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lIII3L(;ATIox 

P I ~ u R ~  1. \Vster flows to the upper end ul  thf row through a four-inch hose. 
FIGURE 2. Small dams in the row prevent the whole volume or water from 

flowing rapidly to the lowcr end of tho lield, thus giving nn 
even distribution along Lht row. 

TOBACCO SUBSTATION AT 'iVINDSOR 

THIS. T H E  F I F T E E W I I  aunual report of the Tobacco Substation, 
records the progress of investigations on fertilizalion, cultural operations 
and control of insects and diseases of the tobacco crop. Two types of 
investigations are al\vays in progress a t  this Statiou. The first comprises 
empirical bests with exact measuremeuts of res~rlts which are immediately 
applicable i n  commercial practice. Such, for instauce, are the tests 
of dilTerenl insecticides for the control of Ilea beetles as recorded in this 
bulleti~~. The seco~~cl Lype includes more f~mclamental studies, tlre results 
of \vlrich are usnally not directly applicable to commercial tohacco growing 
hut are necessary for an urrdewta~~ding and inlelligent corrduct of tlre 
more practical tests of ilre first type. Into t,lris group come the str~dics 
on the anatomy of the tobacco leaf. 

Most of our projects include both practical tests and fundamental 
investigations. Thc lather are usually more t,ime-consuming and perhaps 
more important, although less is pnblished about them. They may lead 
to  more extensive changes in practice than the empirical tests. There 
is need, however, for both types in any well-ronuded program planned 
for the improvement of Connecticut Valley tobacco. 

One important addition to  the research sLalT has been made a t  the 
Tobacco Substation cluring the year. Due to the increasir~g seriousness 
of some of the insect pests of tobacco, particularly flea beetles, thrips 
and wire worms, the Lnited States Department of Agricnltrlre througl~ 
the Hureau of l'ntomology and Plant Quarantine assigned a full time 
entomologist to this seclion, Mr. Austin W. 3lorrill, Jr., who start.ed 
work on July 1. He 11as permanent quarters a t  the Substation anrl is 
coijperating with t,he staff ent,omologist, .Mr. Donald S. Lacroix, who 
is located a t  Windsor only during the summer. Tlris coiiperalion has 
been very satisfactory in speeding up the development of control methods, 
particularly for flea beetles. Tlre resulls of tlreir joint investigations 
for 1936 are summarized larer in this report. 

It will be noted that less space than usual is devoted to fertilizer 
experiments. Tlris is partly because tlie staff is spending more time on 
other lines of investigation, aud also because illere is in process of prepara- 
tion a special brllletin on nitrogen fertilization of tobacco. Tlre new 
bulletin will review t l ~ e  results of ~ ~ i t r o p n  experiments that have occupied 
tlre major place o~r  our farm rluring tlre last few years, and bring together 
u ~ ~ d r r  oue cover tlre results of all previous experimn~rls dealing wit11 fertilizer 
nitrogen for tobacco. Since we hope t o  have it completed and ready 
for publicat.ion in 1937, it seems unnecessary to devote much spare Lo 
the sohject here. 

In the following pages, we discuss for the first time the snhject of 
irrigation of tobacco, a practice which Itas many proponeuts a ~ ~ d  some 
oppo~~ents  among the practical growers. For a nnmber of years, whenever 
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the season was sdciently dry, experiments on irrigation have been 
conducted a t  the Substation. Until 1936, the results were somewhat 
&sappointing and contradictory and could not be fully explained. There- 
fore not,hi~g was published. The experiments in 1936 explain the previous 
poor results and indicate a method of avoiding them. 

The rainfall for May, June and July, 1936, was below normal. ,Howe\-er, 

EXPERIMENTS ON IRRIGATION 

Growers and dealers are aware that the higl~est quality of tobacco 
is grown on light, sandy laud, provided the season is favorable. Ilowever, 
when there is not sufficient rainfall during the summer, tobacco on this 
type of soil suffers more than that. on other types. Moreover, such 
are not favorable in a very wet year because, with excessive rainfall, tile 

in general, the prevailing weather favored the growth of crops, except 
for one dry, very hot period during the first three weeks of July. Our nitrogen leaches away more rapidly than on heavy soils and a stan-ed, 

own crop as well as that of most growers in the Valley was of good quality yellow crop of light weight and poor quality results. 

aud heavy yield. The dry weather during Ju!y pecessitated one irrigation. On account of the uncertainty of getting a good crop except during 
very favorable years-which are not too frequent here-many of the 
potentially best soils are no longer planted to tobacco. They are either 
abandoned to weeds and brush or turned oI7er to less expensive and less 
profitable crops. The grower feels that he cannot take too many risks 
in view of the high cost of growing tobacco: $200 to 6300 to the acre 
for outdoor ~obacco and $500 to $700 for shade. Therefore, he is prone 
to cultivate the heavier soil where lie feels more confident of geCting a 
crop every year althougl~ he knows it may not have a good color and 
quality. During very dry seasons, even the tobacco on more favoral~le 

Additional water was applied on the special lrr~gation plots. 

T ~ ~ , . ~  1. D I ~ T ~ ~ ~ ~ o ~  OF RUNFALL IN INCHES AT THE TODACCO SVBSTA~ON. 
WINDSOR 1922-1936 

BY I O - ~ ~ Y  w i d s  

May , Jllne 1 July , Aumast yeor 1 
. I , .  ,I.? o 1 21.~0 1-10 11-20 21.:~ ' 1-10 11-20 I.lQ I,.L o 

111 
.43 

1.3.5 
,73 

1.66 
. 9 i  
6 0  

1.56 
2.01 
1.60 

.OY 
. . . . 

8 6  
.13 

1922 
1923 
1924 
192.5 
1926 
1927 
1928 
19.3 
1930 
19x1 
1932 
3 :  
1934 , 

3." 
1 . 2 4  
1.4.4 

,08 
,43  
.KJ 

i:G 
0.43 
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. 8 ;  
-38 

2.35 
1 .23  

H~ nlollths 

YW Y ~ Y  J U ~ P  JBIY -- .uv, ,rt  (total) 

1922 5 .42  6 .92 5 .16  6 .84 ., -- 
1923 2 . 3 3  3 .81 .i. 02 _..1, 

1924 3 .70  1 .62  .5.& 4.9.5 
2.36 3 .38  5.00 9 .55 1925 

1926 2 .21 1.86 T .?h 3.19 
1927 5 .04 2 .28 3 . l i  3 .  i 8  
1928 2.30 4 . 1 6  2. 92 7.31 

4.79 1.67 9 8  .&.a6 1929 
1930 4.411 3 . 7 3  2 .63 2 .33 
1931 6 .52  4 .74 1.0 3.87 
1032 1.63 2.86 . 3.99 5 .72  
1933 1 .38  1.90 2 .43  3 .42 

:I ,  20 3.4.i 1 9 3  4 . 8 2  3 .47 
1.40 3 .53 4 .30 1.80 1935 

1036 2.318 2.75 2 .43 ,k. :% 
A?. 3 .40  3 .38  3 .32 2.26 

In the above table is shown the amount of rainfall by 10-day periods 
during the growing season for tobacco and, for compmson, the rainfall 
of the same periods during the previous I4  years at bl~is Station. 

2 1 1  . 8 i ( l . 3 8 ~ 1 . 6 7 ~ 2 . ~ 8 ~ l . 3 9  8 9  8 1  3.60 

- 
grower as unprepared as hefore. ITe watches the saud grow drier and 
drier, hoping every night that it will rain wilhin the next 24, 11onrs; he 
delays from daq- to day and finally slarts t,o irrigate after the damage 
is done. Some have abandoned irrigation because &her they did not realize 
any improvement in tlw crop or they believed that irrigation did more 
harm than good. 

The total result is that a t  present only a few of the farms are equipped 
for irrigation. Some of thern no longer use the apparatus they 11ave. 
There is no uniformity of practice, of method, or of opinion as to the 
benefits derived. Consequently, irrigation is not a recognized routine 
operation here. Nothing has been published about irrigation of tobacco 
by Lhe experiment stations of New 1::ngland and very lir tle from stations 
in other tobacco scctions. 

Various methods of conducting water to the fields and of applying 
it to the plants have been used and nothing would be gained by describing 
them. The stationary overhead sprinkling system has been tried perl~aps 
least of all, and is not practiced anbvllere now. I t  is expensive and the 
poles used to support the pipes interfere wit11 plo.rrin~? and other c111tur~l 

soils suffers from dror~glght. 
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In dry year crops, the leaves are shorter, thicker and darker. The 
percentage of darks, Lops and fders is increased, with corresponding 
decrease in the more profitable, better grades. There is also an impairment 
in hurn, taste and aroma. Tlre buyer is not eager to purchase 
crops and naturally thc price offered is lower. 

In view of the great losses in dry years, it is not surprising that a t  
various times and places in the Connecticnt valley growers have atl.empted 
to irrigate the suffering crops. Every serious drought year is follcwed 
by widespread installation of irrigation systems. Snch a period is usually 
succeeded by a series of we1 years during which the systems fall into 
disrepair or are abandoned so that tlie next. drougl~t >-ear finds the 
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Corrn~cticot E~perin~ent Station 

operations. .lltho~~gll it most pearly duplicates a natural rain and gives 
the hest distribution of water, rt is sobject to the objection that it might 
spread leaf diseases that are present in the field. 

In most of the methods that. liave been tried, the water is bmnght 
to the high points of tlic field and allowed to run down the slope in the 
furrow between the rows. Since the rows are hilled up a little more a t  
each cultivation, there is always sucl~ a natural pat,hway for-the water, 
wliich soaks into the soil and is taken up hy the roots as i t  flows along. 
Tllis does not distribute Lhe water as uniformly as a sprinkler method 
because the soil in the top of the ridge remains dry. Rut an even distribu- 
tion is prohahly not necessary becanre the roots grow- laterally with s11c11 
rapidity that tliose from plants in adjare.nt rows meet m~dway by the 
time the tobacco is a foot high. Tllesc laterals are ahle t.0 take up sufficient 
water to supply tlie plants' needs, as slloan hy the recover? of wilted 
leaves witliin a half-hour after irrigation. Unless the slope of the laud 
is very gentle, it is customary to huild dams a t  intervals across thefurrow. 
l'hus the water will not run too rapidly to the lower end hut w111 have 
time to soak down (Figure 2, page 01). , . J 11e water is drawn from neighboring ponds or brooks, usually by 
electric or gasolinedriven pumps, tlrrongh either large fire hose or metal 
pipes. The latter may he a permalent. syster? bnried underground, or 
a movahle system of surface galvanized pipes w~tli patented joints where 
the sections ran be quickly attached or removed. 

Plan of Experiment 

Since water is obviously .the limiting factor in prodncing a crop on 
such land in a dry season, it seems reasonable to expect a good crop if 
sufficient water can he snpplied artificially at. the right time. An experi- 
ment was planned to make a thorough teat of this hypothesis and t,o 
obtain stat.istical dala on the effect of irrigation on t l ~ e  yield and quality 
of leaf. Accordingly a field lest was laid out in 1930 with the inteiltion of continuing it e&l~  dry year. 

Field T' on the station farm was selected for this experiment because 
the soil is most sandy (Rlerrimac sandy loam) and tlie effects of drought 
are always apparmt there lirst and are more pronor!nced. This is l,lie 
type of field \~Iiich the grnner wonld be mosl likely to irrigate. It usually 
yields a light crop, but of excellent qnality if the season is just r~ght. 

The plan of tlie l.est has varier1 some\rl~at from year to year but in 
general consists of laying out similar plots, five to ten rows wide, side 
by side, and irrigating the allernatc plcits as often as the season seems 
to require. S o  definite time for applying the water, and no estlmate 
of intervals between applications, call he det,ermincd beforehand, as one 
must he guided by the season. An effort was made to apply the water 
before there was any serious drouglit injury rather than to wait until 
the shortage was acute and the growth impulse stopped. Water was 
supplied from a hydrant, conducted to tlie higher end of the field throogli 
four-inch fire hose and allowed to flow slowly down between the rows 
as described above (Figure 1). Soil dams a t  intervals were used to 
prevent too rapid flow (Figure 2). The slope of the field is fairly uniform 
2nd all in one direction. The quantity of water applied each time was 
i g s u r e d  by a meter at the Irydiant. 
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Preliminary tests of 1930. During this year there were ten one- 
fortietl~ acre plots. live of wl~irl~ were irrigated. Dlrrir~g tlle latter half of July it was very dry and Iiol.. 'The tobacco wilted badly atrd slopped 
growing. Water was applied on July 19, 23 and 27. Tlie irrigated tobacco 
recowred quickly; the leaves appeared larger and the gro\vtli excellent 
in conbrast with the non-irrigated plots. From tlle striking differences 
noted in the field, one would judge that irrigation had greatly increased 
the value of the tobacco. But wIlen4.lle cored leaves were m a d d  and 
neigl~ed in the sorting shop, the amount of itnprovement was disappoint- 
ingly small. Tlie average increase in yield for the five plots was only 
67 pounds to the acre and the increase in grading less than 5 percent, 
(approximately one cent a pound). The total henelit hardly paid for tile 
cost of irrigation. 

Test of 1934. Tlie next favorable opportunity for continuing the 
test was in the very dry year of 1931. During this season tlie field was 
divided into a lower and an upper tier of plots so lliat there were irrigat,ed 
and non-irrigated plots a t  each end. In irrigating, however, t l ~ e  \rater 
was tnrped into the rows a t  the upper end, and flowctl first t11ronc.1 the 
upper t~er,  and then down over the lower tier. July was dry arid hot; 
water was applied on the tenth, seventeenth and t.wenty-foi~rtli. Rains 
started on the lwenty-sixth and no further irrigations were necessary. 
The quantity of water applied a t  each irrigation was about equal to a 
rainfall of 1.5 inches. 

-4s in the previons experiment, the tobacco on the irrigated plols :vew 
and spread better; tlle leaves appeared larger and more luxuriant. Dr~ring 
the latter part of the month, l~owever, the plants on tlle irrigated plots 
appeared paler, and in the upper tier took on a yellowish cast indicat.ive 
of nitrogen starvation. Soil tests also showed that the nitrat,es 11ad 
almost disappeared from the irrigated plots. All were harvested on 
Allgust 6. Tlie sorting and yield records (average) of the plots 011 tlle 
two tiers were: 

Pound= per.aore Grade index 
Upper tier, irriqated .. a‘ 1594 not irrigated 

,100 
1701 

Lower tier, irrigated ,320 ,. .. 1907 ,392 not irri~ated 1836 ,350 

AL first glance the results appear to be contradictory since the lower 
tier sl~ov-s the reverse of the upper tier. On the upper part, the irrigated 
toljacco was yello;;, dead and not suitable for lnanr~facture of cigars. 
\vitll all the symptoms of nitrogen-st,arved tohacco. Both tlie yield and 
llle grade index were far below those on the non-irrigated plots, afthougli 
the tohacco on these latter plots was not very good, t,he leaves being 
lleavy, short and thick, but not dead or yellow. On the lower part of 
the field there was good tobacco on hot11 the irrigated and non-irrigated 
!)lots, 11nt both t,lle yield and the grade index were superior on tlle irrigated 
plots. The explanation of these apparently inconsistent results is probably 
"Ilat fhe water carried-a part of the nitrates from the upper plots and 
deposited them in the lower end of the field. Tl~ris a larger yield resulted 
thpre. 



The most important result of the experiment of that year was that 
it demonstrated the important bearing of leaching of plant nutrients 
on the practice of rrrigation by this methpd on this type of soil. This 
and other soil tests and observations on ~rr~gated tobacco showed that 
irrigation on sandy Iand may easily do more 11arm than good if the factor 
of leaching is disregarded. This suggested an explanation of the negative 
result,~ of previous irrigation tests. I t  introduced an entirely new angle 
to the irrigation experiment and future tests were planned with t11e object 
of measuring and controlling this factor. 

Test of 1936. In the experiment of 1936, there were 18, rows, each 
200 feet long. Six rows were not irrigated; six were irrigated ~n the usual 
way; six oll~ers were irrigated with the addition of nitrate. The method 
of supplying the nitrate was as follows: Before the stream of water is 
turned into the bead of the row, small dams live or six inches high are 
built with a hoe a t  intervals of about 20 feet4epeuding on tlie pitch 
of the slope-in the furrow. The accumulated head of water back of 
the dam soon breaks it through, and in about 15 or 20 minutes it reaches 
the lower end of the row. Then tlie operator passes quickly back throng11 
the row, rebuilding the broken dams so that there is standing water tthroogh 
the whole length of the row (Figure 2). At tl~is point nitrate of calcium, 
at the rate of 100 pounds to the acre, is distributed by hand in tlie row. 
It dissolves immerliately in the water. As the water soaks down to the 
roots, it carries suflicient nitrate to replace any that is lost by leaching 
and i t  is quickly ahsorbed by the plants. The steps in tho method of 
irrieation are the same in both cases except for the addition of nitrate 
to Gx of the rows. 

The weather during July was very dry and hot. Before wilting mas 
very pronounced, however, the first water was applied on July  9 at a 
rate equivalent to 2 inches of rain. The non-irrigated rows wilted badly 
during the next week and many leaves were sun-homed. On the seven- 
teenth, the second irrigatiou was applied a t  the rale of 1.5 inches. Rains 
beginning on the twenty-fourth made further irrigation unnecessary. 

TABLE 2. ~ R R I G ~ T I O N  PLOTS. POUNDS OF NITRATE NITROGEN (N) PER ACRE 
IN TBG SURFACE SOIL 

Not 
Date orsampling 

July 8. Before any irrigation 100 ( 100 100 

July 13. Four days after lirst irrigation 47 

July 21. Four days after second irrigation 26 
' 

" I 36 

August 3. Nine days before harvest 24 8 36 

August 10. Two days before harvest 1 3 0 1  1 9 1  37 

Differences in appearance of the plants were as striking as in previous 
years, the irrigated plots showing larger and more luxuriant growth. 
About 10 days before harvest, the irrigated plot which had not received 
the nitrate treatment sllowed signs of nitrogen sliortage. The leaves 
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appeared a little paler in color and this difference increased until harvest. 
The leaves on the nitrate plot seemed larger and did not show siws 
of ripening so quickly as those on the plot that was irrigated only. 

In order to follow the variation in the available nitrogen supply in 
the soil during the season, the soil in each plot was tested before the 
experiment was started, again a few days after each irrigation, and finall? 
a week before harvest. The results presented in Table 2 confirin the 
obsenrations on the color of the 1eih.e~ and also s11o\i how efrectively 
the addition of nitrate of calcium keeps up the supply of available nitrogen 
in the soil. Previous tests and observations lead us to believe that for 
proper growth of tobacco the soil shonld always sl~ow a midmnm of 
20 pounds of nitrate nitrogen to the acre. It will be noted from Table 2 
that the only samples here that showed a nitrogen content lower than 
20 pounds were those taken from the plot that was irrigated only-and 
tl~is a.as the only place where the tobacco showed starvation symptoms. 

The tobacco was harvested from all plots on the same day, .lugust. 12, 
cured together in the same shed and graded a t  the station sortiug shop 
by commercial graders. The yield and grading records aye presented in 
Table 3. Outside the grading records, tlie following observatiolls made 
a t  the time the lobacco was on the sortiug bench are of interest: 

No irrigation. Leaves dark, heavy and short. No yellow leaves. 
Irrigation only. Many of the leaves yellow, dead, chaffy-typical 

nitrogen starvation. Leaves longer thar~ on the non-irrigated plot and 
no1 so thick. 

lrr(gation plus nilrafe. Excellent quality, bright color, neither yellow 
and cl~ali'y, nor dark and heavy. 

Some points of interest brougl~t out in the table are also \vortli~- (of 
men1 inn. 

T A ~ L E  3. IRRIG&TION TESTS 1N 1936. YIELD AND SORT~NG RECORDS 

~ ~. . 
Irrigation alone llas reduced the yield by almost 200 pounds. TlLis 

agrees with t l~e  well known fact that a dry year crop usually has a 
surprisingly high poundage, explained by bile thickness of the leaves. 

Also the very higll percentage of dark leaves (59 percent on the non- 
irrigated plot) is cliaraci,eristic of a dry weather crop. Tltis objectionable 
feature has been reduced in botli the other plots. 

Tllc percentage of brokes is highest on the irrigated (alone) plot. These 
brykes were the yellow, dead leaves mentioned above. 

I l ~ e  addition of nitrate a t  time of irrigation lias not greatly uicreased 
the yield as compared with the non-irrigated tobacco. It has, however, 
'eq niaterially improved tlie grading (increase of about 33 percent) 
by increasing the percentage of the more valuable grades and llie size 
of the leaves. 

'rmutmeot 

No irrigation 
Irrigation 
lrrigationfnitrate 

2114 .336 
193; 12 ,346 

-~ 39 2 I ,445 - 
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Conclusions and Discussion. These experiments were conducted 
on light, sandy soil with a coarse, sandy subsoil, tlie kind that always 
sutl'ers from drought and from leaching. This character of the soil should 
be kept in mind in interpreting  result,^. Our own experience with irrigation 
on iiea\ier soils on tlie s l a t i o ~ ~  farm lias taught us that irrigation (without 
addibion of nitrate) can he practiced up to a certain point withoat serious 
injury from. leaching. llut the grower wlio has his tobac~o on heavier, 
more retentwe soils does not often resort to irrigation. I t  is soils similar 
to those on wlliclr these experiments were conducted that the grower 
is most apt to irripale because tllese show Lhe effect of watt.r shortage 
first. Probably irrigation lias never become a regular pract.ice in growing 
tobacco here, becanse l l ~ e  grower experimented on such soils ant1 failed 
to reap tlie benefits 11e expecled. Therefore lie resigned himself to taking 
t,lie weather as i L  came, his losses in dry years, and trusting t,o the Lord 
that conditions \\.onld he better next time. 

These experiments show why he failed and how he call succeed. Most 
growers have a supply of water close a t  hand and the equipment for 
transport,ing it to t l ~ e  field is not too expensive when compared with the 
benefits. Ilnring hot, midsummer droughts his labor is usnally idle 
because little can be done on the farm till the rain comes. Therefore 
tlie increase in labor expense is little or nothing. 1 t is a common axiom 
that 90 peroellt of the grower's success in getting a crop depends on the 
weather, and corollary to this: That you can't do anything about the 
\T-eather. Like most axioms, this one is only relatively true. The grower 
cannot change the weather but he can change tile effect of it almost 
completely hy intelligent irrigation. 

If Ileavy irrigation must be resorted to, the application of nitrate is 
just as import,ant as the addition of water. Up to the present, no bad 
effects of irrigation plus nitrates on the quality or burn of the tobacco 
have been discovered. Such tobacco has been of unusually high quality, 
as \ronld be expected on this type of land in a favorable year without 
irrigation. In fact, there seems now to be no reason why we cannot 
produce hoth a big11 yield and high quality on dry, sandy lands of this 
tj1)e. 

Further experimentation is necessary to determine the optimum quantity 
of nitrate to apply and to find more convenient metllods of application. 

Other nitrates, such as nitrate of soda, \vould probably give the same 
results as nitrate of calcium. Also i t  might be more convenient to add 
the nitrate to the water a t  the point where it comes out of the pipes or hose. 
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FURTHER W E R I M E N T S  OY TIME OF tL4RVESTING 
HAVASA SEED TOBACCO 

This experiment was begun in 1935 to determine bow long Havana 
seed tobacco should be left in the field after topping, and to measure the 

of earlier or lat,er harvesting on yield, size, quality and cliemical 
composition of the leaves. The results of the f is t  season were presented 
in tlle annual report for 1.935 (Condhgr.  Exp. Sta. Bnl 386: 33-58:), 
~n 1936 the method of procedure was the same but the experimental 
plots were located on a different field (No. XI) which is more favorable 
for growth and leaches less t l ~ a r ~  Field V where the experiment was placed 
in 1935. The two seasons were also somewhat different in that there 
was an excess of rainfall in 1935 which caused a star?-ed condition of the 
leaves, while in 1936 Illere was not suficient rainfall and it was necessary 
to irrigate the field once (July 15). 

The plants \rere set on June 2. The fertilizer used was an average 
good formula wit11 cottonseed baqe, supplying 200 pounds of nitrogen, 
60 pounds of phosphoric acid, 200 ponnds of potas11 and 100 pounds 
of magnesia to l l ~ e  acre. The plants grew very rapidly and continuously 
and all appeared quite uniform at  time of topping, July 2:. The rows 
were 165 feet long, each containing about 110 plants. Three rows were 
harvested one week after topping, August 3: three others, two weeks 
afler topping; and three more, three weeks after topping. :ill were cured 
i11 t l ~ e  same tier of the same shed and were sorted in tlie station sorting 
room by commercial graders in November. 

The sorting and yield records are shown in Table 4. 

TABLE 4. EXPERIMENTS ON TIME OF HARVESTING. SORT~NG AND YIELD RECORDS 
Fon 1936 

Yield in Parmotage of mads. 
Grade 

Time of hsrre3tb.q per arm i d e x  

One week after topping 1902 111 7 1 2 1 1  5 1 3 6 1  6 1 0  
veeks after toppinp / 2222 / i T\,W \ 

Three weeks after topping 1 2.13 1 9 

Notes on the condition and appearance of tlie leaves a t  time of sorting 
were as follows: 

One week. Thinnest of all. Good quality, but of a decided grpenish 
cast. 

TWO weeks. Good qualily bnt somewhat veiny, especially the seronds. 
Three weeks. Excellent quality with good color and body; not veiny. 

No Feenish cast. 
Table 5 shows the effect of the longer period of ripening on the length 

of the leaves. The same thing is shown graphically in Figure 3. I t  is 
apparent from this tliat there is a marked and continuous expansion i n  
leaf slze after topping up to a t  least three weeks. Althougl~ no actual 
measurements of leaf tliickness were made, observations on the cured 
F e s  give the impression that the mature leaves are thicker (have more 

body") than those harvested a week after topping. 
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The most striking fact shown in the data presented is the enormous 
increase in weight during the three weeks after topping. During the 
second week there was an increase of 318 pounds to the acre, and during 
the third, another 232 pounds. The total for these two weeks amounted 

T A ~ L E  5.  PERCENTAOE OF CROP IN DIFFERENT LFNGTRS OF LEAP. 1936. 

Lcnyt1, in inches 
Time harvestad 

One reek after topping 
Two weeks after topping 
Three \reeks after topping 

L E N G T H  O F  L E A  Y E S  IN  INCHES 

Fl~unE 3. Leaf length as affected by time of harvating. 

to 29 percent increase. Similar changes in weight were noted in the 
experiment of 1935. According to analyses made on the crop of 1935, 
this is not due to any accumdation of mineral salts in the leaves (as 
ex-pressed in percentage of dry weight). I t  can he accounted for only 
on the basis of the hroader surface area and thickness of the leaves. 
Possibly there may be some increase in the organic constituents, for 
which no analyses have yet been made. Also there has been no attempt 
to measure the size of veins to see whelher they enlarge. Investiga- 
tion hy Averyen.' shows that although there is an increase in the vascular 

1 Aver).. Gmrge S. Structural rapom lo the prsatiea of tonoine robam plaota. Bot. Ga.. 96: 
1163'29. 1934. 
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tisslles of the veins after topping, it is only in proportion to the expanding .. 
leaf surfac?. 

~l~~ best grade index, by a slight margin, was obtained on the tobacco 
left standing longest in the field. The actual improvement in 

<&.-" - - 
is undoubted6 greater, however, than is indicated b y  the grade 

index. The tobacco harvested l?st had more the color and appearance 
of "ripe" tobacco, a quality deslred by the manufacturers. 

In one respect, the results of 1936 are a t  variance with the results 
of 1935. During the previous year there was a distinct drop in grade 
index at the end of the third week, due to a high percentage of yellow, 

leaves. This was clearly caused by a combination of a wet year 
the more leachy soil on which the plots were located in 1935. 

The experiments up to the present indicate that the grower will profit 
greatly by leaving the tobacco in the field for at least t h e e  weeks after 
topping, except when he is confronted with the danger of starvation 
on account of excessive rainfall, too little fertilizer, or a soil that is not 
sufficiently retentive. 

SOYBFLAN OIL MEAL AS A TOBACCO FERTILIZER 

In the last 15 years the soybean has become a crop of considerable 
importance in the United States. The land devoted to soybeans for oil 
production in 1936 was about 1.5 million acres and this is expected to 
inrrease well beyond 2 million acres in 1937. Production of meal will 
probably he close to one million tons. Soybeans are grown principally 
for the oil that is extracted from them. The meal that is left after the 
oil is exlracted is a less valuable by-product which has found a limited 
use in human foods, animal feeds and various industrial articles. With 
ever increasing acreage, however, additional uses for the surplus meal 
should he fbnnd. 

In the Orient, soybean oil meal has been use'd for centuries as a fertilizer, 
but in this country little attention has been given to this possibility. 
The composition of the meal is very similar to that of cottonseed meal, 
contaiGig about 7 percent nitrogen, 1.7 percent phosphoric acid and 
2.5 percent potash. It should, therefore, theoretically make.a good 
substitute for the popular cottonseed product,. Furthermore, slnce the 
production of meal is steadily increasing and has all the appearance ?f 
bejw a permanent commodity in the future, i t  shoulrl also compete in 
Price with the o t l ~ ~ r  meals. 

There are no published accounts of experiments in which i t  has been 
tested as a tobacco fertilizer. The ex~eriments herein recorded were 
hegun with the ohject of testing this material as the only source of nitrogen 
in the tohacco fertilizer formula, comparing i t  wit,h other standard meals 
all$ ollserving the effects on yield, grading and quality of the leaf. 

rhere are three common methods of extracting the oil from the bean, 
"alncly: The hydraulic, the expeller and the solvent processes. The 
oldest is probably the hydraulic process whereby simply the exerted 
Pressllre extracts the oil. 
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In the expeller process, the beans f i s t  pass through a grinder, and 
then are subjected to  high pressure and friction to  expel the oil. 

For the solvent process, some chemical solvent is used, surll a s  ether, 
naphtha, henzol or hexane, to  extract the oil. Afterward the meal is 
well dried through steaming, aud whatever solvent is used is thereby 
evaporated. 

Oil meal from the expeller process was included in our experiments 
for Lhe first t,ime in 1935. The resnlts were briefly reported in Bulletin 386 
of the Connecticut Agricultural Experiment Station. Because of the 
favorable outcome that year, the experiments were expanded in 1936 
and oil meal from the solvent process was also included. 

The single plot on Field V was continued in 1935. Soybean oil meal 
from the expeller process was again used here. In  both yield and grading 
the resnlts surpassed t11ose in \vllich any other organic carrier was used 
in this series. It. produced a leaf with an excellent "finisl~", meaning 
ample stretch, perfect texture and a "silky" appearance, all desirable 
characters of a wrapper leaf. In addit,ion, there was a relatively low 
percentage of "darks", wit11 the upper grades of bright color and "pii&" 
reins. 

On another field (XIII), with somewhat heavier soil, the effects of 
soybean oil meal from the expeller and solvent processes were compared 
with a fertilizer of standard composition. 

From the expeller process a coarser material, pellets, and the regular 
meal were included in the test. Three single plots were furnished with 
these different materials as the only source of nitrogen. Two check 
plots received the general fertilizer. The field was planted to  Havana 
Seed tobacco. Growl11 was unusually vigorous here with no apparent 
differences between plots receiving the oil meals. Tobacco on the check 
plots appeared to he somewhat shorter. 

Yield and grading records are given in Table 6 where i t  is seen that 
tlre highst  grade index was ohtained by the regular soybean oil meal, 
expeller process. The coarser material and the meal from the solvent 
process showed a little lower grade index but resul1.s were identical and 
higher than the average for the check plots. All the t,ohacco, however, 
from the soyhean oil meal plots was of excellent quality witlr g d  color, 
texture and veins. There were no significant differences between the 
yields produced by the tlxee materials, hnt they were all somewhat 
higher than those on the check plots. 

TABLE 6. SOYBEAN 011 MEAL TESTS. Y-D AND GRADING RECORDS FOR 1936 

So?l,ron Oil .\.fro1 as Frrli1i:rr. -- 
/ ' 

Sollree 01 nimgo,, 

General fertilizer. Cheek 1 
General fertilizer, Chock 2 
*Cottonseed mod on Field V 

Soybean oil meal (rrqalar) plot on Field V 
Soybean oil meal (regtalar) on Field XI1 
Soyl,enn oil men1 (p~llets) 

yitrification s~udies have revealetl that soybean oil meal pnxlnces 
,,itrale at  a higher and more unifonn,rale Lllall other organics, st~cll as 
c, ,~~llllsecd meal. Furthermore, tliere 1s no apprecialjle (lifference i l l  t l ~ e  

ol lritriticalion among the various kinds of soybean oil meal i~lcla(Ied 
i l l  tile 1 ~ ~ 1 .  There was thus no material gain i l l  any rpspect ohtair~prl 
from tile soybean product in pellet form. 11 may he mentinl~etl 
,I,, I I , ~ I  I he uellels have a tendency to segrepale from the other iugrerlinrts " ,.,,. .... - -  . ~ - ~  , ~ ~ 

ill a I'ert.ilizer mix! ure. P 

.is poil~terl out elsewl~ere in Illis b.uIleti11 (page 79), olle single source 
of I l i t r o~e r~  appears to be as good, it not, better illan several combined. 
11 seems important, theref?rc, lo direct investigatio~l towartl finding llle 
nlost, st~itable source for clgar leaf tobacco. So far, soyhean oil mpa 

cxreptioually j2ood results. Furtller research. liou~evnr, is 
nemssary to  observe the effect of this n~aterial on different types of tobacco, 
under a wider range of conditions and on larger areas than the rather 

Acre yield I Grade index 

Soyl,ean oil meal - (solvent process) 230.5 l j 6  
-. 

2374 
2490 
2.i.59 

Tests On Shade Tobacco 

Tile tests were also extended to  shade tobacco in 1936. In an eigllt- 
acre (.put, soy-bean oil meal was substituted for cottonseed meal on ten 

across tile center of the field a t  the rate of one ton to the acre. In 
all other respects llre two formulas were identical. Ohsen-ations during 
the sommrr sho\re~l no striking differencrs in the growvth of tobacco 
on thn t.wo formulas. At lime of liarvesting 50 hands, 2,000 leaves, 
were tagged from each primily for sorting records and an equal number 
on adjacent bents where the regl~lar cottonseed meal f!rmula was used. 
T I I ~  cured tobacco was graded by experienced sorters in the warel~orise 
of llle Gershel-Kaffenburgl~ Tobacco Company. The resnlts of the 
first three primings, 11i11e leaves to the plant, are s11ow11 in Table 7.* 

TABLE 7. \'IELD AND GUDING RECORDS OF SHADE '~OBACCO GROWV ON SOYBEAX 
OIL MEAL FORMITU 

Posiliun of l e a v e  on stalk 

Plot ( Av. ---- 
384 

:::t i .400 

1'101 

2483 
2386 
2082 

2482 

Av. 

2317 

lsl, 2nd. 3d 

4lh, 5th. 6th 

---- 
,441 
,463 
,455 

Cot tonsred 1.978 
\Yeiphrd averaw price - 1 Soybean / 1 2.067 

7th. 8th. 9th 

'l'otal lield 
(1"irst 9 I ~ n v e s )  

,454 

To compnte the price per pound, after the leaves were sorted into 
llle usual comtnercial grades, tile weight of each was mr~ltipliecl by the 
current price received by t11e packer for lhat particnlar grade, the products 
added, and the sum divided by the total number of pounds in the lot. - 

* l')lc irpmr lenvn had not yet hmn sorwd when this was writton. 

Cottonserd 
Soylxan 

Cottonseed 
Sovh~an 

1 915 
Soybean 
Cottonseed 561 
Sovlwan 552 8 

, --: 
105 $1.806 
I02 1.636 
199 2.152 
20; 1 2.30i 
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Observations of the tobacco a t  the time of sorting indicate that the 
soybean oil meal prodnced thinner and more elastic leaves than the 
cottonseed meal. Above the first picking the leaves from the soyhean 
oil meal plot were "silky", wl~ile tl~ose from the cottonseed meal plot 
were sornewl~at rougher. These difYerences in texture resulted in a greater 
proportion of leaves in the more valr~able grades, such as LL's, LC's, 
LV's and LY2 's, and fewer in t.l~e less desirable grades sucb as YL's, V's 
and RIL's. 

T l ~ r  summarized results sl~o\v that in tbis test there was no increase 
in weight from the use of soybean oil meal, but there was sd~c ien t ,  
improvement in quality to net the dealer nine cents a ponnd above the 
tobacco grown on the col.tonseed formula. 

Otlrer gro\xlers tried soybean oil meal this year on a part of their acreage 
and bave report,ed favorable results. However, exact data on these 
tests are not available. 

SINGLE SOUIICES VERSUS MIXED SOURCES OF NITROGEN 
IY THE FERTILIZER 

In the mixing of tobacco fertilizers, i t  is an almost universal c ~ ~ s t o m  
to include more than one material to  supply the required percentage 
of nitrogen. Ordinarily the most bulky nitrogenous ingredient is cotton- 
seed meal. This is usually supplcmented by smaller amounts of sucll 
materials as dry ground fish, castor pomace, linseed meal, urea, nitrate 
of sotla, nitrate of potasb, and otl~ers. 

There are two reasons for t,l~is practice. In the f m t  place, some of 
them supply nitrogen a t  a less cost, per unit.. The seconcl and perhaps 
more important reason is tbat growers and fertilizer dealers believe that 
the different marerials in a mixture supplement one anotller by decomposiug 
a t  different rates. Thus a mixture supplies available nitrates in a more 
constant and presumably more fa\-orable succession. The mineral nitrates 
are added on the tlieorg- that  there may be a sliortage of available nitrogen 
in tlie soil early in t l ~ e  season and that these added nitrates, which are 
immediately usable hy the seedling plants, may serve to start growtl~ 
more quickly. TIence they are popularly termed "starter nitrogen". 
Most fertilizer mixtures co~itain a t  least a small proportion of starter 
nitrogen. In the absence of any published tests to substantiate tlle 
correctness of these theories, a series of experiments was conducted on 
Broadleaf tobacco wibh tlie object of answering specifically tl~ese two 
questions: (1) Does a mixture of organic nitrogenons materials produce 
a better yield or higher quality than a single nitrogenons material? 
(2) Does the inclusion of starter nitrogen improve either the yield or 
~ a d i n g ?  

The answers will be discnssed separately although the plots from rhicb 
the data were taken were intermingled on the same field of Broadleaf. 

Single Organics Versus Mixed Organie. 

Five natural organic materials were used in these tests: Cottonseed 
meal, castor pomace, linseed meal, dry ground fish and corn gluten meal. 
The first four are the most commonly used organic materials in tobacco 
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fertilizers. Corn gluten meal is not in comlnon use but has been tried 
a t  t l~e  Station for several years with good results. Each 

of tilese was used alone as the only source of nitrogen in plots of I(roadleaf, 
olle tl,.ellty-fiftl~ of an acrein area. On adjacent plotsvarions combinations 
of same meals, as indicated in Table 9, were used on duplicate plots: 
fi\-e tile single sources and twelve of combined sources. 'rhe actual 
q,lanlit,y of nitrogen applied was the same in all cases, 200 pounds of 
llil,rogen (N)  to the acre. The usuaf quantities of potasl~, phosphorus, 
lrlag,lesium and calcium were also included in the ferCilizer and were 
eclua] on all plots. The field was fairly uniform and l l ~ e  plots well dis- 
tritluted to avoid possible favoring of any oue treat,ment. The experiment 
\r-a.; continued on Lhe same plots for five years. All plots were set the 
same da?: and all cultural operations were nniforrn. Observations on 
tile growmg crops in the field did not show any consistent diffrmces 
as between the various organics or the comhinalions of them. 

1 1  were aeiglied and sorted separately in the station sorting shop by 
commercial sortrrs. Tlre records of yield and grading are shown in Tables 
8 and 9. 

Comparing tlre single sources, i t  will be noted that corn gluten meal 
gave the 11igl1est yield, while linseed meal had t.he best grading, a result 
that wc have l~sually noted in otber tests of these materials. Comparing 
the comhinalions with the single sources i t  is seen that, wit11 one exceptiou, 
any single material producetl a somewhat higher yield alone than when 
it was combined with other materials. With respect to the grade index, 
bowever, i t  is difficult to draw any conclusions except tlrat the linseed 
combinations made a very good showing, but never as good as linseed 
alone. I f  we compare t,l~e average of all the single sources with the average 
of all tbe combined sources, we find that  the single sources gave a little 
better 1-ield, while the grade index was almost identical. 

Our final conclusion from tbis five-year test is that, contrary to popular 
opinion, notl~ing is gained in yield or quality by combining several 
organics. A single organic material will give as good results. As a means 
of saving on Ll~e cost of the fertilizer, l~owever, these tests indicate that 
less expensive materials may well be substituted for a part or even all 
of tile more expensive ones. T111rs tbe grower is always in a position to 
take advantage of fluctuating prices and to keep costs down. 

Nitrate Starter in the Mixture 

On the same field, on 11 plots adjacent to and int.erming1ed wit11 the 
allove mentioned, we used the same combinations of organics as in the 
I're\'lous experiment but with a nitrate starter, nitrate of potash, supplying 
I[)  ponnds of nitrogen to the acre. The amount of the organic materials 
\'as reduced in proportion in order to keep the t.otal quantity of nitrogen 
Ille>ame on all plots, 200 pouuds to the acre. In all other respects the 
fertlllzer was t l~e  same and the cultural operations were alike. 

Careful observations every year failed to show that the plants started 
more rapidly on those plots to \vl~icl~ the nitrate bad been added. Nei- 
thrr was 111~  growtl~ in any way better. The sorting and grading results 
are sllo\vn i n  Tables 9 and 10. 
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The resnlbs are not uuiformly consistent, but comparing the average 
of all plots with starter and without starter, i t  will be seen that both 
the yield ant1 grade index were ,somewhat better when no starter was 
used. At least n e  may conclude tbat there has been no advantage iin 
addiug llre starter nitrogen. The explanation probably is that in ordinary 
practice, there is alwa3-s a suficierrt quantity of nitrate in the soil to 
fi l l  the limitcd requiremenl,~ of the small plants early in the season. 

FRACTIONAL APPLICATIONS OF NITRATE OF SODA 

I t  has been long known that plants most easily absorb n i t roge~~ in 
the form of nitrates. To  this rnle tnRacco is no exception. Nitrates 
evidently provide \~.ithin the plant a more facilc startiug point in the 
metabolic function of nitrogen. It  should, therefore, he of imporl.a!~ce 
to  provide a cont.inuo~~s sl~pply of nitrates for the plants. 'I'liis is carried 
out in a measure t l~rougl~ the common practice of tobacco fertilization 
in t l ~ e  Connecticnt Valley -,here cottonseed meal a ~ ~ d  oLl~er orga~~ics 
provirle the essential part. of the nitrogcn. These organics uo~~la iu  very 
little nitrogcn in the nitrate form, hnt the complex, nitrogenous materials 
in them arc broken down gradually by tlre soil organisms and ultimately 
are supplied to Lhe plant ili simple r~i lratr  forrr~. Hiological processes 
in the soil, then, are Nat~rre's aid in supplying flte nitrates during the 
season. 

Weather conditions, howe\rer, vary considerably be tweet^ extremes of 
1101 and cold spells, drought and excessive mills, whicl~ all in various 
ways adversely all'ect a steadl: and nniform supply of nilratrs. 

Therefore, a logical procedr~re \vould he t o  apply the nitrogen to the 
growing crop in several fractions rat l~er  t l~an  in one dose before planting. 
Jkperirnents along Ll~is line were carried out a t  this Station in 1926 tl~rough 
19:10. The greater part of tile cottollseed meal and all of the nitrates 
i~rcluded in the formula were reserved for two later applications. Tlw 
results for Ll~e period, l~owevrr, showed that such fractional applications 
were disadvantageous in a very dry season and beneficial i l l  a rainy season. 
Since weather conditions are never known i n  advance, i t  was conclndr~l 
that  the best practice would be to  apply all the fertilizer before plant i~~g,  
and additiortal nitrogen in case of excrssh~e precipitation. 

Another modification of the fractional applicalion idea was suggested 
by the results of our experiments with nitrate of soda as the only source 
of nitrogen in the mixture. The latest published report or1 t l ~ e  tests 
with nitrate of soda (Corm. ,461. Exp. Sta. Bol. 386: 550-551) related 
briefly the results for tile past ten years. For the f i s t  six years, with 
the n~t ra te  applied all a t  oue time before setting, the results were very 
urrfavorable because tbe nitrogen was leached away in the early rains. 
For the following four years, with the nitrate divided into fil-e applications, 
both yield and grading were vastly improv~l .  

The five applications of nitrate of soda, each supplying 40 pounds of 
nitrogen per acre, were made a t  about 10-day intervals. T l ~ e  first one 
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,\.as lna(le a fell- days before planting, together with all the other ~lcltrients 
called for in tile formo!a. The next was made a few days after planting, 
a,(l rest a t  10-day intervals, i~nless heavy rains occl~rred in the period, 
in ,\-l,ir11 case the nitrate of soda applical.ions followed immecliately. Tlre 
last aplllicat,ioll was made wrthin the first week ol July.. Tlre type of soil 
.,, a ~ , i r l l  tllis experiment was corrdected was a very Lght, s a ~ ~ d y  loam 
of tile Jferrimac series. 

~ ~ ~ n l  tile work on soil nitrate production by single sources of nitrogen, 
rel,ortPtl by Streel (Conn. Agr. Exp. Sta. Rol. 386: 56:1), it was sllown 
t l l a ~  nit,rate of soda, in fractional applications, provided a sl~pply of 
,,ilrate at a rate about equal to that, of ally of the organics, possihly with 
tile erceptio~~ that the quantit>- of n~ t r a t e  in the seconrl week of Juue was 
unrlece~sarily high (more than 100 pounds per acre as cornpared with 
all,lut 50 pollnds for the organics). It is likely that the second application 
crlllld be rnlucal to  half, makiug l.l~e Lo~al 180 pour~ds N per acre, yet 
II<I indications have been ob.;erved that 200 ~ O I I I I ~ S  adversel). affortetl 
tI1e r~slllts. 

TIlr applicatio~~s of nilrate of soda were completerl a t  a time w-lien 
ll1c crops \\.~I.P less t.l~an 11alf grown. It  must. be assumed, tl~ns, that the 

wrrr ablr lo absorb a rcser\-e of nitrates ronsiderahl>- greatpr 
Ll~an I I I A  11re13ili11g pltysiological ~ ~ e e d ,  since lenchi~~g rains, especially 
in 193.5, anrl irrigations o r r ~ r r r i ~ ~ g  after the romplelion of the applications, 
ca~~srvl nu visihle symplorns of sLarvation of the lcaf during the now 
rn!tljil~l.~d five->-ear periotl of illis eaperirne~lt. 

' ~ I I P  resl~lls from I he p r r s r~ l t  (1936) season show t l ~ a l  11itrale of soda, 
I I r~ception, pnaluced as l~igli a yield, 2,230 pol~nds per arm, 
as an)- of the sill~le SOIII.CCS tested. 111 g rad i~~g  (grade index .:309) il. 
<.\-ct*llr(t matby of ill? conlmon "m~i~ls". 

111 t,o~nparing tlrr avrrage resu1l.s of the pasl, five years \\it11 otller 
sillglt. souwes of nitrogen carried on for lire sarne fength of Lilnr, lritratc 
of soda has produced the lrigllest gratle intiex (.:L10)  will^ linseed meal 
close hellind (.103). 'rho average yield, 1,012 pounrls per acrc, is some  
alrat  Iow~r ~ I I R I I ,  for instanre. that for cottol~seed meal, 1,901 poo~ld.; 
prr acre. 

Sillce the results from fractional applicalions of  i~i lrale  of soda are so 
(ll)\.iollsly ill line will1 tl~ose from the organics. the experiments snggest 
tllat llte main, i f  not the sole advantage of t l ~ r  "meals" is equalled hy 
sllppl~ing the nitrates a t  a proper rate. 111do11hl.edly this e~lllains X V I I Y  
"lnrals" have so long had a prominent place in tobacco fertilization in 
llle (;~Jnllr:clic~rl \-alley, where most of t l ~ e  tohacc~  land is of a ndntly 

will1 a minirnr~m capacity to retain t l m  nitrates at. times of etcesive 
ralrls. 

'J'llrougll the continuous use of nitrate of soda as a single source of 
~ ' ~ t r o ~ e u ,  the soil has become less acid. D u r i ~ ~ g  a 10-year perictrl the 
p f ~ l  \-slues have increased from 3.2 to about 6.0 i l l  early spring. This, 
I1o'vever, is uot due l o  an acc~~mnlation of sodium, as sbown by onr 
lysilneter data, since soctir~~n is readily leache(l, I r a v i n ~  other valuable 

almost unalfectetl. 



Chemic~al analysis has shovn t l ~ a l  only a very small percentage of 
sodium is ahsorbed by the tobacco plarll. 1\Ioreover, the ahsorption of 
potash bas not heen adversrly alfected. 

Kitrate of soda, used a l o ~ ~ e ,  ohvionly does ltot replenish minor elements 
to  as fme a degree as tlie "mrals". 'Thus a merit might possibly be added 
to  a material containing snclr elrnie~lt?; as impurities. 

Tltc economical side of the pn)hlem is whether or not one conld rise 
nitrate of soda alo~le in place of other sonrces of nitrogen. T l ~ e  cost, 
ofnitrogen in this material is about lialf that of any of thecommon "~neals", 
wliich permits a saving in the cost. of fert,ilizer. Tlris, l~owever, nllist 
be halanced against the extra labor cost involved in the fractional applica- 
tions, mainl3- [land labor. This wtlole idea sl~otlld be tried out by some 
rommercial power on a larger area than is permissible with plot work 
a t  the station farm. 

EXPERlnlENTS ON CONTROL OF INSECTS OF TOBACCO, 1936 

Brcanse of the increasing seriousness of some insect problems, 
particnlarly those presented by flea beetles, thrips, and wireworms, the 
Conneclicut IJalley tobacco growers asked for assistance from the ilnited 
States Department of hpicult,ure to lacilitate the development of adequate 
control methods. After an investigation of the sitnation, t.he Bnreau 
of E~~tomology and Plant. Quarantine of the United Slates Department 
of Agriculture assigned lo this Station a full-time entomologist (Morrill) 
t,o coiiperate wit11 the station entomologist (Lacroix) \r.ho has been con- 
ducting insect control experiments during the  summers a t  Windsor since 
1930. This is a report of the cooperal,i~e experiments of the lirst summer, 
beginni~~g on June 2, 19'36. 

The major problem attacked during this season was the control of blie 
potato flea beetle, Epitrix clzcumeris Harris, on shade and field tobacco. 
This beetle has been very destructive during the past few years. At 
the t,ime the investigations started, i t  was extremely abundant in potato 
fields, whence i t  was believed to  have migrated to  tobacco, especially 
after the application of Bordeaux mixbure to the potatoes. Duplicate 
control experiments were commenced in two shade tents about a mile 
apart. 
- 

t J U D ~ O C  B-u E ~ ~ I ~ ~ ~ ~ ~ ~ ~  and plant gasmntine, t~nired neparlmont 
or Agriculture. 

9 Aaaistant Enlomolorirl of ~ h o  Denartmentor Entomolomal tlno Comeclinrt Amiclrltural Experiment sultioo. 

Experimetltnl Xlethods in Sltacle Tents 

J>lols were laid o t ~ t  in tliesr tents so that ear11 consisLed of 10 bents, 
or one-rl~~arler acre. Since it, was desired to obtain empirical knowledge 
ratlrer llta~l extrcmrly precise results (luring this lirst season's work, the 
p lo~s  jwrp not s~~hdi \~ i~ l rc I  ancl randomized, arcorcling to  present-day 
appro\-ed pn)crdure, b111 were lakl oyt parallel. .\I1 plots used in the 
elperirne~ttz l~ordrred oil thc ontside ol llle tent. 

Flcune 4. nllstinp yourrg plonls  of shade-grown tohacto 
ror eanlml ol tho potato flea t,l~c~lc. \Vin<lu,r, 19:1f,. The 

oprmtor is 115in0 ;r <lust mask. 

With one exception ihe insecticides used were diluted with sterile 
tobacco dust, finely ground and certified by Lhe manufactt~rers to be a 
by-product in the manufadture of nicotine solfate. In plot. No. 1% Ilowe\'~r, 
tile Lao materials tined diluted each oiher. I'lot No. 1 u7as dusted with 
a rnixlnre composed of two parts of the tobacco dust by \xreigltl lo eight 
Parts of harinm fluosilicate. Plot No. 2 received a mixture containing one 





 ABLE 11. !V~ORTAI.ITY OF FLEA DL&T~.ES AS A ~ E S I ~ L T  OF THE APPLICATIOY OF 
INSBCTIC~DE~ OX EXPERI\IESTL &'LOTS OF SHADE T O R C ~ .  \\'I\-DSOH, JUXE,  

.Sow-. AUGUST, 1930 
- - - -. 

I Nl?lrlb?r of ltlrpeb 1 Total mrzlnlerci:d lmvm iujured 
I I I ID wr IOU p ~ ~ ~ ~ f ~  

105 
132 61 

1 3 i 4  20 i  134 114 52 
4 lil 113 33 

Cheek" I 9  
-- 232 -- 1\77 

7 -  
.1 ( 70 1 16 

2 .> 62 3.5 41 25 
18 24 

49 
Check' 203 399 131 

: FIdI.. u r n  lwnlnl uolh l lw  L>l lnunn~  n#nt.rinle: 
I I("r,,.,,, Il.,l,.il,l"l. .. X ]".~,,tl. L. 1111" I.,, I,,.,. 2 1118 I,,, I, 
2 .  1101.. , . . , I  , " . . ~ l l ~ ,  I ,",.*'.I ",L,,l.,,CJ 1 ,">IIIIII: ll,l.~..l,1I!1.1. t,",""tls. 

4 .  1 ~ l . r l l c l l l  !Ill. .I,,, IT... " I.. I I I I I I - .  ",,I.:. ,.#11 1- v t l ~ r  1 l r m . 1 1 1  rl1l..t11.111.,. 2 pn~lllll .  
1 < . I 1 1 1 1 1  .,11,11,11 411, 11 1 .I...: ,,... X ,*.1111,,1. t .I,(.L*",I~I , . I .  1 ,.,,,,,,I1 

: ~ I ~ ~ ~ ~ , ~ . ~ ~ ~ . ~  ..I~..~! na.l,i.$lrr,t., m 4 n t i t  1.. v,,,l,wr. ' ( l l "  n IIIIII..I%. .ill.. 11 i  11111.111 1111111 1 r 6," l.,.., ' I I ~ . ? ~  I.~BI\.. .r. . r l l l l t l ~  L., sl,..l.lM.r 
' I  11.r.L I .  .t. u..r< ,111 ... ",,.,~!..l, a ,,,rcatnl. 

i t  will he noted that the mixture of cuhk root powder and tohacco dust 
showed the highest. nurnher of dead beetles ant1 the next. to the least 
total leaf injury. The rnixture of barium fluosilicate and cub6 root powder 
was somewliat. more effective if jndged by the number of live beetles 
alrd the total leaf injury. This superiority is not helieved to he sufficieut 
to jl~stify the increased cost of the mixtore, since eac11 material was used 
a t  nearlv the same strenat,h as when nsed alone. Barium Iluosilicate . , 
alrtf sodiunl aluminum flr~osilicate seemed approximately of the same 
ell'ectireness and each cansed co~rsiderahle ~ a i n l i n e  of thc leaf. The 
*oclium a lumi~~um flnosilicate hat1 llre fnrtl~er'disadv~ntage of coming un- 
evenly from the gun and thns rausetl even heavier paintilrg. 

Gntml Experiments on llavana Seed Tobacco 

Iluring the seasons of 1935 and 1936 large quantities of a number of 
materials have been applied on a commercial scale in efforts to  conlrnl 
potato llea beetles or; -tobacco. Barium flnosilicate dust and various 
dust mixtures containing rotenone have in the past proved most efictive 
and some growers ha\~ecomhined tlre two types of material. \I1here the 
two insecticides have been mixed together, half and half, and further 
diluted with tohacco dust, the Control has been unsatisfactory. The 
reasoll for this is that each ingredie~it is diluted by the addition of l l ~ e  
other and both are weakened by the further addition of 1ot)acco dust. 

In  19136 compariso~is were made of the elTectiveness of a dust mixture 
coutaini~~p 1 percent of rotenone; harium flnosilicate diluted with tnl~acco 
dust one to  three by volume; cuh6 roof. powder (1 percent rot,enone) 
ant1 barium fluosilicate mixed in equal parts with no tobacco dnst; ancl 
a proprietaq dnst mixtnre containing .55 percent rotenone. Tlrer- 

jIls~c~irider were applied to Havana Seed lohacco at the Ex!,eriment, 
~ t ~ t i o l r  1111 July 18, J!rly 27, ant1 Alignst, :I, following the increase br the 
hee[lr popnlatio~~ w!l~ch hegan ahonl. J I I I ~  15. Counls of flra hretles 
,,ere taken at l l ~ e  l ~ m e  of (lusting and again 48 hours later. Table 12 

I 
S ~ I , , ~ ~  the data rollectetl. 

- - ~. ~ -- -- 
- -- 

I Flrn h ~ n t l r  pupulnliox8 C U L  2 5  rslanl< 

lus.%ticidr llsnl 
- -- 

July 1 R  .luly 211 I Ju ly  2: .Ib8Is .'Y ! .\IIG. :I \ u s .  5 - - -. ~ - -~ - - 
I),,s~ mixtore, 1% rotenone 8 1 - 9 
Hnl.iom ll~a,silicatn. tohncu> 

. I , , q +  m i ~ l ~ a n . .  1 to 3 1 29 0 

.\Il dusts except one were applied a t  tlre rate of 12 ponnds to the acrr. 
Tllemixtllre of 1 p ~ r ~ : e n t  rotenone cl~ist and harium flnosilicate \ras applied 
a t  the rate of 15 p o n ~ ~ d s  per acre. At f,lre same time observations \Irere 
made 011 the extent of llea beetle injury to the leaves on the various plots. 
'I'ltc results are contained in Table 13. 

~ "...~. ~ . 
Dust mixtc~re, 4% rolenono, 

hnriurn lluosilictrl~, equal 
p;,r1s 

DI,.;~ I I I ~ X L U P P ,  5 5 %  rotenone 
18 .: L7 1 3 3 I 
:I4 I: 38 t l  h 

N<,rlv (Check) 2.t 113 : 47 1 32 :1'; 
- - - .-- -- 

33 
--- - .- - p~ 

TIELE 13. FLEA BEETLE INJURY Ox INSECTICIDE TEST PLOTS ( N I ~ I R E R  OF IYJUHXD 
I,FAVRS ON 2.5 PUNTS) ON HAVIVA SEED TORACCO. W ~ ~ n s o n ,  I936 

Dale 

-~ - 

.Iuly I8 

July 20 

J u l y  2 i  

.1111? 29 

AUK. 3 

\na. 5 

Deprw or 
ir,i,,ry 

Nstrnher of lesvpr i n j u r d  on plola tr-atad with1 

-- - I R!vrre 1 ~. - 2 ' 21 i 
. ~p 

' MnteriaS 4: 
A .  I i ~ r e p o t  mlenono dust. 
R. Rurillm Il"osilIenlc, tohaan dm,. 1 u, 3. 
c:. I Percent mtrnor,e dust. barillrn Iluoniliate, equal pnrta. 
D. .55 pcrcont mtrnone dust. 

' Onefourth or lnr. " ~ 6 %  for wmppe.. ' Onsbnl f  of leaf tunlit rar wrsgwr. ' l+ntlt hdrw lea[ uslik for wmpprr. 

Weterinl A j Ma~. r i s l  R 

Slipht, 5 
kf0cImate3 2 
S,.\ *re4 1 
Slight 
\ lodcr~t,e 
Scwrc 0 0 

- 

R -I 
I I I 1 

Slight 
Alrld~rate i i  3 1 5 

I I 
1 
14 - 

6 8 
- 9 
0 

9 

4 
2 

11 
- 9 

I 
1 I 

3 
9 - > - > 

13 
10 

St.\ 1.n: I 
Slifil~t I 10 
Rlodrratp 6 

I , :3 
11 1 .i 

Sc\ ere 
Slight 
Morl~mte 

3 I 21 
0 1 
9 

n 18 
I1 I l i  41 - 11 3 2  

2 
IS 

Severe 1 9 

Slight 12 8 13 
i l < u l ~ m t e  h 
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7'hc potatoes a-ere sprayed \vit,l~ Bordeaux mixture c1111p once, follon-ing 
\\-l-hicl~ t l~ere \\.as a slight i~icrease of i-jeetles observed 1111 the screells. Th r  
number of beetles carlglit, of course, rrpresents o11Iy a se:m~e~it of tlie 
air one foot in wicltl~, or a coveragp kiy tlie follr screens iir  each gn)ilp 
of about one foot in 10. The largo  umbers of beetle.: on 1 . 1 1 ~  potato 
plants were therefore represe~~ted by comparalivelp small 1111rnbers on 
the screens. Consisteirl. flt~sting of tlre shadr lnhacco at six-day i~rtervals 
may hare some\vlrat allbcled t lie rlifferential betwee11 tlie catcl~es rnatlc 
011 tlie outward anil inward faces of the screen. Vererlh~lrsr.  as will 
he seen by tlie following table, the be6tlrs seemed tlefirritrly to fly frorn 
l l ~ e  potatoes to l l ~ e  Havalla Seed tobacco and lo the sllatle tell( and 
showed a markal preferer~c~e for the latter. 'Tile catrhcn made rrrr l l ~ e  
screens also indicated txo  hrootls. which coincided in (late with the ueriorl 

Experiments in Insect Control 

Observations on Large-Scale Dusting 

~ ~ ~ r l y  all growers of shade tobacco dusted regularly a t  about 6-day 
intervals with dusts containing .67 to .83 percent rotenone, and these 
treatments apparently prevented the flea beetle from doing any con- 
siderable damage. I t  was also impossible t o  deter@ne whpt the potential 
damage might have been, as has been stated, but 1n some Instances where 
growers did not dust regularly, or thormghly, as in the case of the untreated 
checks in tlie experiment, larger amount ?f damage was noted. Growers 
\rere generally of the oplmon tliat the dustrng was of considerable benefit. 
Tile results of counts of flea beetles ~n a field dusted by a grower in the 
manner mentioned above are given in Table 17. 

of greatest aho~ldance on l l ~ e  ci~rck plots ill  the dr~sting exprri;nents. 
TABLE 17. TOTAL COUNTS FROM FOUR STATIONS OF 25 Prim, EACH I N  A -FIELD 

Drls~en BY G n o m  wm PROPRIETARY ROTENONE DUST. 
Flea Beetle Emergence Studies \T"Nnson, Comacncu~, 1936' 

After the lirst emergence (spring brood) of flea beetles llad sobsided 
and before t l ~ e  second generation !lad made an appearance, large clot11 
cages were placed over 12 plants, 6 In the open field and 6 in a s l~ade t a t .  
Tl~eseplants aere observed to liave been attacked by tlze earliest emerging 
llna beelles but were otlrer\rise typical. The cages were examined afler 
being placed to make sum that no flea beetles were inside a t  t l ~ a t  time. 
They were tliel~ checked every second day and the number of flea beetles 
emerged was noted. The results of this study aere  negat,ive, since com- 
parat.ively few irrdividl~als emerged in the cages, althougli the soil around 
l l ~ e  caged plants was of approximately the same moisture content as the 
general lield. 

The numbers of beetles found in the untreated checks of the toxicity 
experiments, which surrounded the cage,  could not have been accounted 
for by such emergence. General observations indicated that  beetles 
were entering the tents in large numbers from the outside. However, 
the beetles sl~owed delinite prefrre~~ce for certain plants, often the diseased 
or otherwise weakened ones, arrd many plants \>-ere not attacked a t  all 
until a 11eavy infestation was observed on other plants nearby. For this 
reason, it is possible tliat. the tobacco chosen was not representative of 
the infested plants. Since tliese heavily infested plants were often some 
distance within the shade tent,, i t  would seem toindicate that some breeding 
was occurring within the field. 

The flea beetles appeared in the fields in large numbers about the middle 
of June, but the slimmer brood was very slow in emergence, tlie peak 
occurring suddenly around July '23 and continuing ll~rough the first 
week in August. Usually there is a gradual but  decided illcrease fro111 
abol~t  July 4 on, but this year there was little or no "build-up" preceding 
the peak. But  little rain fell until July 20, when there was .4h inch. 011 

July 23 there was a rainfall of 1.24 inches. Careful and continuous dusting 
on the part of most growers of shade tobacco reduced tile infest.atio~~ 
greatly. Havana Seed tobacco had light to moderate irifestatio~~s and 
Broadleaf in some sections was comparatively free from injury. 

' Dust applisd at about 6dsy intwsls. 8 lhn. p r  sere. Dust mnmoed .83 -DL rotenone. 
2 Onefourth or 1- or leal area d r  lor WraDmr. 
onrhnlf of losf unfit for WrepDer. 
Both l~nlvos or leaf unfit for wmppr. 

count for 
we& ending 

" 17 
" 27 

hug. 1 

Other Gops as Counter Attractions for Beetles 

Flea beetles were ohsenred feeding on corn planted in rows between 
potatoes and field tobacco, one grower reporting that the corn had beer1 
intended as a "buffer." That  not all the beetles stopped a t  the corn, 
]lo\\-ever, was shown by the comparatively heavier infestation of the 
first four to  five rows of the tobacco on tha t  side. Sunflo\~ers, on the 
other hand, which were pla~ited by one grower for shade in, alternate 
rows wit11 his Havana Seed tobacco, proved definitely atlractlveJ0 the 
flea beetles. These sunflowers were riddled by the beetles whlle the 
tohacco sliowed little or uo damage, nor were Inany beetles found restlng 
on tllc tobacco although the sunflower leaves were lieav~ly populated. 

Flea h U s  Plank injured Inurnher leayea) 

Tho Use of Power Dusters for Contml of Flea Beetles 

Alive 

9 
1 

19 
7 
0 

During the summer of 1936, tlie use of power machinery was undertaken 
for the application of poison dusts for flea beetle control. Two types 
of dusters were used by some of the larger growers on shade tobacco, one a 
horse-drawn machine arid the other tractor-clra\vn. 

19 2 
3 

13 9 5 
5 3 3 
3 0 0 - 



The accompanying pl~otograplr (Figure 7 )  shows one of these types. 
Dust applied 11s these mnclrines is rlistributed very evenly over the 
planls on hot11 surfaces of Llre leaves hecause it comes out of the hlower 
a t  a hig11 \relncity aud also because of the swirli~rg motion as i t  leaves 
the machine. The eficie~~cy of tlre power duster further proved itself 
by great.1)- reducing flea beetle injury and hy the ability of the duster 
t o  cover a large acreage ill a short lime. Several gro\vers found it of 
use in dustirrg Llre outer, more severely infested bents after the tobacco 
growth prevenled dusting I he elltire aliadc. 

I 7 .  I'oi\er iltlstc,r adaplc~l lor u i v  in I0:IO I)!. to hat^^ gro\v<,rs inn ille 
Connecti<:ul. Vnllry lor control ol' the Ilea hprtlr. I 

One drawhack wliirlr will he remedied baforc anothw season is 
the lreighl of the power duster. A s  a result of a conference with the 
manofarturer of the machine used irr 1936, i t  is planned 1.0 increase t l ~ a  
Ireidit so that dustir~g may he carried on unlil the tobacco reaches a 
nraxinrom of foor feet, six 111cI1es. (See Figure 7 . )  

Experiments were conducted this season also on the control of tobacco 
tl~rips, Frankli~tiella fusca Hinds, wit11 the same materials a t  the same 
dilutions as tl~ose wliicl~ have been used experimen~ally in tlre Florida 
shade tobacco district. Duplicate plots were laid out in two separate 
shade tents, each plot heinp 2 bents, or .05 acre. Counts were made 
on 10 plants clrosen at random in each   lot. Ao~lications were made 
at weeklv intervals. 
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The following materials were used, and these were sprayed 011 plots 
in the order listed, at the rate of 2.5 gallons per plot and, in 

last application, 5 gallons per plot: 

1. Lsuryl ttkiocynnate (1-400) 
2. Nicotine solfale, 40 percent strength (1-400) 

Spreadrr (an oxidized, snlphonfited petroleum product) (1-200) 
3. 4icolinr sulfate, 40 percent st&ngth (1-400) 

\lolassc~, black strap (1-20) 
4. I'>~-ret.hrum exlract (1-400) 

Nctttrsl liquid soap (1-250) 
. Cu& root po,vcler, 4 percenl rotenone (3 pounds to 50 gallon?) 

Sprcadpr, (1-400) sulfated pllengl phenol 
6. C U M  root powder (6 pounds lo 50 gallons) 

Spreader, (1-400) sulfated phcnyl phenol 

Plot No. 7 u-as left. untreated as a check and plot No. 5 was later clranged 
to cuhi. root potitler, 12 pounds to 50 gallons of water. 

As \\.ill he seen from Tabla 18, none of tlle materials tpsted proved 
satisfactor?- at the s l re~lg~hs  used, altlrouglr No. 3, contain~rrg molasses, 
serlned more satisfacton- thau tlre rest. The dosage on plot NO. 5 was 
Increased on July 10, when the plants were about Iralf-grown, t o  12 pounds 
of cab6 root powder to 50 gallons of water. As may be seen from the 
table, this strength of cub6 root powder may have lrad gmd  results, 
although the greater dilution did not. 'rile sudden and rapid growttl 
of the plants after July 20 pevented further tesli~rg after Llrat date. 
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N u m b u  live thrips Nomber plaots afected 
Plola No. Plot3 No. Ck Ck 

D a t a 1 1 2 3  4 5 6 N S  1 2 3  4 5 6 N S  

1936 Field 1. Eeat Grnnb~ 

June16 O h 1  3 1 3  1 3 0 4  1 6  1 3  1 3  
2 3 7 6 1 3 1 2 4 3 3 4 1 3 1 2 3 2  

J u ! r 1  1 0 3  1 3 5  0 4  1 0 3 1 3  5 0 4  8 29 31 19 27 21 30 28 35 5 8 7 7 8 10 8 10 
" 1 0  1 1 9 2 2 1 1 1 5 2 2 1 7  0 1 8  7 8 1 0  7 9 0  
" 1 5 '  4 8 5  17 5 18 14 15 4 6 4 8 3 8 7 7 
" 1 7  3 6 1  3 8 5 4 7 2 5 1 3  5 5 3 4  

- - - _ - _ _ - _ _ - - _ A _ _ _ _  

Total 45 76 52 65 54 85 68 67 16 35 24 36 31 40 31 30 
. . .  I , I L % , l J I l  

Field 2. Windwr 

July 6 36 48 31 51 35 52 39 59 9 9 10 10 9 9 10 
L: :  13 43 66 15 31 30 65 40 123 9 9 9 9 9 9 9 

15 36 34 10 31 32 37 16 89 10 8 6 9 9 10 7 
" 2 0 '  7 21 13 32 8 31 7 48 4 9 6 10 7 9 7 

Total 122169 69 145 105 185 102 314 32 35 31 38 34 37 33 

' Dosw in plot No. 5 waa chan~ed on July 13 to eubk mot powder 12 Ih. to SO gsltona of water. 
' Rains prevented counting on July 23, or spraying on July 27. The plants w u c  aobaequenuy too 

well gmwu for eSeetire sprayiog. 

Several growers have stated that they were of the opinion that the 
dusting with proprietary cub6 root powders, when the plants were wet 
with dew, had a controlling effect on the tluips population. They 
described the thrips infestation as potentially the worst in several years, 
but actual damage as being smaller than i t  has been a t  times in the past. 
The sprays were applied a t  the rate of 50 gallons per acre, equalling a 
dust of three to six pounds per acre. Since the dust is applied a t  the 
rate of eight pounds per acre, a heavy dew might form a toxic mixture, 
as in the case with the flea beetle. This heavier dosage is said to have 
been reported from Australia as effective and will be tested next season. 

In 1936 the eastern field wireworm (Pheletes ectypus Say) probably 
caused less injury than for severaL years. In a few isolated cases damage 
was quite persistent, feeding being observed until late in June on one 
plantation. On some sllade plantings in East Hartford, the larvae 
of this insect have been observed to infest tobacco on the lighter soils 
over a per~od of years. One grower noticed heavier infestation of plants 
set in the post rows and thought that this was due to the fact that more 
water is usedin hand-setting of plants in these rows than is used in machine- 
setting in ihe otl~ers. 
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 if^ history studies on this %ect are also, being continued. Du@g 
the first year of larval l i e  there 1s a gradual Increase in size, and during 
the first few months of the second ye?, there occurs a sudden increase 
in length. Also, there is a w~de  vartatlon m the rate of growth of 
individuals. 

Larvae which hatched in June, 1935, ranged from 4 to 8 mm. (one-sixth 
to olle-tldrd inch) in length on April 23, 1936. In July, 1936, these had 
increased in size from 6 to 14 mm. (on{-fourth to one-half inch) in length. 

~ 1 , ~  red-legged grasshopper (Melanoplus femur-rubrum DeG) and the 
lesser migratory locust (iM. mexicanus mexicanw Saussure) were ver:. b 
numerous around East Hartford on Broadleaf tobacco and were f o u ~ a ~  
in large numbers in many shade tents in the western part of the Connecticut 
yalley, particularly in shades wluch had been in hay or weeds the previous 
year. The Carolina grasshopper (Dissotiera carolina Linn.) accompanied 
the above-mentioned species particularly on sun-grown tobacco. 

Cutworms of vanous species were abundant and infestations of the 
dark-sided cutworm (Euxoa messoria IIarr.) continued until early July 
on fields not probected with the usual poisoned bait. No serious infesta- 
tions of the spotted cutworm (Agrolls c-nigrum Linn.) were noted although 
two specimens were taken in East Granhy high up on shade-grown tobacco 
plants. 

The tobacco budworm (Heliothis uirescens Fabr.) was found but once 
and that early in July on Havana Seed tobacco in West Suffield. 

The tobacco thrips (Frankliniella jusca Hinds) caused fairly severe 
injury throughout shade-grown tobacco areas this year, moderate to 
severe injury on Havana Seed tobacco, and slight injury to Broadleaf. 
Tlte insect was taken in the field from late June through to early September 
w11en;it was found on small suckers left after harvest in fields of Havana 
Seed tobacco. 

1-ery few infestations of the common stalk borer (Papaipema nitela 
Guenee) were reported. 

Frcun~ 9. Larva of the tobacco hornworm (southern species) Phlegelhon- 
lirrs geinquemaeulala Haw., showing moons of the paraate, Apanleles spp. 



Hornworms (Phlegelhontius quinquemaculala Haw. aud P. sexta 
Johan.) were much less in evidence than in previous years throughout 
the Connecticut Valley, many fields being pract.ically free from 11ornworm 
injury. Fields in llanchester which hacl been l~eavily infested two years 
ago had very feu. of these insects this year. Late in the season, Irowevcr, 
many hornworms were taken from suckers throughout the tobacco districts 
in the Connecticut I'alley. During the growing season a h i ~ t ~ t  80 percent 
of the individuals collected were parasitized by a small wasp (.4panfeles 
spp.) and many were observed in tobacco-curi~~g banis, stutlded with 
the small while cocoons of this parasite (Figure 9). Of the later generation, 
I~owever, very little parasitism was noted and i t  is possible that many 
of these late individuals were able to  complete development and enter 
the ground for pupation and hibernation before l l ~ e  severe cold killed 
the host suckers. 111 lields where many l~ornworms are noted, or wl~ere 
they have been a pest, during t.11e growing season, a second harrowi~~g 
for the destruction of suckers might prove of suficient benefit to warrant 
such treat.ment,. 

STUDIES ON THE ANATOnlY OF THE TOnACCO LEAF 

I. THE MIDRIB 

I n  contrast with the great wealth of informatio~~ publisl~ed UII chemical 
and pbysiological investigations of the tobacco leaf, very few art.icles 
have appeared dealing will1 tlie anatomy, or structure, of the leaf. Yet 
i t  is quite prohahlr that the structure may be just as important as cl~emical 
composition in its influence on the various factors r l~a t  malie up quality 
in tc~bacco. Many of the cultural operations, such as topping, suckeri~ig, 
irrigation and shading, change the leaf structure profoundly. Such 
anatomical alterat~ons, in turn, make the leaves more suitable or less 
suitable for cigar wrappers and hinders, or may change tile combustion 
properties of the cigar. 

Preliminary to a study of the effects of changes in cultural a ~ ~ d  environ- 
mental conditions on the leaf structure, i t  is necessary to investigate 
to the smallest detail the anatomy of the normal leaf in ordinary surround- 
. Then we llave a starting point from wl~ich we may study the cl ia~~ges 
that are effected by any mmlificatioll of cultr~ral practices or environment. 
h tlrorougl~ knowledge of the normal atlatomy is also a preliminary require- 
ment to the sludy of all sorts of diseases and disonlers of the leaves. 
Again it is prerequisite to  the stody of cllar~ges carlsetl by parasitic 
organisms, vlruses and insects. . 

I t  was with the object of acquiring suc11 fundameutal iu for~~~at ion  
that the present investigation was nndertakel~. The writer began this 
study in 1931-32 wllile on sabbatical leave and working in the Botanical 
Laboratory of the University of Rdddherg in Germany'. 

' Tho writer Idea this o ~ l n r t u l l i t ~  to exp- bir dnmrc sppreeialion or tbe naistaom. idanm and kindly e o u l w ~  or UP. I. ~ o s t ,  llcod or r t~c ~ o m i e a l  nepnr~mant the univereity or i ~ ~ . i d c K ~ ~ .  nod t -  bi. able ss.,ala.,te. 
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The results of the work have not been publisl~ed before becarlse of 
lack of time to  complete maliy of the details wl~ich should be more care- 
fu l ly  investigated. There is still much to  be done, and the pFeselrt report 
is ollly a begnuing of a more thorougl~ study tllat Lhe wr~ te r  hopes to 
pllblisli as he has opportunity to pursue the subject further. The present 
description of the midrib structure is presented a t  this time because 
,f its relati011 to  the sludy of vein-ro,t as described in a later section of 
this report. 

Subsequent to the iuitiation of this i~~vestigalion, Avery' has published 
lIlree excellent papers dealing with the structure of tlie tobacco leaf. 
These constitute our most important contribution to this subject. Avery 
cleals particularly !vit11 the origin and developmel~t (o~! togn~)  of the 
diU'e,rent kinds of tlssues during the growtl~ of the leaf, wlnle in the present 
illvestigat.ion we are inlerested only in the fully developed tissues of l l ~ e  
mature leaf. Nevertl~eless, blre fields of the two mvestigaLi?ns (using the 
same types of tobacco, all grown in Connecticut) overlap In large areas; 
and in these areas our results have confirmed in every detail tl~ave of 
A .  Our .excuse for publishirrg those parts which largely duplicate 
A~ery 's  finding, is that this bnlletin will be distributed to a tlilrerent 
group of readers who may never have occasiou t? see the jourllals to 
whicll hvery has cuntnbuted. In  the second place 1 t . i ~  deslrahle to give 
t h e  reader a aom~leLe ~ i c t u r e  here without referring 111m to  other puhlica- ...-.. ~~ ~ 

tions wl~ich m a y ~ l o ~  bk accessible to him. 
111 Connecticut types of tobacco, the leaf has no petiole ( l ed  stalk) 

and therefore the midr~b' extends from the main stalk of the plant up 
tllrougli the center of the leaf to its extreme tip. At its point of insertion 
on the stalk, the midrib of the Havana Seed variety, which was used 
in this investigalion, is aboul one-half i11cIi lhlck and tapers upward 
rrgnlarly to a srnall thread a t  the tip of the leaf. 011 the upper slde it 
is almost level wilh, or even sunkeli groovelike somewhat beneat11 the 
level of the upper surface of the blade of the leaf. Uul on the under 
side it projects from the level of the lourer surface of the leaf as a 
promir~e~~t ,  half-round vein. The insert io~~ of the leaf blade a t  the upper 
angles of the vein is show11 in Figure 10 wlti'cl~ is a photograp11 of a tlrin 
cross-section of a midrib magnified about 15 diameters. 

This same photograph also shows in cross-sect~on the principal tissues 
of l l ~ e  vein. The epidermis is one layer of small cells arounrl the entire 
outside of the section. Just beneath the epiderm~s is the chlor~r~chyma, 
two or three layers of small cells wl~ic l~  appear green ill a fresh seotion 
because Lhey alone corltain chloropl~yll which gives green color to  the vein. 
Ineide t l ~ e  circle of the cl~lorencllyma layer is the cortm, a broad layer 
of large, thin-walled cells wlliclr constitutes tlre largest bulk of lhe veln. 
In  the center of the picture is a promine111 downward-cunreil arc11 of cells 
of an elltirely different appearance and structure. This is the anscular 
- 
I.krery. GmrW S. germination 01 wbeaco 4 oncl the de.elopmento1 aonwmy of the 

d j r l y  .4m. lour, lint. 20: 30+31i. 19:l). --- - - S L I U C L ~ ~ ~  and devclopmont 01 tobacm,lesr. Am. lour. Bot. 20: 565-5'1:. 1933. - - - Stnmtl lrul  n.*rlnueJ to ~ l ~ s p r n c q , ~ ~ f  tnpslllg -barn plnnts. k t .  G B ~ .  96: 91,l-329. 
11)JI. 

:In the tobarn trade she ia aommody refererred w as ,he "?tern". Thas Llte pmcor. o<''=ternnlio~" 
io pigar ra~k,~ia~ el.ewhero rofrrs to tllc N ~ ~ V C I I  of cite mldrlb rmrn the ihlncle ?I the leaf. Hot- 
an>eall* 81x.~in=. this ,lJo or tb,: tarlll illcc>rn:rt. '(\lidrib'' a n d  " ~ ~ ~ ~ c l r e t o "  are tbs  trrms 
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arch and is functionally the most important part of the vein. Immed- 
iately surroundmg the vascular arch is a circle of small cells, the pericycle. 
Each of these tissues can now be described more in detail. 

Epidermis 

The epidermis of the midrib is composed of slender, p&allel cells, as 
shown in Figure 12 A, the long axis of the cells in the same direction as 
the length of the vein. As seen in surface view, the cells are irregularly 
fusiform polygonal in ontline with llle tapering epds dove-tailing. The 
cells are 200 to 300 microns long by 25 to 60 mcrons wide. In cross- 
section (Figure 12 C) they are somewhat quadrangular. .The outer wall 
is covered by a thick, water-proof cuticle rvliich makes, it appear much 
thicker than the other walls. There are no chloroplastids, in the unmodified 
epidermal cells. Two modifications of the epiderm~s require special 
description. 

Frome 10. Cr-ection of midrib stsined with haematoxylon. The horn- 
like projections at the upper left and right show the points of attachment of 

the leaf blade. 

The Glandular Hairs. When the leaf is young, the midrib is hirsute 
with white, straight hairs (Fi,we 11). As i t  becomes older, the hairs 
are not so noticeable, although they do not disappear. The hairs are 
straightsometimes slightly corvedsimple, undivided and vary greatly 
in length from 200 microns up to 2 millimeters, and in diameter from 
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20 to 150 microns. Each hair rises directly from the center of an epidermal 
cell (Figures 12 B and 12 C )  and the wall between the hase of the hair 
and the top of the epidermal cell appears thin since i t  has no cuticle. 
The shape of the hairs is shown in Figure 12 F. The stalk consists of 
two to five hyaline cells tapering from tlie hase upward. At tlie tip of 
most of the hairs there is an enlar~ed k n o h t h e  gland-which is densely 
filled with coarsely granular protoplasm and globples of a brown or greenish 
material.~Iiat completely permeates, tlie interlor of the cells and also 
appearsron the outer surface as a ragged, sticky exudate. Typically, 
the apical gland consists of one oval cell-or is divided by a cross-wall 
into&t\ro cells. However, glands of three to six cells are not infrequent. 
Sometimes'there are also vertical septa in addition to the more usual 
llorizontal ones (Figure 12 F). 

FIGURE 11. Midrih of young leaf showing glandular hairs. 

The,secretion that exudes to the surface of these apical glands is the 
well known gum that makes the leaves feel sticky and that stains the 
hands of workmen with a thick, black, tenacious layer that is difficult 
to wash off even with soap and water. This gum has not been investigated 
chemically and its functions and properties are little known. I t  remains 
on the leaf surfaces during curing hut disappears almost entirely during 
tlie fermentation process. Since it could possibly have a distinct influence 
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white, spongy and filled wit11 sap. In a cross-section of the vein, the 
large cells, 150 to 250 microns across, are seen to be almost round. Between 
them there are regularly triangular intercellular spaces (Figure 12 G). 
In longisection tlre cells appear bricksl~aped and are two to four times 
as long as broad (Figure 12 B). Except for a thin layer of protoplasm 
aror~ntl the walls, tlley contain on11 a a atery sap. 

C 

Roum 13. ANATOMY OF TEE MIDRIB 
H. Longisection of the xylem elements. I. Crass-sectipn of an internal phloem area. 
3. Cross-section of an external phloem area. K. Longisection of phloem. L. Cross- 
section of xylem. M. Cmsssectian of endodermis. N. Longisection of endodermis 

(all drown with the aid of a oamera lidida). 
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Endodermis 

The cortex is separated inwardly from the pericycle by a single layer 
of cells, the endodermis. In many plants the cells of the endodermistare 
very distinct and differ in size, shape, and other cl~aracteristics from 
the surrounding cells. In the vein of the tobacco leaf, however, the>- 
differ tittle from the cells about them and they are not readily distinguished 
by position, regularity, shape or size, so that their classification as. a . d' lstlnct . tissue seems almost superfludus. They may be located in crosa- 
section by the fairly abundant starch grains they ~ n t a i n  (Figure 13 M), 
and in longisection by tlre presence of their ahuttlng wall* of striations, 
known as Casparian strips. 

Xylem 

The xylem, water conducting tissue, occupies the center of the vascular 
bundle. In cross-section, the water tubes, i.rac11eae and trachieds, 
appear as radiating rows of large, round or somewhat angular, t,l~ick- 
walled cells (Figure 13 L and Figure 14). There are one or two rows 
of tubes in each ray. They are 20 to 65 microns across and the walls 
are about 3 microns thick. The number in each row varies naturally 
with the size of the vein. Figure 13 L represents the condition about 
half way between tip and butt of a mature leaf. 

F~OURE 14. Enlarged section of the xylem. Shows rows of xylem 
tnbes with xylem parenchyma cells betwcen them. 

Between the rows of tubes are rays composed of one to threc rows 
of thiFtvalled parenchyma cells. The xylen~ parenchyma cells contain 
large nuclei, protoplasm and many leucoplastids. They are shown in 
longisection in Figure 13 11. The xylem tubes are of two kinds, tracheae 
and tracheids, the former being long, cootinnous tubes like water pipes, 
while the latter are shorter and have diagonal or blunt ends (Figure 13 EI). 
The walls of all of the xylem tubes have regular thickenings on the inside 
which reinforce them and keep them from collapsing, while the thin 
parts between the thickenings permit water and dissolved salts to pass 
more easily from cell to cell. The tl~ickenings on the tracheae are either 
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in tlie form of rinp-like llre hoops aronnd a barrel except that they 
are on the inside--or in tlre form of a regular spiral, like a wire spring. 
The number of spirals varies from one to fonr or live around each tube. 
Tlre thickenin,mj on the traclreids may also be rings or spirals, usually 
with frequent. anastornosing cross members. Whm the cross members 
are numerons it makes llre wall appear reticulate. More commonly, 
hon-e\-er, the walls are completely tl~ickened except for small dots or 
slits \x.l~iclr appear transparent nnder tlre microscope. Tlririner borders 
to the slits gi\-e t,lre bordered pit effect sl~own in some of tlre iraclreids 
in Firmre 13 H. 

w 

The xylem tubes are 11ollow and contain no nuclei or proloplasm. 

Cambium 

Just outside tile xylem on the convex (lower) side of the vascular bundle 
are se\-era1 layers of thin-walled, very regular, brick-shaped cells, which 
constitute tlre cambirlln (Figure 13 J and li). They are filled wit.11 proto- 
plasm and 11ax-e large nuclei. While the leaf is growing and expanding, 
these cells divide repeatedly and the dariglrter cells wl~ich split oll' on 
the inslde are transformed into xylem elements. Tl~ose that split off 
on the outer (lower) side are transformed into plrloem and pnricyclc cells. 

Phloem 
The phloem is the tissue that serves for transport of food, wlricl~ has 

heen elaborated in the leaf, to  other parls of the plant. In the tobacco 
leaf, we distinguish two kinds of phloem which differ only in position 
and origin but are identical in function and in t,l~e morpliology of t.l~e 
elements that  compose them. The pl~loem arras just outside the cambinm 
on the convex (lower) side of the vascular bundle are called exl.ernal, 
while th! isolated areas on the concave side, not contiguous to any cambium 
but ent~rely surrounded 11y pericycle cells, are the so-called internal 
phloem. An internal phloem area is shown in cross-section in Figure 13 I 
and an external area in Figure 13 J. 

Regardless of position, the pliloem is composed of sieve tubes, companion 
cells and some phloem parenchyma cells. The latter are irregular in 
occclrrence and position and are no different from tire xylem parenchyma 
cells: All plrloem groups studied have regularly about an equal number 
of sieve tubes and con~panion cells. Altliougl~ both kinds of cells are 
irregular in shape and size, the companion cells are always smaller in 
diameter than the sieve tubes. The companion cells may also be qnickly 
detected by their coarse, prarrular, deeply staining protoplasmic contents, 
and by t,heir large nuclei nsually elongated in the direction of the long 
axis of the cells (Figure 13 K). 

r 1 I lie sieve tubes are usually somewhat irreplarly polygonal in cross- 
section, larger than the companion ~611s and rather irregularly arranged 
in the phloem, bat each sieve tube is always contiguous to a t  least one 
companion cell. They are also not uniform in lengbh but usually not 
less than 10 times as long as broad. The continuous tube is formed of 
many cells set end on end. The abutting end-walls are the so-called 
sicve plates which are perforated with numerous minute pores arranged 
like thc lloles of a sieve or a l~ousel~old colander. These sieve plates 
wit11 their numerous perforations characteristic of the sieve tubes may 
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best be seen in stained cross-sections (Figure 13 I). The plates are nsually 
not a t  right angles will1 the side walls, but are somewhat tilted and 
frequently curved upward or downward a t  the center. The only cell 
content is a narrowed strand of protoplasm that  stretches from one sieve 
plate to the next through the center of the lumen (Figure 13 K). This 
protoplasmic strand widens out to the entire diameter of the lumen a t  
the plates as shown in the figure. In favorably stained sections, t,he 
strand as i t  leaves the plate appears tp be composed of numerons parallel 
fibers, as if there were a fher passing througll each hole, and these unite 
in the center of the cell t o  form the strand. There is no nucleus in tlre 
cell. Frerluently, however, there is a dark-staining mass of material in 
this strand, a t  or near the plate, which may be a disintegrated nuclens 
or the so-called slime plug. The protoplasm of the strand is otlrerwise 
very fine and uniform without granules or plastids of any liind. Tlie 
appearance of the phloem elements in longisection is shown in Figure 13 K, 
and in cross-section in Figures 13 I and 13 J. 

Derievole 1 .  

Tlie tissne nhicli is outside the pl~loem or between the phloem areas 
but inside (Ire endodermis is the pericycle. There are essentially two 
classes of cells in t,he pericycle. The part of tlie pericycle nearest the 
cambirrm is composed of short parenchyma cells, like the parenchyma 
of tlre xylem ancl phloem. Also they form a part. of the ont.er pericycle. 
T11e ot l~er  class of pericycle cells are mnch longer and with more pointed, 

- 
Flcon~ 15. Photomicrograph of cross-section of vascular bundle. Shows 
the tlrick-walled pericyclo cell in a scmi-circle of darkened areas at bottom 

of vasc~~lar bundle. 

o\-erlapping ends. The walls of these cells are more or less thickened. 
They are especially prominent in somewhat regularly spaced groups 
outside the pliloem and just inside the endodermis where the walls become 
extremely tlrick (Figures 13 and 15). They probably serve as bast fibers 
for strength and rigidity and may protect thc more delicate phloem areas 
adjacent to them. 
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TOBACCO DISEASES IN 1936 

P. J. AN~ERSOX 

Although no systematic survey of the tobacco growing section of 
Connecticut was undertaken in 1936, the writer is thoroughly conversant 
with the situation. The staff of the Tobacco Experiment Station is in 
constant touch with the growers. Througlrout the season we have made 
frequent trips to all parts of the tobacco section, have talked with maug- 
growers on their farms and during visits to the Station and believe, there- 
fore, that during such a year as we have had, a detailed census of diseases 
would represent wasted time and would add nothing of real value to 
the farmers. Compared with other years, the crop here has been remark- 
ably free from disease. Some of them have not been seen a t  all and others 
only in very small amount. The season as a whole has been quite favorable 
to growth of the crop, perhaps a little too dry for the spread of disease. 
The early part of the season (June), however, was unusually cool and 
caused slow growth and some root trouble. 

Observations and Notes on Prevalence of Diseases 

Pythium damping-off i n  seed-bed (Pylhium debaryanum). .4 
very few cases were observed hut i t  was not prevalent. 

Bed rot  on older plants in the beds (Rhizoctonia). A few cases of 
this trouble are noted every year but this year there were fewer than 
usual. The cases observed were not extensive enough to cause serious 
loss. 

Wildfire (Bacterium tabacum) was found in only three seed-beds 
and in four fields. In one of the fields the farmer pulled up all plants 
and set new ones from a bed not infected. This disease did not appear 
again. Total loss to ihe crop in the \'alley as a whole was negligible. 

A wildfire r e s i ~ t a n t  strain of tobacco. During the years when 
wildfire was a very serious disease hero--10 or 15 years ag-the writer 
spent a great deal of time and effort in trying to Gnd or develop a single 
plant or strain that showed any resistance to this disease. All efforts, 
however, were without success. Other American investigators liewise 
failed to bring to light any hopeful sign of resistance in American varieties 
of tobacco. In 1929, however, articles began to appear in the Gcnuan 
newspapers and journals in regard to a strain of German tohacco 
(Amesfoorter) which was claimed to be resistant., the claim being supported 
by data on scientifically conducted experiments. 

The writer secured a sample of see'd of the resistant strain from the 
Tabakforschun,gsinstilul jiir doa Deufsclre Reich a t  Forchheim bei Icarls- 
ruhe through the courtesy of the Director, Dr. J. Koenig. This was 
planted in the greenhouse a t  \I1indsor and the seedlings transferred to 
pots. When they were six to eight inches high, they were inoculated 
with a pure culture of the wildfire organism. 4 t  the same time, other 
plants of our Broadleaf variety were inoculated. All pots were kept, for 
about a week in a large glass chamber to give favorable moisture cond~l~ons 
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for infection. All developed typical and numerous wildfire spots and 
there appeared to be no differences in severity of infection between the 
Broadleaf and Amesfoorter. No tests were tried in the field. 

Blackfire (Bacterium angulatum). This disease was observed o m -  
sionally but was not causing measurable loss. 

Frenching. This is a rare disease in Connecticut but occasionally 
we fmd a small affected spot in a fibld. Invariably such spots have a 
high soil reaction (above 6pH), but in bther respects, soil tests show no 
consistent differences between afl'ected and normal parts of the same 
field. For the f is t  time in onr erperience, we found this year a case of 
frenching in the seed-beds. Tlie plot where this bed was located had 
previously been used as a chicken yard. Soil tests showed the high reaction 
(over 6pll) and a high degree of fertility with respect to calcium, pol.ash 
and magnesia, but a low content of nitrate or amrnonia nitrogen. Some 
of the alkctecl plants were set in pots, others in the field. All quickly 
recovered and developed into normal, mature plants. 

Rlnck Rootrot (Tihielavia basicola). Black rootrot was not observed 
in the seed-beds this year. During the early part of the season, which 
was marked by lower temperatures than usual, it was ohserved in fields 
of all three types of tobacco, causing slow growth and stunting of the 
plants. During the hot weather of July and August, however, these 
fields recovered and made what appeared to be a normal growtll. Mrhetl~er 
the early infection resulted in any ultimate depreciation in yield or quality 
could not be determined. 

&own Rootrot. The occurrence of brown rootrot in a few fields 
in 1936 could he readily explained. The fields bad been previously used 
for cereals which predispose the soils to tliis trouble when tobacco is 
set here. Most of these did not make a full recovery later in the season 
and the depreciation in yield and quality was sufficient to wipe out all 
expected profit. In the case of the sl~ade fields, it caused considerable 
net losses. Fortunately, this season bhcre were only a few, relatively 
small fields where tobacco was planted following such cereals. 

4lOsaic (Virus). This trouhle can he found every year and' usually 
on every farm, but the net loss is usually quite small and the disease 
is not considered a.major trouble by most growers. Occasionally a field 
is found where the infection becomes general early in the season, resulting 
in serious loss. No such fields were heard of this year, and on the whole 
the disease was less prevalent than usual. The Broadleaf variety usually 
suffers ~ o s t  and the shade variety least. In 1936, however, there was 
more than the usual amount of mosaic in some fields of shade tobacco. 
Origin of such infestations was not determined. 

At various times the writer bas attempted to calculate or estimate 
the actual percentage loss of the whole crop from mosaic, but such estimates 
are so complicated by the differences in severity on different farms, and 
by guesses on actual loss when infection occurs a t  different stages of 
growth, that the resultant figures are of questionable value. Probably 
the loss is never as heavy as 1 percent of the entire crop, although on 
certain farms in certain years it is much higher. 



c-
 

g
u
 P
E
'
 

5
 

;a
%

 
%

 
* 

g
z
.
?
 - 

ZE
; 

0
0
3
;
.
 

g
c
 

*
F

a
&

 
3
 
- 

-
w
 

I 
?
r?

 k
?*

$ w
s

 
--

. 
q

g
o

m
 

;e
. 

e
m

s
z

 2
 

8 
g 

w
c

 
3
 
2.

 
E

@
m

&
 

S
n

 
zs

 
g.

$'
gg

. 2 
5

 
0
 

5::" 
0
.
 

O
O
C
.
 

S
P

 
G
*
 

- 
E 

c
 

*
z

 
%

$
 -

 
5

."
F

: 
z 

__
 

K
q

 
z

w
 z=

. 
g
s
C
-
 

5;
 

Xc
g 

--
.,
o 

'
4

 
- 

- 
- .

, 
- 

r
 
$
X
 

z
.5

 
P

.%
o 

5
 

g
Y

 
- 

=
5
'
2
3
 

- 
0
 

-. 
-

3
5

.
0

 
LD

g 
3
5
 
- 

L
,c

 
=
w
z
 5 

2
9

 
C
E
 
0
3
-
5
 

,
m
 

~7
 

c
z
.
3
 
;
 8 

c
F

 
-
Z

-
.
o

m
 

c
o

 
p

 
0
%
-
 a 

-.
- 

3
"
 

-
-
.
C
 

2 
g,
 

w
3

m
 
=

- 
"
g
 

g.
7:

s 
s

c
 

F
 

3
 
0
 

. 
=

-w
 

0
9
 
-. 

3
 

g
z

&
- 

g:
 

;
a
 

3
 

Z
C
K
 - - 
?

k
 

2.
" 
c
 

5
 

5
.
3
 

5
 
r

e
 

?
 w

 
a9

 
g

z
r

 
o
 

K
' 

&
 

u
a
 

0
 

5.
5,
 

?
2

Z
 

- - 
..-

 *
 

a; 
a; 

gs
.c

 - 



112 Cor~neclicul Exprrimenl Slalion Bulletin 391 

the excessively hot weather of July, when the temperature approached 
100' F. for several days, many of the tender younger leaves were scorched. 
The wilted parts of the leaves hung limp and did not recover even when 
water was added (Figure 17). Such injury was confined to the more 
sandy parts of the farms where the leaves were wilted. Large areas'on 
these leaves turned black and after several days bleached out, leaving 
the foliage distorted, torn and \rorthless (Figure 18). 

F~cunrr 18. Sunburn. The burned areas bleachcd ou t  calls 
ing dialortion of the leaves \ 

Pole rot (Allernaria lenuis and other fungi). Crops that were harvested 
early cured without much pole rot. Late harvested crops, however, were 
in a dangerous stage during a considerable period of damp weather and 
there has been some damage. The extent of such damage cannot be 
determined until the tobacco is sorted. 

Studies On Pole Rot. 11. Vcin-rot 

The first of a series of articles on this disease was published in our 
report for 1935'. This second article is a coutiuuation of the first, and 
the reader is referred to the former publication for a general statement 
of the situation and review of previous work. As stated in 1935, the 
first objective of these studies is to make a thorougl~ investigation of 
all fungi or other organisms found on afiected leaves that might have a 
connection with the trouble. The term "pole rot" is a general inclusive 
name applied to what is probably a group of diseases caused hy different 

-1 sbodica on pole Rot. I. Cono. Am. Erp. SL~. Bul. 386: 600407. July. 1936. 
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organisms and exhibiting different symptoms. The only common char- 
acteristic is that they all cause a decay of the leaves during t!~e curing 
period in the shed. On the hasis of symptoms, the writer dist~ng+shed 
three kinds of pole rot: (1) freckle rot, (2) web rot, and (3) veln rot. 
The previous article dealt only wit11 the freckle rot type which was found 
to be caused by the invasion of fungus, Allernaria lenuis, into tl!e tissues 
of the leaf blade. In this second article, he begins considerat~on of the 
type which has been designated as vCIn rot, popularly known also as 
" stem rot". 

I - - I 

Frourn 19. Polo rot. Vein-rot type on cured tohscco led. 

As its name indicates, this malady alfects the veins of the leaf, being 
oer lateral fonnd most often on the midyein, but sometimes on t l ~ e  lac, 

veins as well. During the curlng process, tlm veins remain alive longer 
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than any other part of the leaf. The large midrib especially retains con- 
s~derahle moisture for several weeks, and after its cells are weakened 
and begin to die, its moist, soft condition makes i t  a favorable subject 
of attack for various fungi. Often these fungi grow on the midrib \vitl~out 
causlng,any permanent damage, especially if the latter part of t l ~ e  curing 
season is not. too prolonged and the midrib dries out quickly. Under 
less favorable curinp conditio~ls, however, the rot continues r~ntil tlle 
veln 1s soft and decayed and t l ~ e  blade splits away from i t  ~vlren one 
attempts to O I ) P ~ I  tlte leaf (Figure 19). Frequently the tissr~es adjacent 

Flcun~  20. Early stage of vein-rot. Wlrite 
strenks of Altrrnaria mycelium on the surface 

of the midrih. 

t o  the midvein are also rotted. One may watcl~ the progress of tlre disease 
in the curing s l ~ d .  The first symptoms appear after the veins have lost 
their green color and have turned to a straw yellow a i d  often after t l ~ e  
blade of the leaf is cured. Darker streaks or pat,clres, usually some\rhat 
sunken, appear on onc or hot11 surfaces of the vein. Soon white, felt-like 
tufts of mycelium grow out from the centers of these darker streaks or 
entirely cover them (See Figure 20). As t l ~ e  disease progresses, the white 
tufts become black, gray, pink or other colors, dependinp on ~vliich species 
of fungus is present. ]luring the present year, the nriter fouid species 
of Alternaria, notrytis, Fusarium, Cladosporium and other unidentified 
genera on affected leaves. I t  is not cert.ai11 that all of these cause damage. 

Alternaria, t h e  common fungus  this year. 'l'l~e most common 
one found this seasou was iillerntrria lennis. 'rl~erefore an intensive 
stud)- was made of this species and tlre type of damage w11icI1 it caosed. 
The type of vein-rot described below is that caused by Alternaria alone. 
Tliase c a t ~ s d  by Botrytis and other fungi are reserved for future articles. 
T l ~ e  white tufts of mycelium of tlre Alterl~aria gradually turn to gray 
and soon afterward to black due to development of spores on tlle surface. 
These spores were studied arid n~easfied, and iound to be tlie same as 
we have ~reviouslv descrihed for Allerurtu tenuis'. 

Isolations. Numerous isolations were made from the interior tiss!res 
of tlre midvein: (1) directly under the tufts; (2) on the opposite side 
of tlre rib; and (0) from llie edges of the sunken lesiolls where there were 
no surface tufts. FVilll t l ~ e  except,ion of a few that were on the extreme 
edge of the lesions, all of these tissue transfen gave pure ~ u l t u r e ~ , o f  
Alternaria. 'J'l~ere cart he no doubt, therefore, that the mq-cel!um w h ~ r h  
can be seen ill the interior of these lesions is that of Allerr~arlu lenu~r. 
Bacteria were not present in the younger lesions. Irr thoroughly rotted 
veins, liowcver, hacteria and oI11er fungi were sometimes found. 

Inoculntion experiments. In order to prove conclusive1)- that  tlris 
particular species of f r ~ n g ~ ~ s  is the cause of this type of pole rot, it 1s 
necessary to inocolate c r ~ r i n ~  leaves with pure cultur!s of the fu~lgus 
and produce the disease on the veins. T o  isolate Allernana m puFe culture 
from tdre interior of the vein is a simple and easy operation; but to moctllale 
leaves in the shed under natural conditions and produce the malady 
without the complications of other fungi u-llose spores are omnipresent 
on tlie curing tobacco, is not simple, and as ye1 the writer has found ilp 
satisfactory method of accomplisl~il~g this. However, the following expen- 
ment presents very strong evidence of patl~ogel~icity of the prganlsm, 
although admittedly subject to the objection t.hat the condit~ons were 
some\vIrat artificial. 

Midribs from half-cured tobacco were cut into sections about two 
incl~es long and sterilized ou the surface in three djffcrel~t~~ways: (1) by 
wasl~ing in alcohol and the11 in sterile water;. (2) c11pp111g in alc01101 and 
then burning the alcohol ofF; (3) steaming for three lo five minutes. They 
WPPP then nlarpd on a m r  nlates for several days lo see wl~ether there , . . - . . . -. . --- ~~0~~ . ~ ~ 

were still ant- organisms on them. Those i h a i  developed ally gro\\,tl~ 
on the agar, a11d thus sl~owed that they were not sterile, were discardetl. 
The third method was successful in sterilizing all, but o~rly ahotlt llalf 
tine O ~ I I P P S  7emained sterile. Tllose sectiorls thaL rernained slerllc nere " .... ~ - - ~ ~ .  ~ 

illen iransferred to sterilized test tubes~(nitl1out agar) and inoculated 
on the nncnt surface from pure cultures of Allernaria. Others \%,ere 
left rlninoculated as controls. 

Tlle fl~ngus quickly spread over the surface of the vein seg,me~~t and 
w i t l ~ i ~ ~  a week was found inside the tissues. In ten days the pleces were 
soft and rotten and within two weeks when examined under the microscope 
all tile cells except t,he central xylem tubes lrad disintegrated. The ent~re  
iliterior was filled with a dense tangle of lr)pi~ae. Tra~isfers from tlre 
interior gave pr~re coltures of Alternaria. Cnder these conditions, there- 
fore, tlriv organism is capable of causing a complete decay of the veln. 

i Srnrn~ n r d  rnymliarrn nrs ill,,atmtnl n n c ~  d c m i ~  in Conn. A-. Ero. Sts. Bul. 965% 132, snd Bul. 306: 606. 
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Penetration of t h e  epidermis. After the spores of the fungus 
germinate on the surface of the midrib, there are several avenues by which 
the gerrn tuhes might conceivably reach the interior of the vein. They 
could easily enter tllrongh the stomates which are found on all surfaces 
of the veius, allhough not so nnmerous as in the epidermis of the leaf 
weh. The opening of such stomates was found to be 20 b 30 microns 
long by 5 to 8 microns wide, when well opened. Since the germ tllbe 
is only 2 or 3 microns in diameter, i t  could easily pass in through these 
openings. It might also pass directly through the cells of the epidermis 
or througll the basal cells of the glandular hairs that are so numerous 
on the midribs. Another possibility would he injuries which are inevitable 
during the harvesting process. 

In an at,tempt to determine how penetration occurs, the following 
experiment was carried out: A strip of epidermis removed from a leaf 
was used to cover a thin block of ~ o t a t o  dextrose aear on a elass micrn- .. ~~ - 
scopic slide. A small drop of water containing hiternaria spores was 
transferred with a loop to the surface of the epidermis and the slide placed 
in a moist chamber. Microscopic examination a t  intervals for the ncxt 
36 hours revealed that the spores began to germinate within two hours, 
sending out 1 to 4, germ tuhes which branched and grew rapidly over 
the surface of the epidermis. The stomates were mostly tightly dosed 
and t l~e  germ tubes passed directly over tliem. In some instances, however, 
the germ tubes were found passing through the more open stomates, 
obviously to reach the nutrient agar below. 

Tisdale and Wadkins' working with a species of Alternaria that was 
probably the same as Allernaria tennis found that in ~roducine lhe 

v 

leaf spot of tobacco which they were investigating, the germ tubes nsually 
passed through the stomates hut sometimes directly through the e~iderlnal - 
cells or through the basal cells of the hairs. 

Mycelinm inside the  tissues of t h e  midrih. Progress of the 
mycelium of the fungus through the tissues of the m e b s  ?as studied 
by free-hand razor sections and by stained microtone sect~ons.' All 
parts of the midrib down to the contra1 arch of xylem elements were 
found to he invaded and in one place the mycelium was penetrating the 
medullary rays between the xylem groups. Ultimately it destroys all 
the cells of the vein except the xylem tubes but it had not yet progressed 
to that stage in the material studied. The hgphae pass both between 
the cells and through them. They were found in the epidermal cells, 
including the guard cells of the stomates and the cells of the glandular 
hairs, in the colleuchyma cells just beneath the epidermis, in the corlex 
cells, endodermis, thick-walled and thin-walled cells of the pericycle, 
in the phloem and cambium. The hflllae are most abundant and seem 
to grow most luxuriantly in the cortex; causing these cells to collapse 
and fall together, but in the early stages the walls remain intact. The 
other cells, having thicker, stiIfer walls, keep their shape much longer 
withont collapsing. (See Figure 21 A). As thc Il?-pl~ae advance into 

I Tidale. W. B.. and R. F. WadLios. Bmwn spot or tobana ooused by Allernaria longipa. Ph* 
pntb. 21: 611-660. 1931. 

the deeper tissues, they first push between the cells. In doing so they 
utilize the intercellular spaces hnt they are also able to force their way 
between cells where there are no intercellular spaces, probably by e o l v l u g  
the middle lamella. In a trans-section, the hjpllae appear Imbedded 
in the walls, causing the walls on either side to bulge Inward Into the 
lumina of the cells. (See Figure 21). But soon hyphae pass. drrectly 
into and through the lumina of the cel 1 s (F~gure 21 A) beeormng v e q  
much constricted at the points where hey pass through !he walls from 
one cell to the next. The hyphae are very xregular m +ametef, vq- 
ing from 1.5 microns up to 15 microns (usually 3 to 7 m~crons), In shape 
and direction, often forming the large subglohose cells that we hare 
described in previous reports. The hwl~ae  are l~yalipe but f?led with dense 
granular protoplasm that stains deeply with the var~ous s51ns used. The 
cells of the host contain very little protoplasm at this t ~ m e  and no study 
was made of t.he erect of the invasion on the cell contents. 

F , G , ~ E  21. \lyce[illm of Aitmnaria in the tirruez nf the midrib. 
. I" the plnloe~n mml ium. R. I n  thr n~llnpqe~l cellr of 

the mrtex. 

The hyphae continue to branch and spread until the tissues are filled 
with them. As stated above, in the early stages of invasion the cell walls 
of the host remain intact except where split apart by the hyphae passing 
between them. As the mycelium in the tis:ue becomes more concentr?ted, 
however, the walls begin to swell (gelatinize) untll they .are maqy t~mes 
their original thickness. Numerous lamina become ws~ble dunng this 
process and the swollen wall subrtance becomes more and more rar~fied, 
taking thestain ever less deeply. Thic di~integratinn proceca, or gelatmrza- 
tion, continues nntil all the tissue is reduced to a, tI!in, formless mass 
of slime in which the dense, tangled weft of hyphae is imbedded. 
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BROADLEAF FERTILIZER EXPERIMENTS 

J. S. OU'ENS' 
Until the initiation of this series of experiments in 1930, the then recent 

studies of the fertilization of stalk tobacco were confi~lwl alruost entirelj- 
to the Havana type and were conducted a t  the Tobacco Substation a t  
Winclsor. Tire stndies with Havana suggested several rather definite 
conclusions winch were accepted by many growers of that type. \Yhile 
it was reasonable to assume that similar results would have been secured 
had Broadleaf tobacco been u w l  and the experiments located in the 
heart of the Broadleaf district, it seemed best to test these assumptions 
by field trials. 

The importance of sources and the quantity of potash required to 
grow gootl crops seemed so well established that no variations were made 
in the potash treatments. The amounts and sources used were intendetl 
to be suficient for normal requirements. 

In the case of nitrogen, whicl~ makes up a large part of the cost of 
tobacco fertilization, four lreatmelttv were plannedwith inrportaut relation- 
ships to economy. Two of these were to compare the relative merits, 
about which there lras been much debate, of large proportions of cottonseed 
meal y d  castor pomace. Another coucernetl the use of urea, a lower 
cost n~bropen carrier which had just become an importar~t commercial 
source. The fourth employed 150 pounds of nitrogen per acre, instead 
of the usual 200, s~crlred from a mixture of materials commonly used. 

Trials a t  Windsor seemed to leave no doubt that more pliosphorus 
is used on land which has been in tobacco for some time than is needed 
to raise Havana. In fact, the quantity of pl~osphorus furnished with 
the organic mat.erials generally used to supply nitrogen appeared to be 
sufiicient on soils in wllich there was a large accumulated reserve. 

Form quantities were applied in these tests. They varied from that 
supplied by cottouseed meal alone (50 pounds phosphoric acid per acre) 
to an amount (300 pounds per acre) far in excess of that used even wit11 
liberal fertilization. < 

The fist series of plots was laid out on the farm of darry N. Farnhanr, 
East Windsor Ilill, in the spring of 1930. The field proved to vary too 
much in soil characteristics for valuable experimentation. The growth 
was erratic and did not sllow co~tsistent response to the treatments. Root 
rot infestation added to the irregularities. Hail destroyed the crop near 
harvest time and neither yields nor valrlable observations were RPPIIPPCI  . . -- - ----- 

J he fpllowinp spring, d ~ c  experiment was transferred to a seemingly 
more uniform piece of land on the farm of Frank Roberts. East J-lartforrl. 
'lhe same fertilizer treatments were applied and crops harvested on the 
same plots in 1931, 1932, 1933, 1934 and 1936. 

The field is almost level, the soil a Hartford sandy loam and considered 
by the owner to be uniformly goal tobacco land. I t  had been in Broadleaf 
tobacco for many y e a  before t,l~is experiment was started. It does not 
erode badly from either wind or water. During the experimental period 
a cover crop of barley was sown each year and plowed under about a 
month before setting the tobacco. The barley was a good prot,ection 
from erosion but did not grow as large as it does on soils which holcl 
moisture better. 

' Prof-r of Agmnomr, Exteluion Service. Conorrtiott State Collogc. S~orrs. Conn. 

The Lreatments and results for 1931 and 1932 have been reporfed 
previously' but will be summarized here. The plots, each one-t\~entieth 
acre in size, were arranged in t.llree series. Hence, the same fertilizer 
treatmeltt was repeated on three separate plnts. 'rhp low nitroan apllltca- 
tions started in 1932 were an exception, there being only two ad~a(.e1lt 
plots at the east side of the field. 

The plots \rith cottonseed meal as t? clrief source of nitrogen received 
the follo\vil~g: 

NutrienuI wr Aors 
Mstcviols p r  Acre pounds N PIOO K10 M@ 

160 Co3d meal 2,425 72  48 2 . L  

Nitrate of potash 295 40 130 

Sulfate of potash 4,i 22 

Prccipated h u e  72 28 

Mngnwiiln limmtone 70 1.t 
-- - - 

2,907 200 lOn 200 38 
Total - 
-~ 

The high castor pomare plots were different only in that 3,200 pounds 
of castor pomace were rised in place of cottonseed meal to sllpply the 160 
nonnds of nitrogen, tlie remaining 40 pounds ol nitrogen bemg supplied 
by the nitrate of potash. 

'nre olher nitrogen sonrce plots included 220 pounds of urea to sqpply 
100 pounds of nitrogen or one-half of all tlre nitrogen. The rema~nder 
was supplied by cottonseed meal, 1,515 pounds per acre. 

'I'he low nitrogen formula and approximate uutriel~t content were as - -- ~ 

follows: 
-- ~ u e i e n t s  P" Acm 

Materids PV ham Pounds N I>*Oa KzO M l c )  

1.300 86 39 26 13 Cottonseed meal - -- 
Urea ,a 35 

240 32 105 Nitrate of pota~h 
Sulfate of potash 150 7.2 

70 23 Hydrated lime 
Precipated bone 160 64 

*< - 

Total 1,995 153 103 205 as - 
The ptrosphorus in each of the nitrogen test plots was kept at the 

uniform rate of 100 pounds phosphoric acid per acre and the potash a t  
200 pounds potash. 

In the pllospllorus series the plots with tire lowest quant i t~  ofpl~os~llorus 
received the following: -- - N","P"ta pe. .\om 

Mnkrials wc A m  Pounds X PO6 K?O 3rd) 

Cottonseed meal 1,740 114 50 35 17 

Urea 100 46 

Nitrate of potash 295 40 130 

Sulfate of potash 72 35 

hlq~n-ian lirnostonc 100 20 

Tots1 2.30i 200 50 2M) 37 
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smaller ones are consistent with the averages. Tlie only appreciable 
change in the grade index was for the 200 pounds of phospl~oric acid. 
Tllere are no indications that the 300-pound treatment was superior 
to the 200-pound and possibly not LO the 100-pound. 

I t  now seems probable that the high acidity which existed throngltout 
the experimer~t was a disturbing factor, affecting the availability of the 
phosphorus in particular. A scarcity of calciun~ would cause the phos- 
pliorns to combine with iron and aluminum, making relatively insoluble 
compounds. 

Lime was not applied a t  the beginning, even though the reaction was 
only pH 4.4, because good crops were being grown. Soil samples taken 
from individual plots in the spring of 1932 showed a considerable decrease 
in acidi1.y. The reactions varied from pH 4.6 to pH 5.2 wit11 most of 
them around pH 5.0 and,no apparent correlation to the trea1.ments. In 
tlre spring of 1936 the ac~dity was higher again, pH 4.5 to pH 4.8, but 
tlre nitrate nitrogen was high a t  the time of sampling, making the acidity 
temporarily very high. 

As might be expected with a coarse textured soil cultivated freauentlr. 
the organic matter content was low, around 3 to 4 percent, and an $crease 
of nhout .3  percent from 1932 to 1936. 

Canelusion 

Cottonseed meal and castor pomace were about equally satisfactory 
when each was used as the source of four-fifths of the nitrogen applied 
to Broadleaf tobacco. Tlie slight difference in yield was in favor of llle 
castor pomace. 

JZ fertilizer mixture containing urea to supply one-half of the nitrogen 
and the balance from cottonseed meal gave yields o ~ l y  a little lower 
than the Ilig11 castor pomace mixture and only a slight tiecrease in grade 
index. These good results seem to indicate that nrea can he used to 
supply one-l~alf of the nitrogen, a practice that wiK usually mean an 
appreciahlr saving. 

The mixture supplying 150 pounds of rlitrogen per acre gave practically 
the same results as a similar mixture wlrich supplied 200 pounds. This 
cannot be interpreted as being applicable for all soils. Those which are 
coarse in texture and whiclr do not retain moisture may need more nitrogen 
or a t  least supplemental applications during the growing season. 

Under the conditions of this experiment, 50 pounds of phosphoric 
acid per acre w!re not sofficient. There is so little increase in yields for 
heavier applications tlrat it is probable that with less acidity the 50-pound 
or 100-pound application of phosphoric acid would have been snfficient. 
Many fields used for Broadleaf have less acid~ty and more reserve ~110s- 
phorus tllan this me, conserjuently they do not nked more than 100 pdnnds 
of pl~osphoric acid per acre. 

Finally and probably most important of all, this series of tests shows 
no serious contradictions to the more ~xha~isbivn experiments with Havana 
a t  Windsor. Thus Broadleaf growers may safely use resrllts from the 
fertilizer tests a t  Windsor as a basis for their own practices. 

Broadleaf Ferlilizer Erperinients 


