in size (fig. 7).
The authers in such flowers commonly are defective, are reduced
in number and size, and fail to produce pollen. The styles and
stigmas are usually rudimentary and do not emerge above the staminal
column, The ovaries and ovules appear to be normal, though they
are sometimes smaller than average (fig. 8).

Fiayre 5—Top of a Iilna plaol affevted wiiki crzy Lop.  Note the exeessive branching, the crumpled,
distorfed lesves, nnd the axillary snuares with long pedicels.

In 1931, diagrams were made of a group of crazy top plants and of
o group of normal plants on July 21, when crazy top was first dis-
tinguishable, and again on September 3 after recovery had begun.
Typical representatives of these groups are shown by diagrams in
fizures 9 and 10. It will be seen from these diagrams that a fair
bottom ecrop was produced by the crazy top plant prior to July 21,
and at that time there was evidence of recent heavy shedd.ing. Dur-
ing the same period the normal plant had shed very little, 'The dia-
grams of the plants on September 3 show that the affected plant
continued to shed throughout the interveniug period and that the
normal plant had set a good crop, although it too had shed heavily
soon after July 21,




CRAZY TOP DISORDER

PHYSIOLOGY AND MORPHOLOGY
EFFECTS OF CRAZY TOP ON SI4E OF PLANTS

Observers have noticed a tendeney on the part of erazy top plants
to grow taller than neighboring normad plants. In order to determine
the extent of the differences in growth, if any, daily measurements
were made for 30 daxys in 1931 and for 28 days in 1932 on the height
of neighboring groups of 25 plants allected with erazy top and of

Fret 2g G Dvigferere i des elopoent of boees oo noeatal wnd eeey wop atfeeted aves of 1o eolion”
by =eptuay frats teder ~uefaee of onorecd leal showing imrmecons loirs. X4, B, s=ection fram unrler
sarfaee of o lealaleeted by ofaey tagn Note the abeened of hoars, 400

25 normal plants.  These plants alke were measured at the end of
the season after growth had ecased,  Eacly year attempts were made
to select aberrant and normal plants loeated near eacli other so that
differences in soil, irviration water, and ofher environmental factors
determining growth rates might be eliminated as fur as possible.
The plants to be measured wers marked as snon as 16 wus possible o
make a definite distinetion between deranged and normal plants.
Fizure 11 shuws by curves the average duily beight of the groups in
hoth seasons,

JUg05 —=tG— 2
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‘When measurements were begun soon after the first appearance
of the disease in 1931 the average height of the 25 crazy top aflected
plants was almost 12 em less than that of the normal plants, but on
August 26 ab the end of 30 days of daily measurements the average
height of the affccted plants was sbout 10 em greater than that of the
normal plants, and at the end of the season it was about 23 e greater.
In 1932 the aberrant plants averaged about 4 em higher than the
normal plants on July 26 scon after the disease first appeared, and
when daily measurements were discontinued on August 22 they
averaged 16 em higher, and at the end of the season 18 em higher
than normal plants.

FIGURE =4 pormal Ping coiton fower icenier) and two flowers alfecied by wraey top. The flower
shown in the cenler is typieal of those developod on plants free from the diserder. The flowers on the
right am) left shiow Lyplen) alfeets of crozy top, Witk small pelals snd biracts, undeveloped unthers, shd
depressed stigiins, B

Eaton (7) and (8) and King (15) have reported that partial or
complete defruiting of cotton plants eanses them to grow taller than
the control plants, and it is not unlikely that the extreme sterility
of the crazy top plants might be responsible for their extra vigor and
more rapid growth.

COMPARISON OF THE FRUITING ACTIVITIES OF NORMAIL AND CRAZY TOP ILANTS

In an effort to sceure an accurate measure of the eflects of cruzy top
on flowering and fruiting ol Pima cotton, daily records were made of
the number of flowers produced, the number of bolls shed, and the
number of bolls retained on neighboring groups of erazy top and
normal plants during the seasons of 1931 and 1932, Tifty diseased
plants and fifty normal planis were under observation in 1931, while
m 1932 there were 25 plants in each group. The normal plants
studied were selected from locations as near the affected ones as
possible. The records were sturted as soon as the eilects of the
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Fl:UsE s—Uatiparaliv e tarpltidony of Hovwers frn norms) P
erany tap: A, Braey, petnd, aned roprariel ive e of i et ewer; 23, e
sl ovary of nn opitected Hower, Nede in & the absenco of e
and bers aned sthetun.

B eallut s dnd pinags wifeted by
iet, petud, stassine) cobong,
a! spot g dne anpleie duvelpniment of
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disorder could be distingnished and were continued until the produc-
tion of flowers had practically ceased. In 1931 this period was from
July 22 to Qctober 12, and in 1932 from July 25 to October 8.

The data of flowering, boll shedding, and boll retention are shown
by curves in fizures 12 and 13. The general similarity of the curves
for the crazy top and the normal plants, respectively, in the two
sensons is noteworthy.

In both seasons the crazy top plaats in the end retained o great
many more bolls than the normal plants, but only a small proportion
of these were set belore September 5, which is usually the latest date
that will allow complete maturity of the bolls before frost. Usually,
too, the bolls set by
crazy top plants during
this period were small
andabnormal, Thepeak
of flower production on
the normal plants came
during late August and
carly September in both
vears, but on the dis-
cased plants the peak
eame sbout September
15, Thefloweringcurve
{or tliose })lmlts rose

S very abruptly after Sep-
3 savens oot tember 6 in 1931, a.tid
e FRUNTING BRAKGH after S(‘-ptember 4 1in
\ VEGETATIVE BRANGH 1932; and in ecach in-

3 stanee, the curve for the

Fiovris 0.—~Diagrnmimatie represeniation of o Vita eatton plant, IlOl'Il‘ll‘:-l p]u.n ts h(‘gﬂl’l to

showing firsl oliects of erazy top disorder, and o nearhy nurial . 14 .
ik, The alfected plant {1} sTows fir setof holls on (he lower dlop on almo the same
srnnches. bul excessive shedding on central branelies.  “he nor- (I!'L_V. The curves of holl

fl]:.:}l} ].:]l’,“}:-lllil)j) shows only muadernle shudding.  {Dingrammed retention agree very

closely with the compar-

able flowering curves, and the same is true for the curves of shedding

of the deranged plants, With the normal plants, however, shedding
seems to have been fairly constant throughout the season.

Table 1 is & summary of the flowering, shedding, and fruiting data
for both seasons, It may be scen from this table that in 1931 the
crazy top planis produced about 65 pereent as many flowers as the
normal plants from July 22 to September 5, but of these slightly less
than 25 percent developed bolls, whereas a little over 75 percent of
the flowers produced by normai plants during the same period
developed into bolls. However, by the end of the 1931 season the
aberrant plants had produced twice as many flowers as the normal
plants and had set approximately 81 percent more bells, In 1032,
due possibly to the milder form of the disease, the differences were
not so great, but the normsal plants still retained apprecinbly greater
numbers of bolls from July 25 to September 5 than the deranged
plants. For the entire period covered by the observations the
diseased plants retained 48.2 percent of their bolls in 1931 and 62.4
percent in 1932. The normal plants retained in these years 74.9
and 84.1 percent, respectively, of their bolls. The figures for the
nermal plants agree favorably with those reported by other investi-
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ators in Arizonas. The percentage of bolls retained by normal

ims cotton weas reported Ey King (14) in 1919 at Phoenix o range
from. 73.4 to 82.2 percent. In 1920 Martin and Loomis (19) at
Sacston found that a mean of 88.8 percent of the bolls were retained,
King, Loomis, and Varmette (17} also working at Szcaton, reported
that m 1922, 82.5 percent and in 1923, 70.7 percent of the bolls were
retained by normal Pima plants. Shedding records obtained by

£ SQUARE (reomen s}
© INMATURE 80LL

@ MATURE BOLL

#t FRUITING BRAKCH
N VEGETATIWE BRANCH

A
AR R
o
B

#e
s EMWN

A B

Frapne 10,—Dngramumntle represontnlion of the same plants (shown in My 0 on Soptember 3, 1031, The
nfected plant (A1) showsa nlmost sperile central frufting branches nnd an aboorrgst development of veges
tative branches at the top, on the fertlic branches of which are horne ¢ large pumber of Inta sfjuares. The
sinitle Jow vegetatlve limb shows a behavivr slmilor to that of the maln stein.  The normal Disnt (B
shows that much shedding occurred from the contral hranches scon after the earlier dingram was made,
but the branching structurs aod olber festures rematned nmormal,

King (15) nt Sacaton shewed that 8 Pima plants with crazy fop
averaged 117 flowers per plant and retained 41 percent of the bolls,
while 10 normal plants averaged 85 flowers and retained 73.1 percent.

Tapne 1.—dAverage number of flowers produced, bolls retained, and bolls shed per
plant on crazy top and normal plants of Pima cotion ai the seed farm, Sacaton,
Ariz,, in 1931 and 1932

Flowers
% | Bollsretohned from | Flowors Total
Year end condltion | ppae | vecorded Nowers Bolis reinined to
produced | toend of bolls
of plants %’:ﬁ{ 1§ prier to Sopt. 5 | senson emd of sepson ! shod

1931 Number | Number | Number | Percent | Nuwmber | Number | Percent | Nvmber
Normal... 5 47. 4 a0, & TR &4, 5 43.3 4.9 15.3
Aflected.. 24.0 54 T 140. 8 03,1 07,2

Normat. - i 344 30.8 B4 b 2.7 .7 841
Affected i a0 21§ Bk 7 168t . 2 02.4

1 Many of the bolls retninet on plants sffected with crazy top were Loo late Lo rench meturity.
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The number of days between flowering and the shedding of the
young bolls was recorded for each season. In 1931 the mean was
almost the samne for both the diseased and the normal plants, being
10.8 and 10.6 days, respectively. In 1932 the mean lengths of the
periods were 10.9 and 9.7 days, respectively. Approximately the
game figures for normal Pima cotton in Arizona were reported by

180 e
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25 CRAZY TOP PLANTS

DAILY MEASUREMENTS
— — REMAINDER OF SEASCN

[vs]
(s

HEIGHT (CENTIMETERS)
[0)]
Q

25 NORMAL PLANTS

DAILY MEASUREMENTS
REMAINDER OF SEASON

0!
26 5 15 25 4 14 24 4 14
JULY AUGUST SEPTEMBER QCTOBER

FiGURE 11.—Average growth aof 25 normal Pima cotlon planis nd 26 plants aifected by erazy top at the
seed [nrin, Secaton, Ariz., in 1031 and 1832, Daily messurements were made for only the flrst 30 days
in 1831 rod 28 days In 1932, and = final wewsurement was made at tha end of the growing sensons.
The remainder of the curves 15 intorpolnted.

other investigators. Xing (/4) found the mean interval between
flowering and shedding to be 10.3 days at Phoenix in 1919; Martin
and Loomis (19) recorded 10.8 days as the length of the interval at
Sacaton in 1920; King, Loomis, and Varmette (17}, working at
Sacaton, reported 10.1 days in 1922 and 9.1 days in 1923. Appar-
ently, therefore, the interval between flowering and shedding of the
young bolls by crazy top plants gives no indication that the factors
responsible are different from those which influence shedding of
bolls by normal plants.

i
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B80OLLS (NUMBER)

BoLLS {NUMBER)

FLOWERS (NUMBER)

-

\Z_

21 3! 10 20 10 20
AUGUST SEPTEMBER OCTOBER

— DO CRAZY TOP PLANTS

——-= 50 NORMAL PLANTS

FIGURE 12—Dingruns of duily Howering (A}, boll shedding (B), sud boll relention (C) un 50 nortnsi snd
30 erezy top plunts of Pimo cotlon during part of Lhe season of 193] at the seed fnrm, Sneaton, Arvis.
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EFFECTS OF CRAZ.\' TOP ON THE STRUCTURE OF THE FLOWER

Cook (6) noted that the flowers of upland cotton plants affected
by crazy top were sometimes reduced in size, and often had defective
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JULY AUGUST SEPTEMBER CCTOBER
CRAZY TOP AFFECTED PLANTS
----— NORMAL PLANTS

FrooRre 13.—DHagrams of duily fowering (I}, holl shedding (B}, and Lol retention (C) on 25 normal and
25 crary top affecied Pime cotton plints for pert of the seasun of 1032, at the seed fzrm, Spcaton, Arir

anthers. Since then the writers have observed that in Pima cotton
fowers reduced in size, with defective anthers and pistils, and with
the petfal spet weak or entirely lacking are regular features of the
disease in its more severe phuses. Attempts were made in 1931 to
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measure the extent of these abnormalities in the flowers, One pro-
cedure consisted of gathering at random 10 flowers from diseased
plants and 106 lowers from normal plants once each week from July 27
to September 30. Then measurements were made of the length and
width of the bracts, the length and width of the pctals, the length
of the staminal column, and the length of the style. At the same
time the number of bracts, petals, carpels, and ovules were deter-
mined for each flover. The number of flowers with normal anthers
was noted, and the petal spot, of ench flower was graded by referring
to a series of standards according to the method used by Kearney (13).
A grade ol 0 represents the complete absence ol petal-spot pigment
and grade 10 represents the greatest intensity to be found in normal
Pima. The length and width of the bracts were determined by
taking the greatest dimensions of one representative bract from each
flower.  The length and width of the petals were obtained by
averaging the grentest dimensions ol twe representative petals from
ench flower.

Table 2 is a summary of these measurements for the entire season.
Each item recorded in this table is un average of the measurements
of 10 Hlowers. The probable errors ol the differences hetween the
means in this table and in tables 3 and 4 were determined by the
method of Student as modified by Engledow and Yule (16), which
18 suited especinlly for puired varieties.

Comparison of the means shows that the bracts of the crazy top
flowers were somewhat smaller in both dimensions than those of the
normal flowers. The petals of the crazy top flowers were reduced
even more than the bracts, having averaged only about two-thirds
the size of the normal petals. Tn ihe normal flowers the width and
length of the petals were almost the same, being 6.3 cm wide and 6.5
emlong.  In the crazy top flowers, however, the mean width was 3.7
crm and the mean length was 4.7 em.  During September the average
size of the petals of the crazy top flowers increased noticeably.

Cook (§) pointed out that the mterruption of the normal hereditary
course in the expression of plant charscters is one of the features of
growth disordersin general.  Apparently ene instance of this behavior
18 the tendencey on the part of plants affected with erazy top to produce
flowers which do not possess the normal number of parts, 1t may be
seen {rom table 2 that of the 100 Howers examined on plants affected
with crazy top, 12 varied from the normal number of three bracts.
Only one flower on a healthy plant varied in this respect. In the
number of petals, normally five, 9 percent of the flowers from deranged
plants anud none of those from healthy plants varied; seven flowers
irom diseased plants and only one flower from a healthy plant varied
from the normal nurnber of three carpels.

The average grade of petal spot on the deranged plants reached its
lowest point, 0.3, on August 10. From that dste onward, with one
exception, September &, it increased steadily until in the finzl collec-
tion of September 30 it averaged 7.2. The meun for the season was
3.6. There waslittle variation in this character on the healthy plants,
and the average for the season wus §.4.

Only 24 of the flowers from diseased plants produced mature pollen,
and 22 of these were in the lust Lhree collections in September.  Only
1 flower from a normasl plant lucked pollen.

405" —3n—1




TanLe 2—An analysis of the compdrative maorphology tn Pisa cotlon of flowers from normal plants and from platils affecled with crazy lop,

e
collecled in samples of 10 each week for the period July 27 to September 30, 1931, at the seed farmy, Sacaton, Ariz. G0
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The mean length of staminal column of the flowers from crazy top
plants was only sbout two-thirds that of the flowers from normal
plants, and in this character, also, there was an approach to the nor-
mel toward the end of the season. In average length the style was
reduced even more than the staminal column, being less than half as
long as on normsl plants. In the first six collections the styles and
stigmas were only rudimentary in the meajority of the flowers from the
diseased plants.

The number of ovules on normal plants averaged for the season 1.3
greater than the number on the diseased piants. ~ No consistent varia-
tion from week te week in this character is discernible in the data for
either group of flowers. After anthesis, shortion of seeds occurred
to 8 greater extent on affected than on normal plants.

In another study of the effects of crazy top on the cotton fower 10
diseased plants were selected for observation. Beginning July 23,
and continuing through September 30, all flowers produced by these
plants were classified daily for size of corolln, intensity of petal spot,
development of pollen, development of stigms and style, and varia-
tion in number of bracts or petals.

The grades for intensity of petal spot were determined as in the
preceding study, while those for corolla size were based on g range in
size from petals about 2() mm long for grade 1, to petals about 75 mm
long for grade 10, with a difference of about 6 mm between each inter-
vening grade. The data, summarized by weeks, are shown by dia-
grams in figure 14,

A comparison of these diagrams with the data in table 2 discloses
very close asgreement between corresponding items. Both indicate
an increasing severity of the disorder ns shown by the characters of
the flowers until about August 15, and from then on there is evidence
of improvement. The average size of the corolla of flowers from
diseased plants during the period of observation was grade 6.7, which
would be equivalent to a petal length of approximately 5.5 em.

It is apparent from figure 14 that a high correlation exists between
the size of the petal and intensity of the petal spot. During the 4
weeks when only sterile flowers were produced on the crazy top planis
the petals were extremely small and aimost devoid of spot.

The number of petals and the number of bracts were recorded on all
of the 937 flowers produced by the 10 affected plants during the 10
weeks they were under observation. Of this number, 75, or about 8
percent, varied from the normal in the number of petals, and 151, or
about 16 percent, varied from the normal in the number of bracts.

EFFECTS OF CRAZY TOF ON THE SEED AND LINT OF PIMA COTTON

In order to determine the effect of the crazy top disorder on the seed
and lint of Pima cotton, a detsiled study was made in 1932, Seven
representative plants were selected from each of the normal and crazy
top groups used in securing the flowering and shedding data reported
above. The bolls of these plants were picked separately as they ma-
tured, and ench was placed in a bag on which was recorded the date of
the flower from which it developed, and the date of opening. The
bolls set by the plants before erazy top became discernible also were
picked, glthough no record was made of the date of the fiowers.
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Ficure 14—Eflects of the craey lop disorder on Pime cotton flowers produced July 23 to Bept. 30, 1831,
at the seed farm, Sacaton, Ariz, A, Weekly summnry of grades of size of coralla end iutensit}' of Del'-si
spot on 10 normp! and 10 orazy top *affect plants. The grades indicated were determined as follows:
Petal spot: Gradeo, nogﬂgmenl.. grede 10, most intense purplish red.  Coerolin size: Grade 1, very small,
about 20 m= long; e i), largest, ghout 75 mm long. B, Waekly summary of the tota! pumber of

Bowers produced nmt of the number beving normal and ubnormal stigmns and sothers, on 10 plants
affected with crery top.
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After the entire crop had been picked, the number of mature snd
of aborted seeds, the weight of the seeds and of the lint, the lint per-
centage, and the Jenpgth of the lint were determined for each boll,
Table 3 is a summary of these data grouped by the weeks in which the
flowers opened. The data obtained from the bolls that were set before
July 25 indicate that the disorder may have affected the normal devel-
opment of the bolls on the lower and apparently unaffected parts of
the plants. During the 3-week period from August 1 to 21, when the
effects of crazy top were most severe, only four bolls were set by the
diseased plants. The quality of the seed and lint in the bolls devel-
oped Inte in the season on these plants was not appreciably different
fromdthat in bolls from normal plants developed during the same

eriod.

P For the entire season, the average number of mature seeds per boll
from affected plants was 2.44 less, and the number of aborted seeds
approximately 1 more than in bolls from normal plants. The contents
of affected bolls were on an average approximately one-fourth lighter
in weight than the contents of normal bolls. The difference in ling
percentage was negligible, evidently because, in the affected plants,
the seed weight and the lint weight were reduced in nearly the same
ratio. Perhaps the most important difference between the two groups
of boll samples was in the length of lint; the lint from the affected bolls
was 0.16 inch shorter than that from the normal bolls. The differences
between the normal and discased plants in seed and ling charaeters
showed adverse elfects of the disease and were statistically significant,
as indicated by the probable errors of the differences, in every com-
parison except that of lint percentage.

BUDDING AND GRAFTING EXPERIMENTS ON PLANTS AFFECTED WITH CRAZY TOPF

Beveral attempts have been made in the past to transmit the crazy
top disorder from diseased to hiealthy plants. King and Loomis (16)
were unable to infect healthy plants by the use of sap from various
parts of disensed plants. Soil in which diseased plants had grown did
not transmit the disense when packed around roots of healthy plants.
Likewise, such soil when transferred to large metal containers failed
to produce the disease.

At the suggestion of O, F, Caolt, efforts were made in 1931 urd
again in 1832 to transmit the disorder by budding and grafting. In
early August of 1931, & number of buds from diseased plants were
placed on normal plants of Pima cotton, using the T or shield method
of budding. Some of the buds came from the lower and externally
unaffected parts of the disensed plants and some were from the upper,
affected parts of the plants. All of the buds lived, but only five grew
satisfactorily. Of these, three were from the lower, and two from the
upper parts of the discased plants. Regardiess of origin, however, the
growth was completely normal, and the plants used for stocks remained
normal in all cases, including those on which the buds made no growth.

At the time the ahove experiment was performed, buds from normal
plantsweregrafted on anumber of plantsseverely affected by crazy top.
The buds were placed near the tops of the plants well up into the
diseased tissue. Again, all the buds lived, and 11 made satisfactory
growth. There was no evidence of the presence of the disorder in
the growth of any of these buds. In seversl instances, vegotative




TaBLE 3.—Comparative.development of seed and lint in bolls produced weekly on 7 normal plants of Pima cotton and ont 7 plants affected with
crazy top at the sced farm, Sacaton, Ariz., in 1932
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branches of budded plants continued their abnormal growth while the
cions were making normal growth. Neighboring plants which were
crazy at the beginning of the experiment had not made more than the
ususl recovery by fall,

In 1932, larger numbers of buds were used and better growth ob-
tained, but the results asgreed with those of 1831. Out of a total of
25 norma! buds placed near the tops of aberrant plants on July 25,
20 of them developed and made good growth which was apparently
normal {fig. 15, A). Twentyive of & total of twenty-nine diseased
buds on normal plantsputinatthesame time made satisfactory growth.
All were normal and the stocks remained normal (fig. 15, B). On July
26, 12 buds from diseased planis were placed on other crazy top plants
and 8 of them grew. It is a surprising fact that the growth developed
from these buds was quite normal in appearance, while neighboring
control plants behaved in typical erazy top fashion (fig. 15, )

TUsing a bottle-graft method, five normal seedlings were grafted to
the main stems of crazy top plants on July 25 without injury to the
terminal buds of the cions. The subsequent growth was quite vigor-
ous, and entirely normal in appearance. A low vegetative branch on
one of the stocks maintained a typical diseased behavior during the
rest of the scason. Seven similar grafts were made at the same time
using normsl plants as stocks and small diseased plants as cions,
The cions apparently recovered and maintained & vigerous and normai
erowth throughout the remainder of the season. The stocks did not
appear to be affected.

Since the phony peach disease may be graft-transmitted by roots
only (11), a trial of that method was made with cotton. On October 5
and again in December roots from disensed plants were grafted onto
the roots of normal plants, and buds from normal plants were inserted
in the roots of diseased plants, Some plants in each group were cut
to the ground and were overwintered in pots in the greenhouse,
and the remainder were left in the field. Due to 2 severe winter, only
the former survived. A number of normal and diseased plants for
eontrols were overwintered In the same fashion. Of the plants that
lived through the winter, 16 were normal, 6 were normal with root
arafts of disemsed plants, 3 had normal buds on diseased roots,
and 12 were affeeted with erazy top. All were successfully trans-
planted to a plot of good soil as the United States Field Station in the
spring of 1933. The subsequent growth from both normal and af-
fected parts was quite vigorous and fruitful, and remained entirely
normal throughout the season.

TOPPING EXPERIMENTS

In 1931 the writers found a few discased plants that had lost their
terminal buds, or the top few inches ol the main stems, through in-
jury. In such cases it is common for Pima cotton to send out one or
more vegetative branches from nodes near the top of the injured
stem. With upland cotton abortion of the terminal bud is a common
symptom of the eflect of crazy top. In the case of the diseased
plants observed, the new branches were normal in appearance though
uninjured neighhoring plants remained typieally abnormal.

In 1932 an experiment was conducted that afforded further infor-
mation on the effects of topping on Pima plants affected with crazy
top. On August 2, the terminal growth to the extent of about 5
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FioUne 15.-~Growth from: cross budding between normal and crazy top nifected Pima cotton plants. .1, ‘Phe twin branches at the right, developed from a normal bud inserted
into an affected stock July 25, 1932, The vegetative limb at the left is fram the stock, and shows effects of the disorder on lenves and npper branches. B, The branch at the
rizht developed from a bud removed from a plani aifected with crazy top and inserted in a normul stock. The branch at the left is from the original stock. Both branches
are normal. €, The branch at the right on thelarge plant developed from a bud removed from n plant affected with crazy top and inserted in a stock affected with crazy top.
The growth'is normal. An atfected hrarich from the original stock is seen at the left.
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inches was broken from one %roup of diseased plants. At the same
time, from another group, all of the aberrant growth was removed.

One week later, and again 2 weeks later, other groups of plants
received the same treatmnent, Most of the plants treated the firss
2 weeks sent cut new branches, but very little new growth was made
in either group treated the lnst week. In all cases where new vege-

Figune I8—A Phos eoflon plant photograpiid Oclober 21, 8932, showiog the etfcet of “opping' In restoe-
ing normal prawth chemseters.  The tertningl prowth of the main stern was removed on July 21, 14042,
The three newly develuped vpright branches bmve normal chanicters while older branches stil] show
nhiorrunt growtls.

tative branches were produced they were mvariably normal in ap-
pearance (fig. 16). Kven in those cases where only & small part of
the abnormal growth was cut oft, the new growth was normal.

TRANSPLANTING EXPERIMENTS

In the hope that the reaection of transplanted crazy top plants
might give evidence of the nature of the disease, King and Loomis
(16) transferred four deranged plants to a productive soil. The one
plant that survived made a complete recovery from the disease,

Further trials of transplanting were made in 1831. Four badly
deranged plants were removed from the seed farm to a silty produe-




26 TECHNICAL BULLE1IN 515, U. 8. DEPT. OF AGRICULTURE

tive soil at the United States Field Station on July 23, and into the
holes left by their removal were set four normal plants from the
United Stetes Field Station. Likewise, on the seed farm, four dis-
eased and four normal plants were interchanged. All the plants
lived and ruade several inches of growth before frost. The deranged
plants recovered fully and set some bolls. All the normal plants
remained unaffected.

CHEMICAL COMPOSITION

In view of the decided changes in the morphology of the cotton
plant when affected by the crazy top disorder, it seemed important to
determine whether affected plants differed from normal plants in
chemical composition. 1t was believed that if such diflerences were
shown they might furnish a clue to certain deficiencies or excesses in
soil elements that might account for the abnormal behavior,

Since various parts of the plant differ greatly in chemical composi-
tion, it seemed desirable to know the composition of some of the
organs during the period when the aberrant growth was under devel-

- opment,

Samnples of leaves, stems, and squares were collected [rom the
plants affected with crazy top and from nearby normal plants at vari-
nus intervals during the seasons of 1930 and 1931 and prepared for
analysis.

A majority of the samples were obtained from Pima plants grown
at the seed farm, but a lew samples from Pima, plants and from plants
of the Acala variety of upland cotton were obtained from fields con-
taining areas of aflected plants in the Salt River Valley.

PEEPARATION OF SAMPLES

The leaves were collected from the upper portion of the plants,
using fully developed but not old leaves. The stem samples were
taken from the upper 8 inches of the main stalk after stripping off
branches and leaves. The squares were taken from the upper fruit-
ing branches, and represented ages from 10 to 20 d ays. The samples
were exposed for several weeks 1n & drying room at air temperature
until the weights were constant, after which they were ground and
placed in tightly stoppered hottles.

The mean percentage of moisture in samples from Pima plants
collected weekly for 7 consecutive weeks at the seed farm in 1930
was a8 follows. Tor leaves, squares, and stems from normal plants
the percentages were 76.8, 79.7, and 83.0, respectively, For leaves,
squares, and stems from diseased plants the percentages were 77.1,
79.1, and 85.1, respectively. The amount of moisture Ieft in the
samples after prolonged drying, as determined in part of the samples,
averaged approximately 10 percent for leaves, squares, and stems.
Since total moisture determinations were not made on all the samples
the chemical constituents sre reported on an air-dry basis,

METHODS OF ANALYSIS

For the most part the methods used were those recommended for
plant materials by the Association of Official Agricultural Chemists
as revised to July 1, 1924 (2). The total nitrogen was determined
by the Kjeldahl method modified to include the nitrogen of nitrates,
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The total ash was determined by igniting from 8 {o 16 g of the mate-
rial at moderate temperatures until the residue was nearly white.
The mineral constituents were determined from the dissolved ash.
Determinations were made of the sulphur, and ferric and aluminum
oxides in a few of the samples, but the quantities were small and
appeared to be of no significance and so are not recorded. Magne-
stum was determined in only & few samples.

The proportions of ash, nitrogen, phosphorus, chlorine, calcium,
and magnesium in the samples of leaves, squares, and stems are given
in table 4.

BRESULTS

The differences in the quantities of the several constituents in
normal and affected leaves of Pima cotton are not statistically signifi-
cant except thaeb it is indicated that there was a slightly greater
quantity of calcium in the normal leaves (UJ/E 2.8). In the case of
the Acaln variety, however, a greater amount of nitrogen and chlorine
is indicated in the leaves of affected plants. TWhen regarded statis-
ticaily} the differences are highly significant {(I/E 15.8 and 26.8, respec- .
tively).

In the analysis of squares from the Pima variety, those collected
from normal plants showed a significantly higher content of total ash,
chlorine, and caleium than those from affected plants.

In the stems from Pima plants the reverse was true. The affected
stems contained signifieantly higher percentages of nitrogen, total
ash, phosphorus, and chlorine than the stems from normal plants,
It might be inferred from these scantv data that the stems of affected

lents accumulate nutrients at the expense of the fruiting parts. It
1s characteristic for the branches of aberrant plants to develop lux-
uriantly, while the squares are shed freely until late in the season.
The fact that a large proportion of the bolls retained by the affected
plants show abnormal or incomplete development also would suggest
faulty assimilation of nutrients.

While little significant information on the erazy top problem js fur-
nished by these dats, they contribute to the knowledge of the chem-
istry of the cotton plant produced under irrigated conditions. They
show, as do earlier data, that there is & tendency for the ash constitu-
ents, particularly in the stems, to decrease as the plant grows to
maturity. They also show, more pronouncedly, a decresse in the
nitrogen of the plunt parts as the season advances. It is apparent
therefore that there is a more rapid assimilation of nutrients during
the early development of the plant than in the later stages. With
the exception of nitrogen in the leaves, these analyses show higher
percentsges of certain elements than are shown in analyses of plants
made in the Southeastern States {3). Thiz is especiily true of
calcium and chlorine.

FIELD EXPERIMENTS WITH CHEMICALS

The success attained in recent years in controlling diseases of such
character as tobscco frenching, pecan rosette, little Yeaf of fruit trees,
chlorosis of citrus, and other physiological diseases by the use of
chemicals (1, 4, 8, 12, 20) suggested that the crazy top disorder might
respond to such treatments. Some of these diseases respond to




TABLE’!}.—AmZySes of Pia and Acala cotton leaves, squafes (flower buds), and stens collected at various periods during the frutting sedsons .6\8
. of 1930 and 1931 from plants affected wilh crazy top and from normal planis ! : htd
[Most of the analyses were miade by 1.. W. Towle, temporary fleld assistant in 1931]

Nitrogen Totalash Phosphorus Chlorine Caleium Magnestuin.

Variety and place of collection in Date of
Arizona colleéction

Normal | Affected | Norinal | Affected { Normal | Affected { Normal | Affected { Normal | Affected | Normal | Affected

Pima leaves from— ) ) Percen
Seed farm, Sacaton... Aug. 16,1930
Do. . Aug. 23,1030

Percent | Percent | Percent | Percent | Percent | Percent |- Percent | Percent | Percent | Percent ] Percent
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Acala leaves from-—
Peoria... . 14,1930 . )8 2 il 12,68 e . 1.44

) . 28,1930 3 3.4 16, 15.34 . . 1.26
15, 1931 . 3 9 13.59 .2 2 . 108
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Pimia squares from— -
Seed farm, Sacaton........0... | Aug. 16, 1930
DOt ianinsacnus mnnanean | ARZ 23, 1930

DO e vamii et e demiens | AURS 30, 1930

Do lcivinanaioa S .| Sept. .5, 1930

L0 T R - .| Sept. 13, 1930

Sept. 20, 1830 3 L 77
Sept. 27, 1930 : 5 9.2

Mean 11, UECRRT A 9, , . 10.38 .32 ) ! 48
Mean2v, . . . idomn :

o T R

Dilference of means. R PRSI § . 2, 0, 2040, 065 0, Ofi=£:0, 04
Difference of means=P, E.. 38 3.1 4

X

Pimy stems from—
Seed farm, Sacaton. .......... .| Aug, 16,1030 i 3 . 92 i . L0
Atg. 23, 1930 . 08 . 7 2, . . .20

Aug. 30, 1930 .
Sept. 5, 1930
Sept. 13, 1930
Sept. 20,1930
Sept. 27,1030

Neani § 4. . L. . 10,3 3 : i 1,88
Mean2¢. ., R cee . . [ P

Differenci of fieans. ... S P ¥ 1, 50,43 0, 05140, 017 007710, 11 0,01£0. 03
I L0 $5 3.2 0,

Dillerence of nicans+ P, 5., 033

Acali stems from —

Oct. 28, 1930 « 807 1] 0B
RS (| R, . .- G404 .

Mol . ee e .5 . 807 7.82 0

1''he sumples contained an average of approximately 10-percont molstura,

1 Soit fertilized with wood ashes before plinting.

3 Soil fertilized with superphosphiite, .
Mean 1=meanof nll determinations. Mean 2=miean exclinling determinations on sumples not collected in pairs froi netghboring nifected and normal dreas.
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chemicals containing certain of the essentiul elements, while others
are influenced by the less essential elements like zine, boron, and
manganese. Valleau and Johnson (20) suggested that the symptoms
of crazy top as described by Cook () suggested nitrogen deficiency.
MecGeorge and Breazeale (78) have reported evidence that unfertility
of highly enleareous soils is often due to a lack of soluble phosphates.

Fertilizers high in nitrogen and phosphates were applied at ordinary
rates during the vears 1925 to 1930 to areas at the seed farm which
had a fendency to produce crazy top plants, but these fertilizers ap-
peared to have little effect in preventing or controlling the disorder.

‘In 1931 applications of ammonium, sulphiate were made at rates
of 400, 600, and 950 pounds per acre to several areas on which the
plants were showing Initinl symptoms of erazy top in July. The
disorder was not checked on ihese areas, but the plants grew more
vigorously and developed late in the season a greater number of
bolls than sffected plants in adjacent control arcas. On May 29 of
the same season treble superphosphate (20-percent phosphorus) in
solution was injected into several arens which had produced affected
plants the previous year.  The rates were 1,500 and 2,500 pounds per
acre. On dJuly 23 other areas on which the disorder was beginning to
appear were given a solution of treble superphosphute ot rates of
1,000, 2,000, and 3,000 pounds per acre, applied with an injector.
The disorder failed to appeuar in the areas treated in May or in
adjacent untreated sreas. No effects on the affected plants were
noted on the areas treated in July,

In 1933 applications of ferrous sulphate (FeS0,), zine sulphate
{(Zn30,), horax, (Na.13,(0;~10H.0), annd manganous sulpbate (MnS0,)
weye applied late in June to some arcas of Pima cotton at the seed
farm where c¢razy top had appeared the previous year. Tach cliem-
ieal was applied to a different plot.  On Julv 8 {wo other plots were
treated, one with borax and the otlhier manganous sulphate.  After
the appearance of the disorder each af three other areas of sffected
plants were treated with zine sulphate, horax, and manganous sul-
phate. The number of pounds per aere of each of the compounds
were as follows: Ferrous sulphate, 207 to 414; zine sulphate, 1,245
to 4,148; borax, 6.6 to 7.5; manganous sulphate, 116 to 145, Except
for one plot treated June 27 with ferrous sulpliste at the rate of 414
pounds per acre, crazy top failed to appear in the aress which received
the early treatments and was not in evidence nearhy.

The treatments made in August showed no effects in checking or
reducing the disorder. The only effects noted were that plants in
some of the treated areas developed a darker green color than nearby
untreared plants. The borax failed {o show even this effect.

In 1934 further treatments with zine sulphate wore made at various
periods during the summer at rates of 900, 1,563, and 3,000 pounds
per acre. In one of the areas that received frequent irrigation, treated
ot the rate of 3,000 pounds per acre just prier to an irrigation, many
of the plants were killed or injured. At the same time in another
area recciving the same amount of zine sulphate preceding the first
irrigntion after a stress period, no injury attributable to the ¢chemical
was apparent. Some injury was noted in one area treated at the
rate of only 1,500 pounds per acre. As in 1933 the treatment failed
to show any influence on the crazy top disorder.
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IRRIGATION EXPERIMENTS

LOCATION, ARRANGEMENT OF PLOTS, AND PROCEDURE

Bince observations had shown that the severe phases of the disease
were asscciated with unfavorable soil and moisture conditions, it
seemed reasonable that valuable information might be obtained from
variations in the irrigation management,

The aree selected for the fleld irrigation experiments is located
at the seed farm of the United States Field Station. The soil was
classified by the Bureau of Chemistry and Scils as Mohave sandy
loam. It is highly caleareous and has o tendency to become cemented
and impervious on drying. Crazy top had occurred in previous years
on the area under thie experiment, and was observed to some extent
in every cotton planting made at the seed farm during the period
1922 to 1933.

The irrigation experiment as conducted in 1933 and 1934 comprised
two different tests. The objective of the first test was to determine
whether withholding of irrigation water gt various times throughout
the season influenced the incidence of the disorder; and the purpose
of the second was to ascertain whether the oecurrence of the disease
was influenced by different methods ol applying irrigation water.

FIELD TEST 1

The 1933 test was eartied out on three strips or “borders” desig-
nated by plot numbers 12, 15, and 19. These were about 28 feet wide
between the water-control dikes and 880 feet long. They were
further divided into 16 plots or hasins of equal size by the construe-
tion of cross dikes every 55 feet. A separate supply ditch was pre-
pared the full length of ench border so that each of the 16 basins could
be irrigated ns a single unit.  Water was applicd at the rate of about
4 acre-inches per irrigation. In 1934 the test was conducted on only
two borders, numbered 11 and 13, both of which had been practically
free from crezy top in 1033,

The 48 plots in 1933 and the 32 plots in 1934 were grouped into
four series and designated A, B, (%, and D. A different irrigation
treatment was applied to ench series, maling 12 replications for
each in 1933 and 8§ in 31934. The irrigations were so timed as to
provide adeguate moisture at all times except as it was desired to
check slightly the development of the plants by withhelding water.
Toward the ends of these periods of water deficit the plants on many
of the plots remained in o pronounced stote of wilt for several hours
of the day (fig. 17).

In 1933 it was thought desirable to apply water every 5 duys after
July 20 to insure adequate water for the plants on this type of soil.
The results indicated that this period could be prolonged, and in 1634
water was applicd every 7 days where adequate quantities were desired.

The development of piants on the A series in 1933 was chiecked by
withholding water from June 1 to July 20 except for a single frrigation
on June 30. In 1934 the A series received no water from May 28
to July 11.  On series B checking was eflected in 1933 by withholding
water from June 23 to July 20, and in 1932 from June 26 to July 31.
The water shortage period for series C in 1833 was {rom July 20 to
August 17 and in 1934 from July 24 to August 21, On series D only
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short intervals were allowed between irrigations, so that adequate
moisture was available in the root zone for continuous growth
throughout the season.

In order to obtain some knowledge of the moisture conditions in the
soils of the plots under the different treatments, soil samples were
taken from representative plots at frequent intervals for moisture
determinations.

In 1933 soil samples were taken in 1-foot horizons to & depth of 4
feet in five or six different plots of each series. From the plots in

Fiatie 1r.—Extremely wilted conditlon of I'imn eation plants In one of Lhe plots under treatwent 13 nt
end of wauter-deficit period July 31, 1934, 1o wost of Lhe plots the pluots had oot reachied thiy extreme
degree of stress before irrigalion wis resutnerd,

series D, soil-moisture samples were taken on the day after irrigation.
Likewise, from the plots in series A, B, and C, samples were taken
only on the day after irrigation except during the wvarious stress
periods when they were taken on the same days as those from series
D plots. Sampling was begun June 14, and was continued until
August 9 in series A and B where crazy top had already appeared and
where a condition of adequate soil moisture had been reached again.
In series C, sampling was continued throughout August and in series
D, to August 24.

In 1934 the procedure differed from thut of 1933. Only one repre-
sentative plot in each scries wus sampled for soil moisture. Except
during the stress period, sumples were taken on the day before and
2 days after irrigation. During the stress period, in series A, B, and
C the samples were taken only once a week, on the day preceding the
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irrigation of series D. Sampling was begun June 4 and continued
through August 30.
The dates of irrigation for the four series of plots are given in table 5.

TaBLE 5.—Dales on which frrigation waler was applied lo four series of plols of
Pima coflon to nole the effects af varions irrigation trealmenis on the incidence
of the crazy top disorder al the seed farm, Sacaton, Ariz., in 1933 and 1934

Beries A Series B Series C Berics D

T
1043 1034 1033 Comas oo 1933 1034
4 :

Apr, 10 . Apr. Apr. 10 ¢
Muy 2 r Muny Mpy 2
luy 13 | May 18 | Diay 13 3 May 13 | May 16 | May 13§ May 16
Moy 28 i My Mluy 28
June I June 1 June June June 1| June & °
June 13 June June 32| June 13 (*)
June 23 | Jung 10§ June 23 | June June 33
June 02 June 26 | June : June June 30
July July July 7
July 11¢ : July 18 | July July 13
1] : July i
July 42 July a1, July 20 | July July 2014
I} I [ Julyai: & !
' ! F 1

: E"‘u'f;' 17t .-\ugl. aLr .
i : )]
j | [ SR I

t Every 7 days thereafter,
1 End of water-deficit period.
1 Every 5 days therealter.

FIELD TEST 2

In the comparison of irrigation methods in 1933, borders 8 and 11
were divided 1nto check basins 25 by 28 feet in dimensions, and water
was applied to these at 5-day intervals during July, August, and
September. Borders 6 and 13 were flooded frequently, by the con-
ventional border system, the water being checked by a few cross
dikes at intervals of about 150 feet. In 1934 the small basins were
not used, but border 14 was «livided into 18 basins 28 by 50 feet in
dimensions, and 15 of these were irrigated every 7 days after May 28.

In another division of the Tarm known as section B, borders 6 and
10 in 1934 were divided inte 11 basins, each 28 by 50 feet., Border 6
was irrigated every 7 days and border 10 every 14 days.

In order to obtain a record of the distribution of the diseased plants
under the different treatments, the aberrant plants were mapped ac-
cording to their location in the rows. In 1933 the diseased areas were
mapped on August 29 and on October 5. In 1934 they were mapped
on September 25,

OCCUKKENCE OF CHAZY TOP -

After the irrigation system wus under way and the fruiting season
hed begun, the experimental plots were inspected daily to detect the
first symptoms of crazy top. In 1933, the first crazy top growth was
definitely identified on July 26 on six plots of the A series and three
plots of the B series. This was 6 days after the irrigation of these
series, following a 20-day interval without water for series A and a
27-day interval without water on series B. On August 4 the disorder
was in evidence on nine plots of the A series and nine of the B series,
and 1 week later 11 of the 12 plots in ench of these two series were
affected. In some of the plots almost all of the plants were affected;
in others, only a few plants showed aberrant growth.
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The plants on the 12 plots of series ¢ were normal to July 20 and
throughout the enforced period of water deficit from J uly 20 to August
17. Following the irrigation of August 17 the plants made rapid
growth, but the new growth did not show crazy top symptoms until
after September 1, and then only in & few plots. By October 1,
however, plants on eight plots of the C series showed some crazy top
growth, but since the plants had almost completad growth for the
season, the crop was afleeted but littie.

On the 1) series of plots, which received wator ag f requent intervals
throughout the season, the plunts showed no evidence of crazy top
at any time.

RE L

WLTET WIYARELD T AFFFRT “TnEL 0 kiR T .
A A {wa:u W TRRELD To ZEHET CTREYE Lokl LUAE I0 15 JeLY 23 f;;:';l;EgFj_FEg
B WATER W.THMELD TO AFFECT STRESS DLRINDG Junf 23 1O SULY 20 — ?'e H
----- HECK

»

€ WLTLR WITHHELD TGO SFFECT STHCSS OURNG JULY 20 TG AUGUSTIT
0 HO STHESS PERIGD

_PLOT 19

A WATER W HeE, [ T aFreeT TTRESS FR7A GUNL Y T wUNE 3D
_5 BATER WTHRELD T AIFECT EmE € FRLM 3 IKC 3% T4 a0 8% SCALE 9F FEET

LA - W ]
8 WATER WiTHHELL 10 BFFECT LIREZS FROI IUNE 13 T30 bt 0 _— c-'--f
-=+-- LHECK,
C WATER WiTKHELD TO AFFELT STREDS FHOM &, ¥, Ty AJSUST i7
D HO STRESS PERILD

Fioung M.—A, Locution on At 29, HE, of Pim cotbon plants aifecto) with tie crazy ton disorer in
three border sirips to which four (ifsrent irrigtion trealments wers apyiled at the Seeaten seed farm.
A relationsliip will he noted betwuen the luratan of the divensed phunes and the plots L4 and B whizh
received inndequate irrigation waler onely i Lhe siomer, 2, Urazy top nffectad plants on the snie
horder strips on October 5, 1048, L will be foded] Gt i disnrder sl mnde fis appearstice on seven
plots of the C sories wheh recefvid) sdvtunte frrimtions exeept for g 28cdny period. July 2 to Aveust 15
{For convenivnve, thuse dingrams qnd iose of ligs. 24 wird 25 are drown in bhorizeni) form, nlthough
the borders represented Jie dirgoundly in tw feddd, as shown ju th, 13

The distribution of the aflected plants in the plots under the various
treatments on August 29 and October 5, 1933, is shown in figure 18,
A and B.

In 1934 the first definite crazy top growth was identified on J uly 24
in all but one of the eight plotsin series A. This was 13 duys after the
period of water shortage.

On August 14 the first symptoms of the disorder were observod on
some of the plants in ull of the eight plotsin the B series. The plants
in the C series, asin 1933, showed a rapid revival of growthin response
to irrigations following the period of water shortage ended August 21,
but there were no symptoms of crazy top until the latter part of
September when a few plants eould be found with slightly abnormal
terminal growth.

The plants in the D series, which were provided with adequate
water to prevent wilting or checking of growth, showed no signs of

-1
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crazy top at any time. The plants
wers moderately fruitful, and bolls
were sefi at a fairly constant rate.

Figure 19, A, B, €, and D, shows

the typical appearance of the plants
under the four trestments on Octo-
ber 16, 1934,

S0OIL MOISTURE

Figure 20 shows by disgram the
percentage of moisture in the soil in
each of the fourseries of plots for test
1 at certain intervals in 1933 and
1934. TIn 1933 only the data from
those locations where the plants be-
came diseased are included in the
dingram for series A and B, but in
series C and D the data for all sam-
ples are included. Thus, six plots
from series A and I and five plots
from series B and C are represented.
In 1934 samples were taken from
only one plot in each series. The
vanations in the water-holding ca-
pacity of the soils at the different
locations of sampling possibly ac-
count in part for the higher average
moisture content of the series A and
B plots at the end of the stress period
in 1933 thanin 1934, The moisture
content of the series D plots was
fairly constant and at ull times ade-
guate for the plants,

In 1934 only the data obtained from
sampling afterirrigation and during
the stress period are included. From
the diagram it may be seen that the
moisture content in each of the plots
was less than 5 percent by the end of
the stress period. At this stage, in
most cases the plants were near per-
minent wilting. The moisture con-
tent of the series D plot was always
adequnte and moisture penetration
following irrigation was always good.

In test 2, 1933, none of the plants
in basined plots 8 and 11 were
affected with crazy top (fig. 21).
The disorder did not appear in
border 6 (not shown in figure) which
was under the treatment of frequent
flooding but occurred in one spot on
border 13 which was under similar
trentment. This spot, extending

Fiouees 1 Cluselersiy developenent of Fimn
eotion plonls nt malurity under diiferenoiaf
irrigntion trealments in ecazy top investigo-
tiohs ot the seed furm, Samlon, Ariz., October
Ti, i A, Plonls niTecled with arazy top in-
Hueneed by u witer defteic perfod from Moy 2%
tinJuly 1l Treatipenl A, Note the evidence
of eurly nbnorzonl development in the hrangh-
Ine structure. B, Plints alfected with ernzy
Lop Enlluenved by o water deliclt period from
done i Jaly 31, Trentment 1. ¢ Planis
under the trestiment of Jnle suminer woter
defleft, July 24 o Aupguxt 31, Trestment C.
41, Plants supplivd with sdequnte {rrigation
willer throughoul, the summer. Trentrment D,
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across four rows for & distance of 45 feet, was bigher in elevation than
the surrounding soil and for this reason could not be irrigated effec-
tively. The first symptoms were noted in this spot on Angust 18,

I 1833 ] I 1934 ] [
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Fiaunk 20.—Molsture in pereentngo of dry weight In soll samples token to g depth of 4 feet fron plots in the
frriymtlon tesl § ol the seed farm, Seewlon, Ariz, In 0683 and 108, The samples reprresented by the duts
symi;}ols to tharight of broees wers tnken st Intervals duckng the time water wos withheld fron the plots
Lo eflect siress,

In 1934 no crazy top developed in any of the 15 out of the 18 plots
of basined border 14, which were irrigated every 7 days (fig. 22, nor
did it oceur in any of the 11 basins in border 6 of section B, not shown

T e s T e e Lo ST, Rt A
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FiouRE 2t—Arrsugement of {11015 and loction of Pima votton plruts aflected by erazy top ob nlne borders
Bt l.gmusegdaéu)rm in 343 (Horders 12 und 15, under the dilfereniinl Irripstion treatment shown in fig. 18,
ere induded.

in figure, where the water was applied at weekly intervals. It did
appear, however, in 5 of the 11 basins on border 10 of section B, to
which water was applied at intervals of 14 days.
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It is apparent from the maps that the plants affected by the crazy
top disorder are restricted to areas where they were subjected to stress
at some period during the season by an enforced water shortage.

At the first mapping of affected plants in the four different irrigation
treatments on August 29, 1933, none were observed in the C series of
plots in which the plants were almost mature before being subjected
to stress. When mapped on October § the termins] growth on some
of the plants in the series was slightly abnormal, but the general
branching structure was not affected as in series A and B. In 1934
all of the plants in the C series were recorded as free from the disorder
at the time of mapping on September 25, though sberrant growth
developed on a few plants later. In both 1933 and 1934 the plants
on the D series which received adeguate irrigation throughout the
season reached maturity much earlier and produced more cotton than
those in series A and B. Plants in the two latter serics set only & few
early bolls, but developed a large number of Iate bolls, many of whicl:
failed to mature before frost. The plants in most plots of the A and
B series attained greater height and developed a much larger number
of vegetative branchies in the tops than did those in the C and D series,

FinUre X2—Location on Seplember 25 1934, of Pima cotton planis affected by the erazy tap disorder In
seven horder sirins of section D at the seed farm, nenlon, Ariz. The Iocations of disensed plunts on
these borders in 1933 s shown In fignre 21, Borders 1) aod 13 reeeived four ditforent irrization treaiments,
while horder 14 received wleguule waier throthout ihe senson as Jid the 2 plows of borders 10 and 19,
A refationship will he noted between the location of the disessed piunts und the plots which recefved
inndecpunte irrigation water early ju the semimer,

Figures 21 and 22 show that the loeation of the spots of affected
plants in one season bears lttle or no relationship to their location in
succeeding seasons. 1n 1933 borders 12 and 15 contained the greatest
number of affected plants as a result of the periodic water shortage
on three-fourths of the area. In 1934 these horders were flood-irri-
gated at frequent intervals throughout the season and very little
erazy top occurred. In 1934 the greatest number of affected plants
occurred on borders 11 and 13 in which three-fourths of them were
subjected to periodic water shortage. In the previous year border 11
was irrigated frequently in small basins and no plants were affected.
Border 13 was irngated by flooding at short intervals and plants were
affected in only one small spot that was too high to irrigate effectively.

In these experiments the methiod of applying water in check basins
to effect uniform distribution and deep penetration of moisture was
advantageous, but it was apparent that in preventing the disorder the
metlied of application was not as important as proper frequency of
irrigations. In several cases where plots received an accidental Irri-
gation from shullow flooding, thus unintentionally shortening the
period of water delicit, the stress was alleviated to such an extent that
no crazy top occurred during later development,

The behavior of the plants under the treztments in these experi-
ments indicate that prevention of crazy top on soils of this type is
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entirely practicable by management of irrigations so as to prohibit
& checking of plant growth during the summer months,

IRRIGATION EXPERIMENTS IN CONTAINEKS

As a supplement to the field experiment of 1933, an irrigation ex-
periment was conducted with & number of plants grown in large iron
barrels or drums filled with soil.

The soil for 14 harrels was obtained from an area at the seed farm
on which crazy top had occurred the previous year. Two other
barrels contained svil of an alluvial type known as Gila fine sand ob-
tained from an aren at the experiment station on which erazy top had
never occurred.  Eight diflerent irrigation trenbinents were applied
using 2 barrels for each. Treatments A, B, C, and D were the same
as used in the field plots, except that more frequent irrigations were
necessary to prevent wilting of the plants.  In treatment E the plants
were irrigated frequently bubinadequately until August 5. After that
date they were irrigated adequately. 1n treatment F applications of
water were frequent, bub not adequate prior fo July 13, and after that
were of such frequency and quantity as to prevent distress, Treat-
ment G was similar to treatment B butwas applied to the alluvial soil
that had no crazy top history.  In treatmnent H the applications were
sufficient to maintain a moderate but fairly continuous growth.

The first crazy top svinptoms appeared sbout August 5 on the
plants under treatments A, B, and E. In the first two treatments
1t oceurred in new growth, developed in response to an irrigation
following a prolonged period of shortage, and in E under conditions
of frequent but inndequate amounts of water., At the end of the
growing season, plants in all contsiners of these three trentments
showed the disorder. The disorder affected the plants in only half of
the containersunder trestments C, F, and 11, The plants under freat-
ment D remained entirely normal throughout the season.  The plants
under trextunent (G, which were grown in the alluvial soil, did not show
the disorder after wa:er shortase as did those similarly treated under
B in the highly ealeareous seed-farm soil.

In 1934 an experiment somewhat similar to that of 1933 was con-
ducted with cotton plants grown in iron drums.  The crazy top dis-
order did not sffect all of the plants that were stressed from water
shortage, but in all cuses where it occurred, the soil was of the highly
caleareous secd-farm type, and the water supply had been inndequate
at some period during early development.  The growth behavior of
the plants in two of these drums seems worth recording.  One drum
that had been treated so as to produce crazy topin 1933 and one that
had been treated so as to keep the plants normal in 1933 were planted
again in 1934 without disturbing the soil except to cover the seed.
The irrigation treatiment was reversed so that the one with crazy top
in 1933 received adequate irrigutions. The plants in this drum re-
mained normal in 1934, The other which contained normal plants
in 1933 received very little water in lnte June and early July 1934,
and the plants developed erazy top shortly after frrigation was re-
sumed late in July.

RELATIONSHIF OF WATER SUPPLY TO INCIDENCE OF JMSORDER

It 1s apparent from the plant reactions both in the field and tank
experiments that the occurrence of crazy top on highly calcareous
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soils ig related to the water supply. The checking of growth from a
lack of soil moisture, particularly in the early part of the fruiting
season, is shown to have a direct relationship to the incidence of the
disorder. Plants whose development is never checked from shortage
of moisture apparently are not subject to the disorder.

The changes in the general structure of the plant, characteristic
of crazy top, originate immediately following the restoration of mois-
ture to the soil after a prolonged stress period. While under ordinary
field conditions the aberrant growth may sometimes begin in almost
epidemic fashion, the investigation shows that it may begin at any
period that the water-stress influence is applicd after the branching
structure is well started. The structure of the central branches, and
even of some of the lower branches, may be aflected if the water deficit
oceurs early in the summer concurrently with high temperatures.

This hebavior deoes not preclude the conception that the disorder
may be of the mosaie or virus character as Cook (6) has suggested,
buf the analogy becomes less close as more information tends to
nssociate it with the physiological diseases,

The facts that the disorder was not induced by water shortage in
alluvial soils and has not been observed commonly in areas of alluvial
or easily permenble soil, indieate that water shortage and resulting
interrupted growth are not the only factors invelved.

SUMMARY

This bulletin reports the results of an investigation of the various
effeets of the crazy top disorder on the cotton plant. The study
involved principally ihe changes eflected by the disorder on the
morphology of the Pima cotton plant, particularly on the floral
parts. Data are given on the effects of the disorder on the phiysiologi-
cnl processes related to stem growth, flower produection, and boll
shedding. Results of experiments on budding, grafting, and topping
are reported.

Data are given on the chemical composition of parts ol normal and
crazy top affected plants, and a report is muade on the results of field
experiments with chemicals and fertilizers.

The results of experiments to determine the ellects of various irri-
aation practices on the occurrence and control of the disease are
reported.

Plants affected with erazy 1op attained greater height than nearby
normal plants, probably as a result of their greater sterility.

In 1931 more than 75 percent of the young bolls from {lywers
produced July 22 to September 5 on one group of aflected plants were
shed, while only 25 pereent were shed from nearby normal plants,
By the end of the season, however, the aflected plants hael produced
an average of shout twice as many flowers as the normal plants, and
set approximately 35 percent more bolls, many of which were too
late to mature before frost.  Tn 1932 the alfected plants retained an
average of 62.4 percent, and normal plants 84.1 percent of their bolls.

The bracts and petals of flowers from affected plants were on an
average much smaller than these from normal plants, the affected
petals averaging about two-thirds the size ol normal petals, their
width having been reduced to o greater extent than their length.
Variations in the number of bracts, petals, and earpels (or boll locks)
occurred to o greater extent in affectec flowers than in normal flowers.
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The intersity of color of the petal spot in affected flowers varied
with the advance of the season and the severity of the disorder, but
In normal flowers it showed but little change., The least eolor was
shown in the affected flowers collected on August 10, 1931, and after
that date the petals gradually recovered their normal spet color.
The average grade of petal spot for affected flowers was 3.6 and for
rormal flowers 8.4,

With o few exceptions no pollen was produced by affected flowers
collected weekly during the period July 27 to September 3, 1931, but
after September 3 there was a marked ineresse in the number of fow-
ers producing pollen,

During the period when the disorder was a$ its height the styles
and stigmas of affected flowers were reduced to mere rudiments.
For the season the monn length of the siaminal columns of affected
flowers was only about two-thirds of that of normal flowers, and the
mean length of the style was about one-half of that of normal flowers,

A large proportion of the bolls whieli reached maturity on crazy
top affected plants showed injurious eflects of the disorder, even some
that were partly developed before the first disease symptoms were
noted on the plant. In affected bolls the mean number of mature
seeds was 2.44 less and the number of aborted seeds 0.9 more than in
normal bolls. The mean length of lint for the senson in affected bolls
was 0.16 of an inch shorter, and the mean weight of lint was 0.12 ¢
less than in normal bolls,

Buds cut from crazy top plants and inserted in normal plants
developed normal branches, and the resuits were similar when buds
from nermal plants were transferred to saifected plants and when
buds from affected plants were transferred fo affected plants.

Normal seedlings grafted to the main stems of crazy top plants
continued to produce normal growth, while low vegetative branches
on the stock maintained their aberrant growth,

Cross grafting of roots from normal and diseased plants and
insertion of buds {from normal plants into the roots of affected plants
&b the end of the season resulted in the development of only normal
growth the next year after the plants were overwintered in the
greenhouse and transplanted to a favorable soil.

Growth produced after artificial topping or removal of the sberrant
growth from affected plants early in August was normal in nppearance,

An interchange of norma! and affected plants by transplanting
diseased plants to an aren free from crazy top and transferring normal
plents to the holes from which thie others were removed, resulted in
recovery of the diseased plants and continued normal development of
the normal plants.

The chemical composition of leaves [rom affocted Pima plants as
determined by partial analysis was not greatly different from that of
leaves from normal plants, except for an indication thast calcium was
slightly higher in normel than in affected leaves, In the few samples
of Acala leaves that were analyzed the affected leaves contained
higher proportions of nitrogen and chlorine than normal leaves.

he squares collected from affected plants were lower in total ash,
chlorine, and ealeium than squares from normal plants, but the stems
of affected plants contained significansly higher percentages of nitro-
gen, total ash, phosphorus, and chlorine than the stems of normal
plants. These facts suggest that imperfect translocation of nutrients
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to the immature fruits of affected plants may influence the excessive
shedding of squares and bolls and the poor development of the bolls
that are retained,

It was apparent from the chemical data that there was o tendency
for the ash constituents and nitrogen to decrease as the plants
approached maturity.

In the ash of both normal and affected plants there was a greater
proportion of important clements, particularly caleium and chlorine,
gha-n are shown by most analyses of cotton plants in the Southeastern

tates,

In field tests on the effects of fertilizers on crazy top, ammonium
sulphate failed to check the disorder, but the plants treated grew
more vigorously and produced o greater number of bolls late in the
season than nearby plants that were not treated. Superphosphate
(treble superphosphate, 20 percent phosphorus) applied in various
amounts in solution with an injector showed no effects on the disorder
nor on the growth and produection of normal plants, Applications of
ferrous sulphate, zine sulphate, borax, and manganese sulphate to
crazy top areas both before and after the appearance of the disorder
were ineffective in confrolling the disorder or preventing its occurrence.
In some tests heavy applications of zine sulphate esused injury to the
e(t:ft.ton p{ants, especially when the plants were in a vigorous condition
of growth.

uring the years 1933 and 1934 four irrigation treatments were
applied in several replications to four series of plots of Pima cotton to
determine the effects of periodic water shortage on the cccurrence of
the crazy top disorder.

In 1933 thie disorder began to appear late in July, but at that tine
only in plots of the A and B series that had been inadequately supplied
with water for prolonged periods during June and early July. On
August 1 & large proportion of the plants on 11 of the 12 plots in both
of these series were affected with the disorder.

In 1934 the disorder appeared July 24 on seven of eight plots of
series A that received no water from May 28 to July 11, and by
August 14 it had appeared on all of the eight plots of series B that
received no water from June 26 to July 31.

In @ series of 12 plots in 1933 and 8 plots in 1934 which were
abundantly supplied with water except for a period of 28 days late
in July and early August, the disorder made a delayed appearance in
a few plots but did not seriously affect the production of the plants.

In another series comprising 12 plots in 1933 and 8 in 1934, which
received frequent and adequate irrigations throughout the fruising
season, the plants remained free from the disorder.

With cotton plants grown in iron barrels containing a highly cal-
careous soil, withholding water until the plants were stressed resulted
in the appearance of crazy top in the new growth following the
application of water. However, the disorder failed to appear on
plants under the same treatment grown in barrels containing & sandy
alluvisl soil.

A reversal in irrigation treatments of cotton plants in eontainers
during two consecutive seasons resulted in a reversal of crazy top
occurrence. Plants provided with adequate water in 1934 remained
fres from crazy top in a drum containing the same soil in which plants
were affected in 1933, In another drum, plants grown in the same
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soil in which neo plants were affected in 1933 developed the disorder
when water was applied after a prolonged period of water shortage.

The results obtained in the irrigation experiments show that the
incidence of crazy top was related in some way to the checking of the
growth from water shortage and the resumption of growth when
abundant moisture was restored.

It is not indicated, however, that water shortage is the only factor
involved in bringing about the abnormalities characteristic of the
disorder.

The information suggests the practicability of preventing crazy top
on soils of this character by applying irrigation water with sufficient
frequency to prehibit a checking of plant growth during the summer
months,
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