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IRRIGATION

Tigune 1. Water flows to the upper end of the row through a four-inch hose.

Figurge 2. Small dams in the row prevent the whole volume of water from
flowing rapidly to the lower end of the ficld, thus giving an
even distribution along the row.

TOBACCO SUBSTATION AT WINDSOR

THIS, THE FIFTEENTIT annual report of the Tobacco Substation,
records Lhe progress of investigations on fertilizalion, cultural operations
and control of insects and diseases of the tobacco crop. Two types of
investigations are always in progress at this Station. The first comprises
empirical tests with exact measurements of results which are immediately
applicable in commercial practice. Such, {or instance, are the lests
of different insecticides for the control of llea heetles as recorded in this
bulletin. The second Lype includes more fundamental studies, the results
of which are usually not directly applicable to commercial tobaceo growing
but are necessary for an understanding and intelligent conduct of the
more practical lests of the first type. Into this group come the studies
on the anatomy of the tobacco leaf.

Most of our projects include both practical tests and fundamental
investigations. The latter are usually more time-consuming and perhaps
more important, although less is published 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-rounded program planned
for the improvement of Connecticut Valley tobacco.

One important addition to the research staft has been made at the
Tobacco Substation during the year. Due to the increasing seriousness
of some of the insect pests of tobacco, particularly flea beetles, thrips
and wire worms, the United States Department of Agriculture through
the Bureau of Entomology and Plant Quarantine assigned a full time
entomologist Lo this section, Mr. Austin W. Morrill, Jr., who started
work on July 1. He has permanent quarters at the Substation and is
coOperating with the staff entomologist, Mr. Donald S. Lacroix, who
is located at Windsor only during the summer. This codperation has
been very satisfactory in speeding up the development of coutrol methods,
particularly for flea beetles. The resulls of their joint investigations
for 1936 are summarized later in this report.

It will be noted that less space than usual is devoted to fertilizer
experiments. This is partly because the stafl is spending more time on
other lines of investigation, and also becanse there is in process of prepara-
tion a special bulletin on nitrogen fertilization of tobacco. The new
bulletin will review the results of nitrogen experiments that have occupied
the major place on our farm during the last few years, and bring together
under one cover the results of all previous experimenls dealing with fertilizer
nitrogen for tobacco. Since we hope to have it completed and ready
for publication in 1937, it seems unnecessary to devole much space Lo
the subject here.

In the following pages, we discuss for the first time the subject of
irrigation of tobacco, a practice which has many proponents and some
opponents among the practical growers. For a number of years, whenever
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eason was sufliciently dry, experiments on irrigation have been
ct:}cl)fxdflcted at the Substation. Until 1936, the results were somewhat
disappointing and contradictory and could not be fully explained. There-
fore nothing was published. The experiments 1n 1936 explain the previous
poor results and indicate a method of avoiding them.

The rainfall for May, June and July, 1936, was below normal. However,
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
own crop as well as that of most growers in the Valley was of good quality
and heavy yield. The dry weather durmg..]u!y pecqsmtated one irrigation.
Additional water was applied on the special irrigation plots.

Taprr 1. DistaeuTion OF RAINFALL IN INCHES AT THE Topacco SUBSTATION,
Winpsor 1922-1936

By 10-day periods

' June July . Aupgust
Yeor May I \I T |« et
110 H20 2131 ¢ 10 | 1-20 | 2130 ) 110 | 1120 | 2181 110 -2
301 2.20 .21 l 870138 | 4.67|2.28 | 135 | 89, .85 3.60
Yoss 134 a5 etl2l0s | ez ‘ 172 177 | l0L | 324 \ Y
1094 1.4 1.35 91| .71 .o1! o0 ‘ o1 |zl B i 1
1925 .08 .73 1.55 | .49 ] 1.61 ’ 128 102 2T 37lis0s 8
105 43 166 .22 37| 10011139 ... 93 1.33, .26 273
1927 .83 .97 3.2¢40 .39,1.33| .56 .87 251 1.79 (257 1.7%
loz ... 60 170 162|157 | (97220 T4 1.08 188 3.18
1020 1.44 1.56 1.79 008 0.03 156|010 044 044 273 213
1030 043 2,01 2.04 | 238 | 073 0.62 | 0.93 0.69 1.010.63 ;.ig
1031 1.52 1.60 3.40 | 2.57 | 204 | 0.13 | 0.85 0.73 0.23 | 0.60 -3:'33
lo32 &7 .02 7o 2| 238 22108 73 218 130 2.3
1933 58 ... 1.00 19| 39 0B 33 L34 6. .9 B
1930 235 86 1.61% ... 318 .29 | L1z o208 51 129
1935 1.23 .15 .02 ’ P57 L4325 | 100 103 2005 | 16
1026 | 611 1.47 ... astz2 | 2l 25 azi203] .89 .03
- By months
Year May June Jaly Augist {total)
2 5.42 6.92 5.16 684
1053 233 3.84 5.02 250
1024 5.5 1.62 51 1.95
1025 236 338 5 00 3.55
1026 2.21 1.86 2.26 3.19
1927 5.04 2.28 2.17 ")'é]_
1928 2.30 416 4,92 7.3l
1929 4.7 1.67 ‘o8 £.5
1930 4.48 3.73 2.63 .;.33:
1931 6.52 4,74 1.84 3.7
1032 1.65 2.86 , 3.09 372
1933 1.58 1.96 2.43 .42
1934 4.82 3.47 3,20 3.45
1933 1.40 5.53 4.30 1‘.§9
1936 238 275 243 1.5
Av. 3.40 3.38 332 4.26

In the above table is shown the amount of rainfall by 10-day periods
during the growing season for tobacco and, for comparison, the rainfall
of the same periods during the previous 14 vears at this Station.
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EXPERIMENTS ON IRRIGATION

Growers and dealers are aware that the highest quality of tobacco
is grown on light, sandy land, provided the season is favorable. However,
when there is not sufficient rainfall during the summer, tobacco on this
type of soil suffers more than that on other types. Moreover, such soils
are not favorable in a very wet year because, with excessive rainfall, the
nitrogen leaches away more rapidly than on heavy soils and a starved,
yellow crop of light weight and poor quality results.

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 over 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 $300 to the acre
for outdoor tobacco and $500 to 8700 for shade. Therefore, he is prone
to cultivate the heavier soil where he feels more confident of getting a
crop every year although he knows it may not have a good color and
quality. During very dry seasons, even the tobacco on more favorable
soils suffers from drought.

In dry year crops, the leaves are shorter, thicker and darker. The
percentage of darks, tops and fillers is increased, with corresponding
decrease in the more profitable, better grades. There is also an impairment
in burn, taste and aroma. The buyer is not eager to purchase «nrh
crops and naturally the price offered is lower.

In view of the great losses in dry years, it is not surprising that at
various times and places in the Connecticut Valley growers have attempted
to irrigate the sullering crops. Every serious drought vyear is followed
by widespread installation of irrigation systems. Such a period is usuvally
succeeded by a series of wel years during which the svstems fall into
disrepair or are abandoned so that the next drought year finds the
grower as unprepared as before. Ile watches the sand grow drier and
drier, hoping every night that it will rain within the next 24 hours; he
delays from day to day and finally slarts to irrigate after the damage
is done. Some have abandoned irrigation because either they did not realize
any improvement in the crop or they believed that irrigation did more
harm than good.

The total result is that at present only a few of the farms are equipped
for irrigation. Some of them no longer use the apparatus they have.
There 1s 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 the experiment stations of New Iingland and very little from stations
in other tobacco sections.

Varions 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 perhaps
least of all, and is not practiced anywhere now. [t is expensive and the
poles used to sapport the pipes interfere with plowing and other coltural
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i v 1 tural rain and gives
jons. Although it most nearly (l_uphcat.es a nature nd gi
?l?grﬁélznjistribution of water, it is subject tf? lt&le objection that it might
leaf diseases that are present in the fie 1. )
Spli?]a(inlsst of the methods that have been tried, the We}ter lls br_c:lgfl}:;
to the high points of the field and}allowed to rulu{hé][i)\fl; 1;a “fitsl gpfn ::) 1 the
: i are
furrow between the rows. Since the rows a fittle more a
ivati 3 s such a natural pathway for .
each cultivation, there is always suc 1 o A
i i laken up by the roots as i ;
which soaks into the soil and is 1a 3 : o ELI
j istri z ormly as a sprinkler |
"This does not distribute the waler as umf r kier method
il i lge remains dry. But an even
hecause the soil in the top of the ridg ) & on distribu-
ion 1 [ because the roots grow laterally
tion is probably not necessary bec e b row el y s S
idity that those from plants in adjacent rows y by
It'?rlr)\ledtil;l}é tobacco is a foot high. These latlerais af)e at)]le to te(x)keé r];p g?ﬁ?if:é
' v * needs, as shown by the recove
water to supply the plants’ needs, as ] b e O e
ithi 5 fter irrigation. Unless the slop
leaves within a half-hour a : nless the slope of the land
is ntle, it is customary to build dams at int § ]
}]ﬁl:’lfglfgllxx'at.er will not run too rapidly to the lower end but will have
ime 10 soak down (Figure 2, page ()4)._ )
un’r}‘ei ioxzz?er(is dra(lwréllr from neighboring ponds or br90ks, usually ba)i
| t’ ic or gasoline-driven pumps, through either Jarge fire hose or met
D : l The latter may be a permanent system buried undqrgrouan or
;Ia)llr)neo.vable svstem of surface galvanized pipes wilh patented joinis where
the sections can be quickly attached or removed.

Plan of Experiment

i ious imiting i ducing a crop on
i -ater is obviously the limiting factor in pro 1
Elllnf:n(‘; E;rtlea dry season, it seems reasonable to expect a good crop !f
zllif;ﬁcient water can be supplied artificially at thtf: {l]]g'htht']mii ei}f? :;rlsert-:
ras planned to make a thorough test of this ypothesis t
E;ftr;tin“s?;tigtical data on the effect of irrigation on the y_leld angl qual_lty
gf leaf. Accordingly a field iest was laid oul in 1930 with the miention
i iinuing it each dry year. . )
o E‘?;ign\]ﬂgutl)gn 1the station farm was selected for this experiment hecaulse
the l~:-soil is most sandy (Merrimac sandy loam) and the effects 'lglf _(‘1r_0,ugl,vl1t
are always apparent there first and are more pronounced. Ins 18 ] ]le
tvoe of field which the grower would be most likely to irrigate. It }l]lflla y
Pirglds a light crop, but of excellent quality if the season Is just rig L
Y The plan of the test has varied somewhat from year 1o yea?d ut, én
eneral consists of laying oul similar plots, five to ten rows wide, side
lg)\-' side, and irrigating the alternate p]]o_ts asI oftentas theds?lssoer;t?ﬁ:z:
y require.  No definite time for applying the water, an
f)? irr?gel:'l\f;ls between applications, can be determm((lzd beforelllantc}ll,ea\i ;);;s
: i ffort was made to apply 7
must be guided by the season. An }(.3 ot o apply the water
; g t injury rather than to
before there was any serious drough : wvait unt
th impulse stopped. ater was
the shorlage was acute and the grow b e feld thaouet
jed from a hydrant, conducted to the higher en , |
?{l)ll}:rpili]nch fire hose and allowed to ﬂ_(l)wd s[owlytd_m:'n bflztv. vt;:!;etl;: eﬁo“t 2
i bove (Figure 1). Soil dams at intervals we 2
a:e\(rlgiir:;ggdra?)id ﬂovgf (Figure 2). The slope of the field is fairly uniform
];nd all in one direction. The quantity of water applied each time was
measured by a meter at the hydrant.
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Preliminary tests of 1930. During this yvear there were ten one-
fortieth acre plots, five of which were irrigated. During the latter half
of July it was very dry and hot. The tobacco wilted badly and stopped
growing. Water was applied on July 19, 23 and 27. The irrigated tobacco
recovered quickly; the leaves appeared larger and the growth excellent
in contrast with the non-irrigated plots. From the striking differences
noted in the field, one would judge that irrigation had greatly increased
the value of the tobacco. But whendhe cured leaves were graded and
weighed in the sorting shop, the amount of improvement was disappoint-
ingly small. The average increase in vield 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 henefit hardly paid for the
cost of irrigation.

Test of 1934. The next favorable opportunity for continuing the
test was in the very dry vear of 1934, During this season the field was
divided into a lower and an upper tier of plots so that there were irrigated
and non-irrigated plots at each end. In irrigating, however, the water
was turned into the rows at the upper end, and flowed first through the
upper tier, and then down over the lower tier. July was dry and hot:
walter was applied on the tenth, seventeenth and twenty-fonrth. Rains
started on the lwenty-sixth and no further irrigations were necessary.
The quantity of water applied at each irrigation was about equal to a
rainfall of 1.5 inches.

As in the previous experiment, the tobacco on the irrigated plots grew
and spread better; the leaves appeared larger and more luxuriant. During
the latter part of the month, however, the plants on the irrigated plots
appeared paler, and in the upper tier took on a yellowish cast indicative
of nitrogen starvalion. Soil tests also showed that the nitrates had
almost disappeared from the irrigated plots. All were harvested on

August 6. The sorting and vield records (average) of the plots on the
two tiers were:

Pounds per.acre Grade index
Upper tier, irrigated 1594 .100
- “ not irrigated 1701 .320
Lower tier, irrigated 1967 .392
“ “  not irrigated 1836 .350

At first glance the results appear to be contradictory since the lower
lier shows the reverse of the upper tier. On the upper part, the irrigated
tobacco was yellow, dead and not suitable for manufacture of cigars,
with all the symptoms of nitrogen-starved tobacco. Both the yield and
the grade index were far helow those on the non-irrigated plots, although
the tobacco on these latter plots was not very good, the leaves being
heavy, short and thick, but not dead or vellow. On the lower part of
the field there was good tobacco on both the irrizated and non-irrigated
plots, but both the yield and the grade index were superior on the irrigated
plots. The explanation of these apparently inconsistent results is probably
that the water carried-a part of the nitrates from the upper plots and

;l]eposited them in the lower end of the field. Thus a larger yield resulted
there.



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 irrigation by this method on this type of soil. This
and other soil tests and observations on irrigated tobacco showed that
irrigation on sandy land may easily do more harm than good if the factor
of leaching is disregarded. This suggested an explanation of the negative
results of previous irrigation tests. It introduced an entirely new angle
to the irrigation experiment and future tests were planned with the 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 in the usual
way: six others were jrrigated with the addition of nitrale. The method
of supplying the nitrate was as follows: Before the stream of water is
turned into the head of the row, small dams five or six inches high are
built with a hoe at intervals of about 20 feet—depending on the 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 the operator passes quickly back through
the row, rebuilding the broken dams so that there is standing water throngh
the whole length of the row (Figure 2). At this point nitrate of calcium,
at the rate of 100 pounds to the acre, is distributed by hand in the row.
Tt dissolves immediately in the water. As the water soaks down to the
roots, it carries suflicient nitrate to replace any that is lost by leaching
and it is quickly absorbed by the plants. The steps in the method of
jrrigation are Lhe same in both cases except for the addition of nitrate
1o six of the rows.

The weather during July was very dry and hot. Before wilting was
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-burned. On the seven-
teenth, the second irrigation was applied at the rate of 1.5 inches. Rains
beginning on the twenty-fourth made further irrigation unnecessary.

Tasre 2. IrricaTioN Prors. Pouxps oF NitnatE NitRogen (N) PEr Acre
IN ToE SURFACE SOIL

l Not
Date of sampling

1 1 addad
July 8. Before any irrigation 100 100 100
July 13. Four days after first irrigation 71 12 47
July 21. Four days after second irrigation 26 6 36
August 3. Nine days hefore harvest 24 8 36
August 10. Two days hefore harvest 30 19 37

Differences in appearance of the plants were as striking as in previous
vears, the irrigated plots showing larger and more luxuriant growth.
About 10 days before harvest, the irrigated plot which had not received
the nitrate treatment showed signs of nitrogen shortage. 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 signs
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 seasom, the soil in each plot was tested before the
experiment was started, again a few days after each irrigation, and finally
a week before harvest. The results presented in Table 2 confirm the
observations on the color of the lesves and also show how effectively
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 should always show a minimum 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
this was the only place where the tobacco showed starvation svmplbms.

The tobacco was harvested from all plots on the same day, August 12,
cured together in the same shed and graded at the station sorting shop
by commercial graders. The yield and grading records are presented in
Table 3. Outside the grading records, the following observations made
at the time the lobacco was on the sorling bench are of interest:

No irrigation.. Leaves dark, heavy and short. No yellow leaves.

Irrigation only. Many of the leaves vellow, dead, chafly-—typical
nitrogen starvation. Leaves longer than on the non-irrigated plot and
nol so thick.

Irrigation plus nilrate.  Excellent quality, bright color, neither veliow
and chaffy, nor dark and heavy. )

Tanie 3. Irmicatrion TEsTs v 1936. YiELD anp SortTing RECORDS

Treatment
\
No irrigation 2114 1 \ 3 18 6 51 8 11 2 .336
Irn‘gatl_on . | 1937 2 6 22 4 [ 36 8 } 10 | 12 ‘ .346
Irrigation-+nitrate | 39 4 1 8] 2 .45

Some points of interest brought out in the table are also worthy of
mention: :
Imgatl‘on alone has reduced the yield by almost 200 pounds. This
agrees with the well known fact that a dry year crop usually has a
surprisingly high poundage, explained by the thickness of the leaves.
. Also the very high percentage of dark leaves (59 percent on the non-
}rrlrgated plot) is characteristic of a dry weather crop. This objectionable
eature has been reduced in both the other plots.
" The percentage of brokes is highest on the irrigated (alone) plot. These
1'91565 were :[he yellqw, dead leaves mentioned above.
- el hf_; laddmon of nitrate at time of Irrigation has not greatly increased
he yie d as compared with the non-irrigated tobacco. It has, however
very materially improved the grading (increase of about 33 percent),

¥ Increasing the percentage of the more valnable grades and the size
of the leaves. -
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Conclusions and Discussion. These experiments were conducted
on light, sandy soil with a coarse, sandy subsoil, the kind that always
suffers from drought and from leaching. This character of the soil should
be kept in mind in interpreting results. Our own experience with irrigation
on heavier soils on the slation farm has taught us that irrigation (without
addition of nitrate) can he practiced up to a certain point without serious
injury from leaching. But the grower who has his tobaceco on heavier,
more retentive soils does not often resort to irrigation. Tt is soils similar
to those on which these experiments were conducted that the grower
is most apt to irrigate because these show the effect of water shortage
first. Probably irrigation has never become a regular practice in growing
tobacco here, hecause ihe grower experimented on such soils and failed
to reap the benefits he expected. Therefore he resigned himself to taking
the weather as il came, his losses in dry years, and lrusting to the Lord
that conditions would be better next time.

These experiments show why he failed and how he can succeed. Most
growers have a supply of water close at hand and the equipment for
transporting it to ihe field is not too expensive when compared with the
benefits. During hot, midsummer droughts his labor is usually idle
because little can be done on the farm till the rain comes. Therefore
the increase in labor expense is little or nothing. It is a common axiom
that 90 percent 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
weather. Like most axioms, this one is only relatively true. The grower
cannot change the weather but he can change the effect of it almost
completely by intelligent irrigation.

If heavy irrigation must be resorted to, the application of nitrate is
just as important 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 would be expecled on this type of land in a favorable year without
frrigation. In fact, there seems now to be no reason why we cannot
produce both a high yield and high quality on dry, sandy lands of this
type.

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

Other nitrates, such as nitrate of soda, would probably give the same
results as nitrate of calcium. Also it might be more convenient to add
the nitrate to the water at the point where it comes out of the pipes or hose.
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FURTHER EXPERIMENTS ON TIME OF HARVESTING
HAVYANA SEED TOBACCO

This experiment was begun in 1935 to determine how long Havana
Seed tobacco should be left in the field after topping, and to measure the
effects of earlier or later harvesting on yield, size, quality and chemical
composition of the leaves. The results of the first season were presented
in the annual report for 1935 (Conn. Agr. Exp. Sta. Bul 386: 585-587).
In 1936 the method of procedure was the same but the experimental
plots were located on a different field (No. X1I) which is more favorable
for growth and leaches less than 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 starved condition of the
leaves, while in 1936 there was not sufficient rainfall and it was necessary
to irrigate the field once (July 15},

The plants were set on June 2. The fertilizer used was an average
good formula with cottonseed base, supplying 200 pounds of nitrogen,
60 pounds of phosphoric acid, 200 pounds of potash and 100 pounds
of magnesia to the acre. The plants grew very rapidly and continuously
and all appeared quite uniform at time of topping, July 27. 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
after topping; and three more, three weeks after topping. All were cured
in the same tier of the same shed and were sorted in the station sorting
room by commercial graders in November.

The sorting and yield records are shown in Table 4.

TasLe 4. Experimments oN TmME oF HarvesTING. SoRTING AND YIELD RECORDS

ronr 1936
Yiel in | Parcentage of grades ' Grade
‘Time of harvesting per acre ey
I | 1 I 1
One week after topping 1902 |11 7)21] 5 /36| 6|10
Two weeks after topping 2222 7
Three weeks after topping 2454 9

Notes on the condition and appearance of the leaves at time of sorting
were as follows:

. Otne week. Thinnest of all. Good quality, but of a decided greenish
:ast.

T:wo weeks. Good quality but somewhat veiny, especially the seconds.

; Three weeks.  Excellent quality with good color and body; not veiny.

0 greenish 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. It is
apparent from this that there is a marked and contlinuous expansion in
leaf size after topping up to at least three weeks. Although no actual
measurements of leaf thickness were made, observations on the cured
I‘?aves 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

TABLE 5. PERCENTAGE oF Crop Iv DIFFERENT LENGTHS oF LEAF. 1936.

, Length in inches
Time harvested

One week after topping
Two weeks after topping
Three weeks after topping

LENGTH OF LEAVES /N INCHES

Ficure 3. Leaf length as affected by time of harvesting.

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 accumulation of mineral salts in the leaves (as
expressed in percentage of dry weight). It can be accounted for only
on the basis of the broader surface area and thickness of the leaves.
Possibly there may be some increase in the organic constituents, for
which no analyses have vet been made. Also there has been no attempt
to measure the size of veins to see whelher they enlarge. Investiga-
tion by Averyl shows that although there is an increase in the vascular

| Avery, George S. Structural responses to the practiee of topping tobacco plants. Bot. Gaz. 96:
314-329. 1934,
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tissues of the veins after topping, it is only in proportion to the expanding
leaf surface. . . . i

The best grade index, by a slight margin, was obtained on the tobacco
that was left standing longest in the field. The actnal improvement in
quality is undoubtedly greater, however, than is indicated by the grade
index. The tobacco harvested last had more the color and appearance
of “ripe” tobacco, a quality desired by the manufacturers.

In one respect, the results of 1936 are at 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
and 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 three 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.

SOYBEAN 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 sovbeans for oil
production in 1936 was about 1.5 million acres and this is expected to
increase well beyvond 2 miilion acres in 1937. Production of meal will
probably be 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 extracted 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 be found. .

In‘the Orient, soybean oil meal has been used for centuries as a fertilizer,
b}lt in this country little attention has been given to this possibility.
The composition of the meal is very similar to that of cottonseed meal,
containing 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, since the
production of meal is steadily increasing and has all the appearance of
being a permanent commodity in the future, it should also compete in
price with the other meals.

There are no published accounts of experiments in which it has been
tested as a tobacco fertilizer. The experiments herein recorded were
begun with the object of testing this material as the only source of nitrogen
In the tobacco fertilizer formula, comparing it with other standard meals
and ohserving the effects on yield, grading and quality of the leaf.

There are three common methods of extracting the oil from the bean,
namely; The hydraulic, the expeller and the solvent processes. The
oldest. is probably the hvdraulic process whereby simply the exerted
pressure extracts the oil.
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In the expeller process, the beans first 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, such as ether,
naphtha, benzol or hexane, to extract the oil. Afterward the meal is
well dried through steaming, and whatever solvent is used is thereby
evaporated. . _

Oil meal from the expeller process was included in our experiments
for the first time in 1935. The results were briefly reported in Bulletin 386
of the Commecticut 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 vield and grading
the results surpassed those in which any other organic carrier was used
in this series. Tt produced a leaf with an excellent “finish”, meaning
ample stretch, perfect texture and a “silky” appearance, all desirable
characters of a wrapper leaf. In addition, there was a relatively low
percentage of “‘darks”, with the upper grades of bright color and “pink™
veins.

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 composttion.

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. Growlh was unusually vigorous here with no apparent
differences between plots receiving the oil meals. Tobacco on the check
plots appeared to be somewhat shorter.

Yield and grading records are given in Table 6 where it is seen that
the highest grade index was obtained 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 results were identical and
higher than the average for the check plots. All the tobacco, however,
from the soybean oil meal plots was of excellent quality with good colar,
texture and veins. There were no significant differences between the
vields produced by the three materials, but they were all somewhat
higher than those on the check plots.

TarrLe 6. SovBeaN O Mrar Tesrs. YiEwp anp GrapivG Reconps ror 1936

Souree of nitrogen Acre .yi_eld I Grade index
| Pt | Av. | Pet | Av

General fertilizer, Check 1 | 2483 | T
General fertilizer, Check 2 | 2386 2317 | 444 | 400
*Cottonseed meal on Field V | 2082 372

Soybean oil meal (regular) plot on Field V 2374 ‘ 441 |
Soybean oil meal {regular) on Field XI1I 2490 2482 .463 . 454
Soybean oil meal (pellets) 2559 455 |
Soybean oil meal (solvent process) | 2505 | .456 \

Sovhean Oil Meal as Ferlilizer T

Nitrilication studies have revgaalecl that soybean oil mea_\l produces
nitrate at a higher and more uniform rate than other organics, such as
coltonseed meal. Furthermore, there is no appreciable difference in the
rate of nitritication among the various kinds o_f sthean oil meal mch!dod
in the test. There was thus no material gain in any respect obtained
{rom applying the soybean product in pellet form, IL may be _mentu.me(l
also Lhat. the petlels have a tendencey 1o segregate from the other ingredients
in a fertilizer mixture. . v )

As pointed out elsewhere in this _hulletm {page 79), one single source
of nitrozen appears to be as good, if not better than several combined.
It seems important, therefore, 1o direct investigation toward finding the
most suitable source for cigar leaf tobacco. So far, soybean oil mea
has given cxceplionally good results. Further research. however, is
necessary to observe the effect of this material on different types of Ltobacco,
mmder a wider range of conditions and on larger areas than the rather

Tests On Shade Tobacco

The Lests were also extended to shade tobacco in 1936. In an eight-
acre lent, sovbean oil meal was substituled for cottonseed meal on ten
rows across the center of the field at the rale of one ton to the acre. In
all other respects the two formulas were identical. Observations during
the summer showed no striking differences in the growth of tobacco
on the two formulas. At lime of harvesting 50 hands, 2,000 leaves,
were tagged from each priming for sorting records and an equal number
on adjacent bents where the regular cottonseed meal formula was used.
The cured tobacco was graded by experienced sorters in the warehouse
of the Gershel-Kaflenburgh Tobacco Company. The results of the
first. three primings, nine leaves to the plant, are shown in Table 7.%

TaBLe 7. YIELD anp Graping REcorDs oF SHaDE Topacco GrowN oN SOYBEAN
O Mear Formura

Position of leaves on stalk

. 806

| Cottonseed 105 ‘ &1
Ist, 2nd, 3d [ Soybean ' 102 1.636
| Cottonsced | 199 2,152
4th, 5th, 6th Sovhean | 207 | 2.307
- 1.915
‘tha St-h, 9&11 ‘ Soybea_n
Total yield Cotlonseed 361 |
(First 9 lenves) Sovbean 552 i
o Cottonseed 1.978
Weighed average price Sovbean 2067

To compute the price per pound, after the leaves were sorted into
the usual commercial grades, the weight of each was multiplied by the
current price received by the packer for that particular grade, the products
mﬁnd the sum divided by the total number of pounds in the lot.

* The upper leaves had not yet. beon sorted when thiy was writlen.
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Observations of the tobacco at the time of sorting indicate that the
sovbean oil meal produced thinner and more elastic leaves than the
cottonseed meal, Above the first picking the leaves from the soybean
oil meal plot were “silky”, while those from the cottonseed meal plot
were somewhat rougher. These differences in texture resulted in a greater
proportion of leaves in the more valuable grades, such as LL’s, LC’s,
LV's and LV¥2 s, and fewer in the less desirable grades such as YL's, V's
and M's.

The summarized results show that in this test there was no increase
in weight from the use of soybean oil meal, but there was sufficient
improvement in quality to net the dealer nine cents a pound above the
tobacco grown on the collonseed formula.

Other growers tried soybean oil meal this year on a part of their acreage
and have reported favorable results. However, exact data on these
tests are not available.

SINGLE SOURCES VERSUS MIXED SOURCES OF NITROGEN
IN THE FERTILIZER

In the mixing of tobacco fertilizers, it is an almost universal custom
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 vsually supplemented by smaller amounts of such
malerials as dry ground fish, castor pomace, linseed meal, urea, nitrate
of soda, nitrate of potash, and others.

There are two reasons for this practice. In the first place, some of
them supply nitrogen at a less cost per unit. The second and perhaps
more important reason is that growers and fertilizer dealers believe that
the different materials in a mixture supplement one another by decomposing
at different rates. Thus a mixture supplies available nitrates in a more
constant and presumably more favorable succession. The mineral nitrates
are added on the theory that there may be a shortage of available nitrogen
in the soil early in the season and that these added nitrates, which are
immediately usable by the seedling plants, may serve to start growth
more quickly. Tlence they are popularly termed “starter nitrogen’.
Most fertilizer mixtures contain at least a small proportion of starter
nitrogen. In the absence of any published tests to substantiate the
correctness of these theories, a series of experiments was conducted on
Broadleaf iobacco with the object of answering specifically these two
questions; (1) Does a mixture of organic nitrogenous materials produce
a better yield or higher quality than a single nitrogenous material?
(2) Does the inclusion of starter nitrogen improve either the vield or
grading?

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

Single Organics Versus Mixed Organics

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 common use but has heen tried
experimentally at the Station for several years with good results. Fach
of these was used alone as ’ghe only source_of nitrogen in p_lots of Brpadleaf,
one twenty-fifth of an acre in area. On adjacent plots various combinations
of the same meals, as indicated in Table 9, were used on duplicate plots:
five of the single sources and twelve of com_bmed sources. The actual
quantity of nitrogen applied was the same in all cases, 200 pounds of
nitrogen (N) to the acre. The usuqf quantities of potash, phosphorus,
magnesium and calcium were also included in the fertilizer and were
equal on all plots. The field was fairly uniform and the plots well dis-
trihuted to avoid possible favoring of any one treatment. The experiment
was continued on the same plots for five years. All plots were set the
same day and all cultural operations were uniform. Observations on
the growing crops in the field did not show any consistent differences
as between the various organics or the combinalions of them.

All were weighed and sorted separately in the station sorting shop by
commercial sorters. The records of vield and grading are shown in Tables
8 and 9.

Comparing the single sources, it will be noted that corn gluten meal
gave Lhe highest vield, while linseed meal had the best grading, a resuit
that we have usoally noted in other tests of these materials. Comparing
the combinations with the single sources it is seen that, with one exception,
any single material produced a somewhat higher yield alone than when
it was combined with other materials. With respect to the grade index,
however, it is difficult to draw any conclusions except that the linseed
combinations made a very good showing, but never as good as linseed
alone. If we compare the average of all the single sources with the average
of all the combined sources, we find that the single sources gave a little
better yield, while the grade index was almost identical.

Our fival conclusion from this five-year test is that, contrary to popular
opinion, nothing is gained in vyield or quality by combining several
organics. A single organic material will give as good results. As a means
of saving on the cost of the fertilizer, however, Lhese tests indicate that
less expensive materials may well be substituted for a part or even all
of the more expensive ones. Thus the 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 intermingled with the
ahOV_e mentijoned, we used the same combinations of organics as in the
previous experiment but with a nitrate starter, nitrate of potash, supplying
10 pounds of nitrogen to the acre. The amount of the organic materials
was reduced in proportion in order to keep the total quantity of nitrogen
lhe-s_ame on all plots, 200 pounds to the acre. In all other respects the
ff‘rt‘lhzer was the same and the cultural operations were alike.

(.areful. observalions every year failed to show that the plants started
more rapidly on those plots to which the nitrate had been added. Nei-

ther was the growth in any way better. The sorting and grading results
are shown in Tables 9 and 10,



Cottonseed meal | N49
Caster pomace N50
Linseed meal N51
Dry ground fish N52
Corn gluten meal | N53

1721
1430
1600
1460

1562

1213 | 1749 | 1868
1866 1787 1829 |
177! 1745 1861
187 1747 | 1837
1906 | 1839 | 1036 |

Rource of nitrogen

14 Cottonseed meal
14 Castor pomace

Acre yield

Gra;dn index

‘14 Cottonseed meal
115 Linseed meal

(14 Cottonseed meal
%14 Fish

14 Linseed meal
Y L5 Corn gluten meal

Tapne H, Cosmsrvien Oreane: NITROGEN So1 roes Wit STanrrei.

Source of nitrogen

2/5 Cottonseed meal |
2/5 Linseed meul b
1/5 Nitrate of polash ]

2/5 Corn gluten meal
1/5 Linseed meal

1/5 Fish

1/5 Nitrate of potash

Average of all

— et
-1 b3
-1}

WSS

1817 | 2089

1813 | 2208

1837 | 2187

1895 | 2028 i

1939 [ 2302 | 1811 | 1649
1939 | 2017 | 1794 | 1756
1686 | 2257 | 1861 | 1791
1846 | 2002 | 1841 | 1837

Acre vield

195145
1682

=
s o
(Y T

—ous ‘ 1000 | 1U0W

1943 ’ 1770 ‘l 1525

U E— =

] .
199 | m7 F 381 =
215 | (321 | E

- T ‘ LS r i

i)

=
Ry oA

Susmvany oF FineY gan Tese on Broanuear Prots

sa [ o1e3a [ Av,

267 268

219 | 305




82 Connecticul Experiment Slation Bulletin 391

The results are not uniformly consistent, but comparing the average
of all plots with starter and without starter, it will be seen that both
the yield and grade index were somewhat better when no starter was
used. At least we may conclude that there has been no advantage in
adding the starter nitrogen. The explanation probably is that in ordinary
practice, there is always a sufficient quantity of nitrate in the soil to
#i)l the limited requirements of Lhe sinall plants early in the season.

FRACTIONAL APPLICATIONS OF NITRATE OF SODA

It has been long known that plants most easily absorb nitrogen in
the form of nitrates. To this rule tohacen is no exception. Nitrates
evidently provide within the plant a more facile starting point in the
metabolic function of nitrogen. It should, therefore, be of importance
to provide a continnons supply of nitrates for the plants. "This is carried
oul in a measure through the common practice of tobacco fertilization
in the Comnecticut Valley where cottonseed meal and other organics
provide the essential part of the nitrogen. These organics conlain very
little nitrogen in the nitrate form, but the complex, nitrogenous materials
in them are broken down gradually by the soil organisms and ultimately
are supplied to the plant in simple nitrate form. Biological processes
in the soil, then, are Nature’s aid in supplying the nitrates during the
Seas0mn.

Weather conditions, however, vary considerably between extremes of
hol and cold spells, drought and excessive rains, which all in various
ways adversely alfect a steady and uniform supply of nitrates.

Therefore, a logical procedure would be to apply the nitrogen to the
growing crop in several fractions rather than in one dose before planting.
Kxperiments along this line were carried out at this Stalion in 1926 through
1930. The greater part of the cottonseed meal and all of the nitrates
included in the formula were reserved for two later applications. The
results for the period, however, showed that such fractional applications
were disadvantageous in a very dry season and beneficial in a rainy season.
Since weather condilions are never known in advance, it was concluded
that the best practice would be to apply all the fertilizer before planting,
and additional nitrogen in case of excessive precipilation.

Another modification of the fractional application 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 on the tests
with nitrate of soda (Conn. Agr Exp. Sta. Bul. 386: 550-551) related
briefly the results for the past ten years. For the first six vears, with
the nitrate applied all at one time before setting, the results were very
unfavorable because Lthe nitrogen was leached away in the early rains.
For the following four years, with the nitrate divided into five applications,
both yield and grading were vastly improved. ‘

The five applications of nitrate of soda, each supplying 40 pounds of
nitrogen per acre, were made at about 10-day intervals. The first one
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-as made a few days before planting, together with all the other nutrients
A a;] d for in the formula. The next was made a few days after planting,
ca |ethe rest at 10-day intervals, unless heavy rains oceurred in the period,
-ml(\—hi(‘h case the nitrate of soda applications followed immediately. The
igqt application was made within Lhe first week of July. The type of soil
0;.1 which this experiment was conducted was a very hight, sandy loam
of the Merrimac series. _ ) .

From the work on soil nitrate EI'OC‘IU_(:-LIO[I by s‘mgle sources of u‘utrogen,
reported by Street (Comn. Agr. Exp. Sta. Bpl. 386: 56_3), it u:ah S]]l(')WI;I
thal nitrate of soda, in fractional applications, _pr()\n(.led a “ﬁp yv_ol
nitrate at a rate about equal to that of any of the organics, PO?S}[] y Wl,t h
the exception that the quantity of nitrate in the second week of June \'w_als
unnecessarily high (more than 100 pounds per acre as compared with
about 50 pounds for the organics). [tis likely that the second apphcatlfm
could be reduced to half, making the Lotal 180 pounds N per acre, yel
no indications have been observed that 200 pounds adversely affocted
the resulls. .

The applications of nitrate of soda were completed at a time when
the crops were less than half grown. It must be assumec_l, thus, that the
plants were able to absorb a reserve of nitrates {:.0!18!(](:1‘&])1_\' greater
than the prevailing physiological need, since lea‘chmg rains, es:pec.tally
in 1935, and irrigations occurring afler the completion of the _apphcallons,
cansed no visible symploms of starvation of the leaf during the now
compleled live-year period of this experiment.

The resulis from 1he present. (1936) season show Lhat nitrate of soda,
with one exeeption, produced as high a yield, 2,250 poqnds per acre,
as any ol the single sources lesled. Tn grading (grade index .389) il
exenlled many of the comimon “meals”. -

In comparing the average resulls of the paxl five yeays.ml‘h .uther
single sources of nitrogen carried on for the same iength_oi Lime, nitrate
of soda has produced the highest grade index (.410) wilh hnsefrd meal
close behind (,403). The average yield, 1,842 pounds per acre, 1s some-
what lower than, for instance. that for cottonseed meal, 1,901 pounds
per acre,

Since the results from fractional applications of nitrale of soda are so
obviously in line with those from the organics, the experiments suggest
that the main, if nol the sole advantage of the “meals” is equz}lle(l by
supplying the nitrates at a proper rate. Undoubtedly this ex!)!am§ wI],V
“meals” have so long had a prominent place in tobacco ferlilization in
the Connecticut, Valley, where most of the tobacco land is of a san.dY
tvpe with a minimum capacity to retain the nitrates at times of excessive
rains.

Through the continuous use of nitrate of soda as a single source of
nitrogen, the soil has become less acid. During a 10-year perind the
PH values have increased from 5.2 to about 6.0 in early spring. This,
however, is not due 10 an accumulation of sodium, as shown by our
!)‘Simeter data, since sodium is readily leached, leaving other valuable

almost unalfected.



Chemical analysis has shown thal only a very small perceniage of
sodium is absorbed by the tobacco plant. Moreover, the absorption of
potash has not been adversely affecled.

Nitrate of soda, used alone, obviously does not replenish minor elements
to as fine a degree as the “meals”. Thus a merit might possibly be added
to a material containing such elements as impurities.

The economical side of the problem is whether or not one conld use
nitrate of soda alone in place of other sources of nitrogen. The cost
of nitrogen in this material is about half that of any of the common “meals”™,
which permits a saving in the cost of fertilizer. This, however, must
be balanced against the extra labor cost involved in the fractional applica-
tions, mainly hand labor. This whole idea should be tried out by some
commercial grower on a larger area than is permissible with plot work
at the station farm.

EXPERIMENTS ON CONTROL OF INSECTS OF TOBACCO, 1936

Because of the increasing seriousness of some insect problems,
particularly those presented by flea beetles, thrips, and wireworms, the
Connecticut Valley lobacco growers asked for assistance from the United
States Department of Agriculture to facilitate the development of adequate
control methods. After an investigalion of the sitnation, the Bureau
of Entomology and Plant Quaraniine of the United States Department
of Agriculture assigned to this Station a full-time entomologist (Morrill)
to cooperate with the station entomologist (Lacroix) who has been con-
ducting insect control experiments during the summers at Windsor since
1930. This is a report of the coperative experiments of the first summer,
beginning on June 2, 1936,

The major problem attacked during this season was the control of the
potato flea beetle, Epitriz cucumeris Harris, on shade and field tobacco.
This beetle has been very destructive during the past few vyears. At
the time the investigations started, it was extremely abundant in potato
fields, whence it was believed to have migrated to tobacco, especially
after the application of Bordeanx mixture to the potatoes. Duplicate
control experiments were commenced in two shade tents about a mile
apart.

t Junior Entomologist, Bureau of Futomology and Plant Quarantine, United States Department
of Agricultare.

. * Assistant Entomologist of the Department of Entomology of the Connecticut Agricuitural Experiment
tation.

Experimental Methods in Shade Tents

Plots were laid out in these Llents so that mr]]_consisl:e_d of 10 bents,
ar one~uarler acre. Since it was desired to obtain empirical knowledge
rather Lhau extremely precise resulls dun.ng this llI‘ST-_ season’s work, the
plots were not subdivided and _ran(lnmlzed, aceording to pl‘esm_lt—rlay
approved procedure, but were laid oyt parallel. All plots used in the
experiments bordered on the outside of the tent.

Fieure 4. Dusting young plants of shade-grown tobacco
for control of the potato flea beetle, Windsor, 1936, The
operator is using a dust mask.

With one exception the insecticides used were diluted with slerile
tobacco dust, finely ground and certified by the manufacturers to be a
by-product in the manufacture of nicotine sulfate. In plot No. 3, however,
the two materials used diluted each other. Plot No. 1 was _(Iusred v_vlth
a mixture composed of two parts of the tobacco dust by weight lo eight
parts of barjium fluosilicate. Plot No. 2 received a mixture containing one






Taerr 11. MorTaLITY oF FLEa BERTLES AS A RESULT OF THE APPLICATION OF
InsECTICIDES ON ExpERIMENTAL ProTs oF SwabE Toeacto. Winnsor, JUNE,
Juny, Avcust, 19306

Total commercial ieaves injured

r Number of [nsects ‘
. per 00 planty

per 100 plants

1 | 99 i 334 160 161 105
2 : 136 370 183 152 6l
1 3 74 ‘ 207 134 114 22
4 39 326 | 171 113 33
Check® | 49 232 \ 227
33 \ 94 ‘ 57 70 16
] | 62 35 41 25
3 38 48 24
4 37 66 49
Check® | 203 399 131

P Plats were (eeated with the fullowing materiala:
Barsan Hacesiticale, 8§ poaenes: b bieeco dost. 2 poumis
20 tnbe rod jaeadioe 8 pwereent poteanne) | powoed: ebaecs dust, 3 pounds.
10 Boruge o st ste, B pe o= culs® root powder 1 pereenl eodeiene), 2 posands
oS oo ahmeram 1 s Leate, B proninds )t Laeeo dust, 2 gonuds

P Une quatter o less o) end sucface unlit [e wrapper.
T Uine ceanpidete side of nadeib ookt b owraggec.

* Hoth Lalves of o oF unbin fur weap.per

bk sty waere e fE s ompletely Loareated.

it. will be noted that the mixture of cubé root powder and tobacco dust
showed the highest number of dead beetles and the next to the least
total leaf injury. The mixture of barium fluosilicate and cubé root powder
was somewhat more effective if judged by the number of live beetles
and the total leaf injury. This superiority is not believed to be sufficient
to juslify the increased cost of the mixture, since each material was used
at nearly the same strength as when used alone. Barium fluosilicate
and sodium aluminum fluocsilicate seemed approximately of the same
effectiveness and each caused considerable painting of the leaf. The
sodium aluminum fluosilicate had the further disadvantage of coming un-
evenly from the gun and thus caused even heavier painting.

Control Experiments on Havana Seed Tobacco

During the seasons of 1935 and 1936 large quantities of a number of
materials have been applied on a commercial scale in efforts to control
potato flea beetles on tobacco. Barium fluosilicate dust and various
dust mixtures containing rotenone have in the past proved most ellective
and some growers have combined the two types of material. Where the
two insecticides have been mixed together, half and haif, and further
diluted with tobacco dust, the dontrol has been unsatisfactory. The
reason for this is that each ingredienl is diluted by the addition of ihe
other and both are weakened by the further addition of Lobacco dust.

In 1936 comparisons were made of the effectiveness of a dust mixture
containing 1 percent. of rotenone; bartum fluosilicate diluted with tobacco
dust one to three by volume; cubé root. powder (1 percent rotenone)
and barium fluosilicate mixed in equal parts with no tobacco dust; and
a proprietary dust mixture containing .55 percent rotenone. These

inseclicides were applied to Havana Seed tobacco at the Experiment
Station on July 18, July 27, and Augast 3, following Lhe increase in the
beetle population which began about July 15. Counts of flea beetles
were taken at Lhe time of dusting and again 18 hours later. Table 12
chows the data collected.

Flrn beotle populotion on 26 planis

Insecticide used [ July 18 July 20 | July 27+ July 29 ! Aue. 3 Aug. 5

27 e 8 . 1 . 2

Dust mixture, 1% rotenone
Barium {luosilicate, tobaceo !
dust mixfure, 1 to 3 29 0
Dust mixture, 4% rotenone,
barium fluosilicate, equal

parks 18 5 . i | 3 3 1
Dust mixture, .55% rotenone ‘ M {z . 33 i | 3 6
Nome (Check) |24 125 27 |2 by 33

All dusts except one were applied at the rate of L2 pounds to the acre.
The mixture of 1 percent rotenone dusk and barium fluosilicate was applied
at the rale of 13 pounds per acre. At the same time observations were
made on the extenl of flea beetle injury to the leaves on Lhe various plots.
Tiie results are contained in Table 13,

TasrLe 13. FLea BeEerie Insury ox Insecticipe Test Prors (NumBeR oF INsuaeED
LEAVES ON 25 Prants) on Havana SeEpp Topacco. Winnsom, 1936

Dale Degree of Number of leaves injured on plota treated with!
injury S S -
Material A Material B
| Slight2 2 5
July 18 Moderate? 2 2 3 | D 4
Severet 0 1 t | 1 | 1
Slight 11 3 6 8
July 20 Moderate 2 3 2 4 Y
Severs 0 0 0 2 14
Slight 7 i 6 | 11 12
July 27 Moderate 3 | 5 3 -
Severe ! 1 3 I | 3
Siight ' 10 9 \ 11 11 15
July 29 Maderate ] 2 3 | 4 21
Severe 2 2 4] ! 1 6
Slight. 12 13 9 | 16 14
Aug. 3 Maoderate 10
Severe | 1 2 0 | 1 18
Slight : 12 | 13 11 I 17 21
Auvg. 5 | Moderate | 6 f 12 N 11 32
- 1 2 21

I Severe |

b

! Materials psed:
A. 1 percent eotenone dust.
B. Borinm flacsilieate, tobaceo dust, 1 to 3.
(2. 1 percent rotenone dust, barium Anosilicate, equal ports,
D. .55 percent rotenone dust.

: One-fourth or less of leal area unfit for wrapper.

: One-half of leaf unfit for WIRpDer.

Both halves of leal unfit for WIApper.
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The figures in tables 12 and 13 indicate very little difference in the
effectiveness of these materials, bul all show a distinct improvement
over the untreated check.

Dust residue on the leaves was not objectionable except on the plot
trealed with the mixture of barium fluosilicate and 1 percent rotenonc
dust, where there remained considerable white powder.



The polatoes were spraved with Bordeaux mixture only once, following
which there was a slicht increase of heetles observed on the screens. The
number of beetles caught, of course, represents only a seoment of the
air one foot in width, or a coverage by the four screens in each group
of about one foot jn 10. The large numbers of beetles on the potato
plants were therefore represented by comparalively small numbers on
the screens. Consisteni, dusting of the shade tobacco at six-dav intervals
may have somewhat aflecled the differential between the catelies made
on the outward and inward faces of the screen. Neverlheless, as will
be seen by the following table, the beétles seemed definitely to fly from
the polatoes to Lhe Havana Seed tobacco and Lo the shade tent and
showed a marked preference f{or the latter. The catches made on the
screens also indicated bwo broods, which coincided in date with the period
of greatest abundance on the check plots in the dusting experiments.

Flea Beetle Emergence Studies

After the first emergence (spring brood) of flea beetles had subsided
and before the second generation had made au appearance, large cloth
cages were placed over 12 plants, 6 in the open field and 6 in a shade tent.
These plants were ohserved to have been attacked by the earliest emerging
flea beetles but were otherwise typical. The cages were examined afler
being placed to make sure that no flea beetles were inside at that time.
They were then checked every second day and the number of flea heetles
emerged was noled. The results of this study were negative, since com-
paralively few individuals emerged in the cages, although the soil around
the caged plants was of approximately the same moisture content as the
general [ield.

The numbers of beetles found in the untreated checks of the toxicity
experiments, which surrounded the cages, 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 showed definite preference for certain plants, often the diseased
or otherwise weakened ones, and many plants were not attacked at all
until a heavy infestation was observed on other plants nearby. For this
reason, it is possible that the tobacco chosen was not representative of
the infested plants. Since these heavily infested plants were often some
distance within ihe shade tent, it would seem Lo indicate that some breeding
was ogeurring within the field.

The flea beetles appeared in the fields in large numbers about the middle
of June, but the summer brood was very slow in emergence, the peak
occurring suddenly around July °23 and continuing through the first
week in August. Usually there is a gradual but decided increase from
about 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 .46 inch. On
July 23 there was a rainfall of 1,24 inches. Careful and continuous dusting
on the part of most growers of shade tobacco reduced the infestation
greatly. Havana Seed tobacco had light to moderate infestations and
Broadleaf in some sections was comparatively free from injury.

Experiments in Insect Control

Observations on Large-Scale Dusting

- all erowers of shade tobaceo dusted regularly at about 6-day
ingﬁ}g \iithgrdusts containing .67 to .83 percent rotenone, and these
treatments apparently prevented the flea beetle from doing any con-
siderable damage. It was also impossible to determine what the potential
damage might have been, as has been stated, but in some instances where

rowers did not dust regularly, or thoroughly, as in the case of the un\treated
checks in the experiment, a larger amount of damage was noted. Growers
were generally of the apinion that the_ dusting was of considerable bgneﬁt.
The results of counts of flea beetles in a field dusted by a grower in the
manner mentioned above are given in Table 17.

Tanie 17. Torar Counts FroM Four StaTions oF 25 Prans, Eacr v 4 -FieLp
Dustep BY GROWER witH ProprieTary Rorenone Dusr.
Wrinpsor, ConneetrcuT, 1936

Plantg infured (number Jeaves)

Flea beotles !
Count for — -
weck ending Alive

9 24 19 2
1 19 13 3
I 19 5 | 13 9 5
w27 7 B 5 3 3
Aug. 1 0 3 } 0

1 Dust applied at about 6-day intervals, 8 lba. per acre. Dust contaned .83 percent rotenone.
1 Que-fourth or less of leafl area unfit for wrapper.

One-half of leaf unfit for wrapper.
! Boath halves of leaf unfit for wrapper.

Other Crops as Counter Attractions for Beetles

Flea beetles were observed feeding on corn planted in rows between
potatoes and field tobacco, one grower reporting that the corn had been
intended as a “buffer.” That not all the beetles stopped at the corn,
however, was shown by the comparatively heavier infestation of the
firsi. four to five rows of the tobacco on that side. Sunflowers, on the
otler hand, which were planted by one grower for shade in alternate
rows with his Havana Seed tobacco, proved definitely attractive to the
flea beetles. These sunflowers were riddled by the beetles while the
tohacco showed little or no damage, nor were many beetl_es found resting
on the tobacco although the sunflower leaves were heavily populated.

The Use of Power Dusters for Control af Flea Beetles

During the summer of 1936, the 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 ‘and the other tractor-drawn.



The accompanying photograph (Figure 7) shows one of these types.
Dust applied by these machines is distributed very evenly over the
planis on both surfaces of Lhe leaves because it comes out of the blower
at a high velocity and also because of the swirling motion as it leaves
the machine. The efliciency of the power duster further proved itseif
by greatly reducing flea beetle injury and by the ability of the duster
to cover a large acreage in a short time. Several growers found it of
use in dusting the outer, more severely infested hents after the tobacco
growth prevented dusting Lhe entire shade.

Fravre 7. Power duster adapted for use in 1936 by tobacco srowers in Lhe
Connecticut Valley {or control of the llea bectle.

One drawback which will be remedied beforec another season is
the height of the power duster. As a result of a conference with the
manufacturer of the machine used in 1936, it is planned to increase the
height so that dusting may be carried on until the tobacco reaches a
maximum of four feet, six inches. (See Figure 7.)

- Experiments were conducted this season also on the control of tobacco

thrips, Frankliniella fusca Hinds, with the same materials at the same
dilutions as those which have been used experimentally in the Florida
shade tobacco district. Duplicate plots were laid out in two separate
shade tents, each plot being 2 bents, or .05 acre. Counts were made
on 10 plants chosen at random in each plot. Awvvlications were made
at weeklv intervals.
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ials y lots
following materials were used, and these were sprayed on plot
“.Enl;;red in the order listed, at the rate of 2.5 gallons per plot and, in
the last application, 5 gallons per plot:

1. Lauryl thiocyanate (1-400} ;
Nicotine sulfate, 40 percent strength (1-400
Spreader (an oxidized, sulphongtead petroleum product) (1-200)
3. Niecotine sulfate, 40 percent strength (1-400)
Molasses, black strap (1-20)
4. Dyrethrum extract (1-400)
Neutral liquid soap (1-250) }
5. Cubé root powder, 4 percent rotenore (3 pounds to 5¢ gallons)
Spreader, (1-400) sulfated phenyl phenol

6. Cubé root powder (6 pounds to 50 gallons)
Spreader, {1-400) sulfated phenyl phenol

&

Plot No. 7 was left untreated as a check and plot No. 5 was later changed
to cubé roct powder, 12 pounds to 5¢ gallons of water.

As will be seen from Table 18, none of the materials_t.ested proved
satisfaclory at the strengths used, although No. 3, containing molasses,
seemed more satisfactory than the rest. The dosage on plot No. 5 was
increased on July 10, when the plants were about half-grown, to 12 pounds
of cubé root powder to 50 gallons of water. As may be seen from the
table, this strength of cubé root powder may have had good results,
although the greater dilution did not. The sudden and rapid growth
of the plants after July 20 prevented further testing after that date..
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Number live thrips | Nuomber planis affected

|
| Plots No. Ck Ck Plots No. Ck Ch
Date |1 2 3 4 5 6 N 8 1 2 3 4 5 6 N 8
1936 Field 1. East Granby
Junel6 7 0 6 I 3 1 3 1 3 0O 4 1 6 1 3 1 3
‘23| o7 6 1 s 1] 2 4 3 a 4 1f 3 1 2 3 2
July 1| 11 of 3 1f 3 5 of 4 11 o 3 1 3 sl o a
B | 29 31) 19| 27| 21 30| 23] 35 > 8 7 7 8 10 8 10
‘10 1) 19 22{ 11| 15| 22/ 17 0 1 8 7 8 10 i 9 0
“15' [ 4 8 5 17| 5| 18/ 14 15| 4 e 4 8 3| 8 7 7
“17 | 3 6 1 3 8 3 4 7 2 s 1 3 s s 3 4
Total | 45| 76| 52 65 54 85| 68 67 16| 35 24| 36| 31 40| 31 30
. [ ' 1 1 1 t i t ! i ) i
Field £. Windsor
July 6 | 36| 48] 31) 51| 35 52 39] 59 9] 9| 10 10 9 9] 10 __
w13 | 43| 66| 153! 31] 30( 65 40/ 123 o o o 9o 9o o "9 10
“ 15 | 36| 34 10| 31| 32| 371 16| 89| 10 8 6 9 9 10 71 10
“ 20| 72118 321 8 31 7| 48 4 o 6 w0 2 o 7 10

Total [122/169] 69| 143| 105| 135| 102] 314 32| 35| 31| 38) 34 37| 33 40

! Dosage in plot No. 5 was changed on July 13 1o cubé root powder 12 lbs. to 50 gallons of water.
¥ Raing prevented counting on July 23, or spraying on July 27. The plants were subsequently too

well grown for effective spraying.

Several growers have stated that they were of the opinion that the
dusting with proprietary cubé root powders, when the plants were wet
with dew, had a controlling effect on the thrips population. They
described the thrips infestation as potentially the worst in several years,
but actual damage as being smaller than it has been at times in the past.
The sprays were applied at the rate of 50 gallons per acre, equalling a
dust of three to six pounds per acre. Since the dust is applied at 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 (Phelefes ectypus Say) probably
caused less injury than for several years. In a few isolated cases damage
was quite pegsistent, feeding being observed umtil late in June on one
plantation. On some shade plantings in East Hartford, the larvae
of this insect have been observed to infest tobacco on the lighter soils
over a period 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 used in hand-setting of plants in these rows than is used in machine-
setting in the others,
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-e. history studies on this insect are also being continued. During
thLlf:%silsl 13;2111:}0}? tll:u'\m] life there is a gradual increase in size, and during
he first few months of the second year, there occurs a sudden increase
;tnelength. Also, there is a wide variation in the rate of growth of
individuals. X .

which hatched in June, 1935, ranged from 4 to 8 mm. (one-sixth

to %ﬁgﬁﬁrd inch) in length on April 23, 1936. In July, 1936, these had
- oreased in size from 6 to 14 mm. (onéfourth to one-half inch) in length.
" The red-legzed grasshopper (Melanoplus femur-rubrum DeG) and the
lesser migratory locust (M. mezicanus mexicanus Saussure) were verty
aumerous around East Hartford on Broadleaf tobacco and were founu
in large numbers in many shade tents in the western part of the Connectgcul;
X-’alle§, particularly in shades which had been in hay or weeds the previous
vear. The Carolina grasshopper (Dissoliera carolina Linn.) accompanied
the above-mentioned species particularly on sun-grown tobacco. "

Cutworms of various species were abundant and infestations of the
dark-sided cutworm (Euzoa messoria Harr.) continued until ear_ly July
on fields not protected with the usual poisoned bait. No serious infesta-
tions of the spotted cutworm (Agrolis c-rigrum Linn,) were noted although
two specimens were taken in East Granby high up on shade-grown tobacco
pl?ll“lkﬁse. tobacco budworm (Heliothis virescens Fabr.) was found but once
and that early in July on Havana Seed tobacco in West Suffield.

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

Very few infestations of the common stalk borer (Papaipema nitela
Guenes) were reported.

Ficure 9. Larva of the tobacco hornworm (southern species) Phlegethon-
tius quinguemaculata Haw., showing cocoons of the parasite, Apanleles spp.



Hornworms  (Phlegethontius quinquemaculata Haw. and P. sexia
Johan.) were much less in evidence than in previous years throughout
the Connecticut Valley, many fields being practically free from hornworm
injury. Fields in Manchester which had been heavily infested two years
ago had very few of these insects this year. Late in the season, however,
many hornwerms were taken from suckers thronghout the tobaceo districts
in the Connecticut Valley. During the growing season about 80 percent
of the individuals collected were parasitized by a small wasp (A panfeles
spp.) and many were observed in tobacco-curing barns, studded with
the small white cocoons of this parasite (Figure 9). Of the ater generation,
however, very little parasitism was noted and it js possible that many
of these late individuals were able to complete development and enter
the ground for pupation and hibernation before the severe cold killed
the host suckers. In fields where many hornworms are noted, or where
they have been a pest during the growing season, a second harrowing

for the destruction of suckers might prove of sufficient henefit to warrant
such treatment.

STUDIES ON THE ANATOMY OF THE TOBACCO LEAF
I. THE MIDRIB

In contrast with the great wealth of information published on chemical
and physiological investigations of the tobacco leaf, very few articles
have appeared dealing with the anatomy, or structure, of the leaf. Yet
it is quite probable that the structure may be just as important as chemical
composition in its influence on the various factors that make up quality
in tobacco. Many of the cultural operations, such as topping, suckering,
irrigation and shading, change the leaf structure profoundly. Such
anatomical alterations, in turn, make the leaves more suitable or less
suitable for cigar wrappers and binders, or may change the combustion
properties of the cigar.

Preliminary to a study of the eflects of changes in cultural and environ-
mental conditions on the leal structure, it is necessary to investigate
to the smallest detail the anatomy of the normal leaf in ordinary surrouncd-
ings. Then we have a starting point from which we may study the changes
that are effected by any modification of cultural practices or environment.
A thorough knowledge of thie normal anatomy is also a preliminary require-
ment to the study of all sorts of diseases and disorders of the leaves.
Again it is prerequisite to the study of changes caused by parasitic
organismg, viruses and insecls. .

It was with the object of acquiring such fundamental information
thal the present investigation was undertaken. The writer began this
study in 1931-32 while on sabbatical leave and working in the Botanical
Laboratory of the University of Heidelberg in Germany'.

! The writer takes this opportuiity to express his sincere appreciation of Lhe ssistance, Fuida.nce and

kindly counsel of Dr. J. Jost, head of ihe Botanical Departmant of the University of Heidelberg, and to
his able asaistants,
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{ the work have not been published before because of
la(’{&hgf Igsul]]t]atstoocomplete many of the details which should be more care-
f ilv investigated. There is still much to be done, and the present report
Y nly a beginning of a more thorough study that the writer hopes to
o gll'-:h as he has opportunity to pursue the subject further. The present
dgsc:iption of the midrib structure Is presented at this tlme: be_caus?
of its relation to the study of vein-rot as described in a later section o
tllguszg?[flznt to the initiation of this investigation, Avery' has published
lh;ee excellent papers dealing with the structure of _the 1t)qbatf:c::oAleaf.r
Tlhese constitute our most important contribution to this su ject. fvslr}
deals particularly with the origin and development (.01.1ll0genl)) 0 . u:
dilterent kinds of tissues during the growth of the leaf, while in 1: e prf[a'st:;‘n
investigation we are inlerested only in the fully developed tissues 00 lllle
mature leaf. Nevertheless, the fields of the two m\'estlgatlpnsi. (using e
same types of tobacco, all grown in Connecticul) overlap in z_alrg(; af‘eaht,_
and in these areas our results have confirmed in e_verylr detlm 1110;-;9 qta
Avery. Our excuse for publishing those parts .Whgch argely d FFI' icate
Avery’s findings, is that this bulletin will be distributed to a (.l t?r:ent
group of readers who may never have occasion to see the _]o;una s to
which Avery has contributed. In the second place it is desirable tohig:we
the reader a complele picture h{)}{e Ewlih_out referring him to other publica-

i ‘hich may not be accessible to him. .

t:olr:s \(‘Jlo:frlllecl;ic?lt types of tobacco, Lhe leaf has no petiole (leall' stalk)
and therefore the midrib® extends from the main stalk of the p eint up
through the center of the leaf to its extreme tip, At its po_m_t la:)[' mbertlgg
on the stalk, the midrib of the Havana Seed variety, which was us d
in this investigation, is aboui one-half inch thick and tapers llggar.t
reqularly to a small thread at the tip of the leal. On the upper ..\: ell
is almost level wilh, or even sunken groove-like somewhat beneath the
level of the upper surface of the blade of the leaf. Bul oiu tlhefum‘ er
side it projects from the level of the lower surface of the iea as a
prominent, half-round vein. The insertion (3_f' the leaf blade at t l[f_! u[:t)Fgr
angles of the vein is shown in ? ig(in'e lOtwlll;m}} is :t eprlslotog,,'rf:tph of a thin

-secti midrib magnified about 15 diameters. o )

CP?F?\izecsgmmtla %fh?)toglfaph als’cg) shows in cross-section the principal tissues
of the vein. The epidermis is one layer of small cells aroun(} the ;331ttre
outside of the section. Just beneath the epidermis is the ch.orenc vma,
two or three layers of small cells which appear green m a flesl;ise(,llpn
because Lhey alone contain chlorophyll which gives green color o 1le ]vm'n.
Inside the circle of the chlorenchyma layer is the corter, a broalc ayer
of large, thin-walled cells which constilutes the largest bulk of 1(} \'Ellll].
In the center of the picture is a prominent c[ownward-cur‘veﬂ arch o cp[ s
of an entirely different appearance and structure. This Is the rascufar

and germination of tobacco sced and the developmental anatomy of the

A b ced an
very, George § seadling plant. Am. Jour. It 20: 309-327. 1933

t. 28: 565-56 1933,

——— —— —  Struct nd development of the 1obacco leaf. Am. Jour. Bo' e 1

e Stiﬁtlﬁ:—iﬁ'%pﬂmes t;:) the practice of topping tobaeco plants.  Bot. Gaz. 96: 314-329,
1934,

e L —_—

In the tobacco trede the midrib is commonly referred to as the “stem’. 1 hushtlllelzmczsfs afe fefﬁ?lmi;i.
in cigar factories and elsewhers refers to the removal of the midrib from t ia") . ib i Lot e
anically soeaking. this use of the term “stem’ is incorrect. “Midrib'™ and “midvein
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arch and is functionally the most important part of the vein. Immed-
iately surrounding the vascular arch is a circle of small cells, the pericyele.
Each of these tissues can now be described more in detail.

Epidermis

The epidermis of the midrib is composed of slender, parallel 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 outline with the tapering ends dove-tailing. The
cellz are 200 to 300 microns long by 25 to 60 microns wide. In cross-
section (Figure 12 C) they are somewhat quadrangular. The outer wall
is covered by a thick, water-proof cuticle which makes it appear much
thicker than the other walls. There are no chloroplastids in the unmodified
epidermal cells. Two modifications of the epidermis require special
description.

Frcure 10. Cross-section of midrib stained 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 (Figure 11). As it becomes older, the hairs
are not so noticeable, although they do not disappear. The hairs are
straight—sometimes slightly curved—simple, undivided and vary greatly
in length from 200 microns up tn 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 base of the hair
and the top of the epidermal cell appears thin since it 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 the base upward. At the tip of
most of the hairs there is an enlarged knob—the gland—which is denselv
filled with coarsely granular protoplasm and globules of a brown or greenish
material ;ithat completely permeates, the interior of the cells and also
appearsion the outer surface as a ragged, sticky exudate. Typically,
the apical gland consists of one oval cell—or is divided by a cross-wall
intoJtwo cells. However, glands of three to six cells are not infrequent.
Sometimes ' there are also vertical septa in addition to the more wusual
horizontal ones (Figure 12 F).

Ficure 11. Midrib 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. It remains
on the leaf surfaces during curing but disappears almost entirely during
the fermentation process. Since it could possibly have a distinet influence
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view of the epidermal cells. B. Longisection of epiderinis, chlorenchyma

C. Cross-section of same tissues. D. Cross-section of a stomate.

view of a stomate and adjacent epidermal cells. F. Glandular hairs.
Cross-section of cortex cells.
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white, spongy and filled with 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 loagisection the cells appear brickshaped and are two to four times
as long as broad (Figure 12 B). Except for a thin layer of protoplasm
around the walls, they contain only a watery sap.

L

Ficure 13. AwxaTromy oF THE Mibnin

H. Longisection of the xylem elements. I. Cross-section of an internal phloem area.

J. Cross-section of an external phloem area. K. Longisection of phloem. L. Cross-

section of xylem. Cross-section of endodermis. N. Longisection of endodermis
(all drawn with the aid of a camera 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 endodermis}are
very distinct and differ in size, shape, and other characteristics from
the surrounding cells. In the vein of the tobacco leaf, however, they
differ little from the cells about them and they are not readily distinguished
by position, regularity, shape or size, so that their classification as_ a

* distinct tissne seems almost superfludus. They may be located in cross-
section by the fairly abundant starch grains they contain (Figure 13 M),
and in longisection by the presence of their abutting walls of striations,
known as Casparian strips.

Xylem

The xylem, water conducting tissue, occupies the cenler of the vascular
bundle. In cross-section, the water tubes, lracheae and trachieds,
appear as radiating rows of large, round or somewhat angular, thick-
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.

Ficure 14. Enlarged section of the xylem. Shows rows of xylem
tubes with xylem parenchyma cells between them,

Between the rows of tubes are rays composed of one to three rows
of thimwalled parenchyma cells. The xylem parenchyma cells contain
large nuclei, protoplasm and many leucoplastids. They are shown in
longisection in Figure 13 H. The xylem tubes are of two kinds, tracheae
and tracheids, the former being long, continuous tubes like water pipes,
while the latter are shorter and have diagonal or blunt ends (Figure 13 H).
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 thickenings on the tracheae are either



106 Conneclicul Experimen{ Station Bulletin 391

in the form of rings—like the hoops around a barrel except that they
are on the inside—or in the form of a regular spiral, like a wire Spring.
The number of spirals varies from one to four or five around each tube.
The thickenings on the tracheids may also be rings or spirals, usually
with frequent anastomosing cross members. When the cross members
are numerous it makes the wall appear reticulate. More commonly,
however, the walls are completely thickened except for small dots or
slits which appear transparent under the microscope. Thinner borders
to the slits give the bordered pit effect shown in some of the tracheids
in Figure 13 H.

The xylem tubes are hollow and conlain no nuclei or protoplasm.

Cambinm

Just outside the xylem on the convex (lower) side of the vascular bundle
are several layers of thin-walled, very regular, brick-shaped cells, which
constitute the cambium (Figure 13 J and K). They are filled with proto-
plasm and have large nuclei. While the leaf is growing and expanding,
these cells divide repeatedly and the daughter cells which split off on
the inside are transformed into xylem elements. Those that split off
on the outer (lower) side are transformed into phloem and pericyele cells.

Phicem

The phloem is the tissue that serves for transport of food, which has
been elaborated in the leaf, to other parts 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 the morphology of the
elements that compose them. The phloem areas just outside the cambium
on the convex (lower) side of the vascular bundle are called exlernal,
while the isolated areas on the concave side, not contiguous to any cambium
but entirely surrounded by pericycle cells, are the so-called internal
phloem. An internal phloem area is shown in cross-section in Figure 13 [
and an external area in Figure 13 J.

Regardless of position, the phloem is composed of sieve tubes, companion
cells and some phloem parenchyma cells. The latter are irregular in
occurrence and position and are no different from the xylem parenchyma
cells. All phloem groups studied have regularly about an equal number
of sieve tubes and companion cells. Although 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 guickly
detected by their coarse, granular, deeply staining protoplasmic contents,
and by their Jarge nuclei usually elongated in the direction of the long
axis of the cells (Figure 13 K).

The sieve tubes are usually somewhal irregularly polygonal in cross-
section, larger than the companion ¢élls and rather irregularly arranged
in the phloem, but each sieve tube is always contiguous to at least one
companion cell. They are also not uniform in length 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
sieve plates which are perforated with numerous minute pores arranged
like the holes of a sieve or a household colander. These sieve plates
with 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 usually
not at right angles with the side walls, but are somewhat tilted and
frequently curved upward or downward at the center. The only cell
content is a narrowed strand of protoplasm that stretches from one sieve
plaie to the next through the center of the lumen (Figure 13 K). This
protoplasmic strand widens out to the entire diameter of the lumen at
the plates as shown in the figure. In favorably stained sections, the
strand as it leaves the plate appears {p be composed of numerovs parallel
fibers, as if there were a fiber passing through each hole, and these unite
in the center of the cell to form the strand. There is no nucleus in the
cell. Frequently, however, there is a dark-staining mass of material in
this strand, at or near the plate, which may be a disintegrated nucleus
or the so-called slime plug. The protoplasm of the strand is otherwise
very fine and uniform without granules or plastids of any kind. The
appearance of the phloem elements in longisection is shown in Figure 13 K,
and in cross-section in Figures 13 I and 13 J.
Pericycle

The tissue which is outside the phloem or between the phloem areas
but. inside the endodermis is the pericycle. There are essentially two
classes of cells in the pericycle. The part of the pericycle nearest the
cambium is composed of short parenchyma cells, like the parenchyma
of the xylem and phloem. Also they form a part of the outer pericycle.
The olher class of pericyele cells are much longer and with more pointed,

Ficure 15. Photomicrograph of cross-section of vascular bundie. Shows
the thick-walled pericycle cell in a semi-circle of darkened areas at hottom
of vascular bundle.

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

Afthough 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. Throughout the season we have made
frequent trips to all parts of the tobacco section, have talked with many
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 at 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 in seed-bed (Pylhium debaryanum). A
very few cases were observed but it was not prevalent.

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

Wildfire {Baclerium fabacum) was found in only three seed-beds
and in four fields. In one of the fields the farmer puiled up all plants
and set new ones from a bed not infected. This disease did not appear
again. Total loss to the crop in the Valley as a whole was negligible.

A wildfire resistant strain of tobacco. During the years when
wildfire was a very serious disease here—10 or 15 years ago—the writer
spent a great deal of time and effort in trying to find or develop a single
plant or strain that showed any resistance to this disease. All efforts,
however, were without success. Other American investigators likewise
failed to bring to light any hopeful sign of resistance in American varieties
of tobacco. In 1929, however, articles began to appear in the German
newspapers and journals in regard to a strain of German tobacco
(Amesfoorler) which was claimed to be resistant, the claim being supported
by data on scientifically conducted experiments,

The writer secured a sample of seed of the resistant strain from the
Tabakforschungsinslitul fiir das Deufsche Reich at Forchheim bei Karls-
ruhe through the courtesy of the Director, Dr. J. Koenig. This was
planted in the greenhouse at Windsor and the seedlings transferred to
pots. When they were six to eizht inches high, they were inoculated
with a pure culture of the wildfire organism. At 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 conditions
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for infection. All developed typical and numercus wildfire spots and
there appeared to be no differences in severity of infection between the
Broadleaf and Aresfoorter. No tests were tried in the field.

Blackfire (Baclerium angulaium). This disease was observed occa-
sionally but was not causing measurable loss.

Frenching. This is a rare disease in Connecticut but occasionally
we find a small affected spot in a fifld. Invariably such spots have a
high soil reaction (above 6pH), but in bther respects, soil tests show no
consistent differences hetween affected and normal parts of the same
field. For the first time in our experience, we found this year a case of
frenching in the seed-beds. The plot where this bed was located had
previously been used as a chicken yard. Soil tests showed the high reaction
(over 6pH) and a high degree of fertility with respect to calcium, potash
and magnesia, but a low content of nitrate or ammonia nitrogen. Some
of the alfected plants were set in pots, others in the field. Al quickly
recovered and developed into normal, mature plants.

Black Rootrot (Thielavia 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 observed 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 growth. Whether
the early infection resulted in any ultimate depreciation in vield or quality
could not be determined.

Brown Rootrot. The occurrence of brown rootrot in a few fields
in 1936 could be readily explained. The ficlds had been previously used
for cereals which predispose the soils to this 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 suflicient to wipe out all
expected profit. In the case of the shade fields, it caused considerable
net losses. TFortunately, this season there were only a few, relatively
small fields where tobacco was planted following such cereals.

Mosaic (Virus). This trouble can be 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 mest 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 most and the shade variety least. TIn 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 has attempted to calculate or estimate
the actual percentage loss of the whole crop from mesaic, but such estimates
are so complicated by the differences in severity on different farms, and
by guesses on actual loss when infection occurs at 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.



we Figure 17. Sunburn The young, scorched leaves fail to
recover even when watered, and the tips hang limp.

inch in diameter, quite circular in outline, numerous on a leaf, dark chesinut
brown on both surfaces, without concentric rings {Figure 16). As in
previous years microscopic examination and isolation experiments failed
to show any organism connected with the spots.

Weather injuries. There was no serious hail or wind damage during
the present year and no case of lightning injury came to our notice. During
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theoexcessively 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 nof 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 worthless (Figure 18). ;

Ficunrz 18. Sunburn. The burned areas bleached out cays-
ing distortion of the leaves \

Pole rot (Allernaria tenuis and other fungi). Crops that were harvested
9ar1y 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, II. Vein-rot

The first of a series of articles on this disease was published in our
report for 1935". This second article is a continuation of the first, and
the read_er is referred to the former publication for a general state’ment
of the situation and review of previous work. As stated in 1935, the
first objective of these studies is to make a thorough investigatin;n of
all fungi or other organisms found on affected 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 by different

1 Stadiea on Pole Rot. I. Conn. Agr. Exp. Sta. Bul. 386: 600-607. 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 the curing

period in the shed. On the basis of symptoms, the writer distinguished

three kinds of pole rot: (1) freckle rot, (2) web rot, and (3) vein rot.
The previous article dealt only with the freckle rot type which was found
to be caused by the invasion of fungus, Allernaria fenuis, into the tissues
of the leaf blade. In this second article, he begins consideration of the
type which has been designated as vein rot, popularly known also as
“stem rot”.

Ficure 19. Pole rot. Vein-rot type on cured tobacco leaf.

As its name indicates, this malady affects the veins of the leaf, being
found most often on the midvein, but sometimes on the larger lateral
veins as well. During the curing process, the veins remain alive longer
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than any other part of the leaf, T

he large midrib i i
I ¢ ) especi -
siderable motsture for several we : pecpy retains con

: ure ] eks, and after its cells are weakene
and begin to die, its moist, soft condition makes it a favorable subjec(ii;

of attack for various fungi. Often these fungi grow on the midrib without
causing any permanent damage, especially if the lagter part of the curin

season Is not too prolonged and the midrib dries out quickly J Unde%
les_s f_avorable curing conditions, however, the rot (‘ontinue%ﬁmtil the
vein is soft and decayed and the blade splits away from it when one
attempts to open the leaf (Figure 19), F requent]): the tissues adjacent

Frounk 20. Early stage of vein-rot. White
streaks of Alternaria mycelium on the surface
of the midrib.

to ﬁ]e midvein are alz}o rotted. One may watch the progress of the disease
illl]ei e curing ?hed. [he first symptoms appear after the veins have lost
o dr gr{t_aen color and have turned Lo a straw vellow and often after the
?ﬂ( e of the leaf is cured. Darker streaks or patches, usually somewhat
suf eni_ appear on one or both surfaces of the vein. Soon white, felt-like
tufts of mycelium grow out from the centers of these darker streaks or
enft.:felly cover them (See F i_gure 20). As the disease progresses, the W:‘_lite
tg[]' }fm ecome black, gray, pink or other colors, depending on which species
o Altgus is present. Du‘rmg ‘Lhe presenl year, the writer found species
ernaria, Botrytis, Fusarium, Cladosporium and other unidentified
genera on affected leaves. It is not certain that all of these cause damage.
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Alternaria, the common fungus this year. The most common
one found this season was Allernaria lenuis. Therefore an intensive
study was made of this species and the type of damage which it caused.
The type of vein-rot described below is that caused by Alternaria alone.
Those caused by Botrytis and other fungi are reserved for future articles.
The white tufts of mycelium of the Alternaria gradually turn to gray
and soon afterward to black due to development of spores on the surface.
These spores were studied and measifted and found to be the same as
we have previouslv described for Alferario fenuis'.

Isolations. Numerous isolations were made from the interior lissues
of the midvein: (1) directly under the tufts; (2} on the opposite side
of the rih; and (3) from the edges of the sunken lesions where there were
no surface tufts. Wil the exception of a few that were on the extreme
edge of the lesions, all of these tissue transfers gave pure cultures of
Alternaria. There can be no doubt, therefore, that the mycelium which
can be seen in the inlerior of these lestons is that of Allernaria lenuis.
Bacteria were not present in the vounger lesions. In thoroughly rotted
veins, however, bacteria and other fungi were sometimes found.

Inoculation experiments. In order to prove conclusively that this
particular species of fungus is the cause of this type of pole rot, it is
necessary 1o inoculate curing leaves with pure cultures of the fungus
and produce the disease on {he veins. To isolate Allernaria in pure culture
from 1he interior of the vein is a simple and easy operation; but to inoculate
leaves in the shed under natural conditions and produce the malady
without the complications of other fungi whose spores are omnipresent
on the curing tohacco, is not simple, and as yet the writer has found no
satisfactory method of accomplishing this. However, the following experi-
ment presents very strong evidence of pathogenicity of the crganism,
although admittedly subject to the objection that the conditions were
somewhat artificial.

Midribs from half-cured tobacco were cut into sections about two
inches long and sterilized on the surface in three different ways: (1) by
washing in alcohol and then in sterile water; (2) dipping in alcohol and
then burning the alcohol off; (3) steaming for three (o five minules. They
were then placed on agar plates for several days to see whether there
were still any organisms on them. Those that developed any growth
on the agar, and thus showed that they were not sierile, were discarded.
The third method was successful in sterilizing all, but only about half
the others remained sterile. Those sections thal remained slerile were
then transferred to sterilized test tubes (without agar) and inoculated
on the uncut surface from pure cultures of Alternaria. Others were
left uninoculated as controls.

The fungus quickly spread over the surface of the vein segment and
within a week was found inside the tissues. In ten days the pieces were
soft and rotten and within two weeks when examined under the microscope
all the cells except the central xylem tubes had disintegrated. The entire
interior was filled with a dense tangle of hyphae. Transfers from the
inlerior gave pure cultures of Alternaria. Under these conditions, there-
fore, Lhis organism is capable of causing a complete decay of the vein.

! Spores and myeclinm are illustrated and described in Conn. Agr. Exp. Sta. Bul. 367: 132, and
Bul. 386: 606.
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Penetration of the epidermis., After the spores of the fungus
germinate on the surface of the midrib, there are several avenues by which
the germ tubes might conceivably reach the interior of the vein. They
could easily enter through the stomates which are found an all surfaces
of the veins, although not so numerous as in the epidermis of the leaf
web. The opening of such stomates was found to be 20 to 30 microns
long by 5 to 8 microns wide, when well opened. Since the germ tube
is only 2 or 3 microns in diameler, it could easily pass in through these
openings. It might also pass directly throngh the cells of the epidermis
or through the basal cells of the glandular hairs that are so numerous
on the midribs. Another possibility would be injuries which are inevitable
during the harvesting process.

In an attempt to determine how penetration oceurs, the following
experiment was carried out: A strip of epidermis removed from a leaf
was used to cover a thin block of potato dextrose agar on a glass micro-
scopic slide. A small drop of water containing Alternaria spores was
transferred with a loop to the surface of the epidermis and the slide placed
in a moist chamber. Microscopic examination at intervals for the next
36 hours revealed that the spores began to germinate within two hours,
sending out 1 to 4 germ tubes which branched and grew rapidly over
the surface of the epidermis. The stomates were mostly tightly closed
and the germ tubes passed directly over them. 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 fenuis found that in producing Lhe
leaf spot of tobacco which they were investigating, the germ tubes usnaily
passed through the stomates but sometimes directly through the enidermal
cells or through the basal cells of the hairs.

Mycelium inside the tissues of the midrih. Progress of the
mycelium of the fungus through the tissues of the midribs was studied
by free-hand razor sections and by stained microftone sections.’ All
parts of the midrib down to the central arch of xylem elements were
found to be mvaded and in ove 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 hyphae 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 collenchyma 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 hyphae 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, stiffer walls, keep their shape much longer
without collapsing. (See Figure 21 A). As the lhiyphae advance into

! Tisdale, W, B., and R, F. Wadkins. Brown spot of tobacco caused by Alternasia fongipes. Phyto-
path. 21: 641-660. 1931.

Tobaceo Diseases in 1936 117

jssues, they first push between the cells. In doing so they
E:?]ig: etIEFe}‘ igtsesrcellu]aryspacespl.mt they are also able tc;ﬁ'lor%e hhelrl\\zﬁy
between cells where there are no intercellular spaces, probably by ]Sioddecgl
the middle lamella. In a tﬁans-sec!;éﬁn, t!}iee l%g-pl}:ﬂl(; ea}ialtl)ia;rr dmxjn 5) ed
i 5, causing the walls on either s : .
mi};i ‘z)?“:l,le cells.g(See Figure 21). But soon hyphaeb pass_dm::etl}r
into and through the lumina of the ce]ﬂs (Figure 21 A)h tﬁco:nu]]é fmrr%
much constricted at the points where they pass throug e e w;a JTrom
one cell to the next. The hyphae are very irregular in diameter, vary

; _ . = har
ing from 1.5 microns up to 15 microns (usually 3 to 7 microns), inshape

irecti i | belobose cells that we have
and direction, often forming the large su gl{lgaline ol i) w0 gove

described in previous reports. The hyphae are I i
gfznu]ar proi%plasm that stains deeply with the various stains ucfedo. St’l:.[l‘(ljle
cells of the host contain very little protoplasm at this time and n ¥
was made of the effect of the invasion on the cell contents.

Fic 91 Myeelium of Alternaria in the tissues af the midri
.\].N'I‘:nEtho phloz.:;\ slmd camtium. B. Tn the collapsed cells of
the cortex.

i i i filled
he hyphae continue to branch and spread until the tissues are

wi’tIl:l therbgf As stated above, in the early stages of invasion the cell walls
of the host remain intact except where spht apart by the hyphae passg{xig
between them. As the mycelium in the tissue becomes more concentrated,
however, the walls begin to swell (gelatinize) until they are many tmlu;s
their original thickness. Numerous lamina become visible during ﬁt'l:ls
process and the swollen wall substance_}?ecomes ‘more and more {azp led,
taking the stain ever less deeply. This disintegration process, or gie atiniza-
tion, continues until all the tissue is reduced to a thin, fOl‘]:]l ess Imass
of slime in which the dense, tangled weft of hyphae is imbedded.
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BROADLEAF FERTILIZER EXPERIMENTS
J. 8. Owgns!

Until the initiation of this series of experiments in 1930, the then recent
studies of the fertilization of stalk tobacco were confined almost entirely
to the Havana type and were conducted at the Tobaceo Substation at
Windsor. The studies with Havana suggested several rather definite
conclusions which were accepted by many growers of that type. While
it was reasonable to assume that similar resuits would have been secured
had Broadleal tobacco been used and the experiments localed 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 good crops seemed so well established that no varjations were marle
in the polash treatments. The amountis and sources used were intended
to be sufficient for normal requirements.

In the case of nitrogen, which makes up a large part of the cost of
tobacco fertilization, four treatments were planned with important relation-
ships 1o economy. Two of these were to compare the relative merits,
about which there has been much debate, of large proportions of cottonseed
meal and castor pomace. Another concerned the use of urea, a lower
cost nitrogen carrier which had just become an important commercial
source. The fourth employed 150 pounds of nitrogen per acre, instead
of the usual 200, seenred from a mixture of materials commonly used.

Trials at Windsor seemed to leave no doubt that more plosphorus
is used on land which has been in tobacco for some time than is needed
to raise Havana, In fact, the quantity of phosphorus furnished with
the organic materials generally used to supply nitrogen appeared to be
safficient on soils in which there was a large accumulated reserve.

Four quantities were applied in these tests. T hey varied from that
supplied by coltonseed meal alone (50 pounds phosphoric acid per acre)
to an amount (300 pounds per acre) far in excess of that used even with
liberal fertilization. \

The first series of plots was laid out on the farm of I arry N. Farnham,
East Windsor Till, 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 show cousistent response to the treatments. Root
rot infestation added to the irregularities. Hail destroyed the crop near
harvest time aud neither yields nor valuable observations were secured.

The following spring, the experiment was transferred to a seemingly
more uniform piece of land on the farm of Frank Roberts, Kast Hartford.
The 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 good tobacco Jand. It had been in Broadleaf
tobacco for many years before this 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 setling the tobacco. The barley was a good protection
from erosion but did not, grow as large as it does on soils which hold
moisture better.

! Profesior of Agronoemy, Extension Service, Connecticut State College, Storrs, Conn.

The trealments and results for 1931 and 1932 havehb(f;!:_t:?gﬂl;ﬁﬁ
reviously’ but will be summarized here. The plots, eic one-twentioth
gcre in size, were arranged in three series. Hre:;]cei t'ei;fonen e
{reatment was repeated on Lhree separate plots. The low 1} : t\:"o i
tions started in 1932 were anf_c)l(fleptlon, there being only
e east side of the field. . . -
pk')lt‘;iea;l&ls with coitonseed meal as tk}e chief source of nitrogen recerv

the following:

Nutrients per Acte

Materinls por Acre Pounds N {"z::s };280 R’;i“
Cottonseed meal 2423 160 V2 — =t
Nitrate of potash 205 40 =
Sulfate of potash 45
Precipated bone 73 28 .
Magnesian limestone 7 _ _

Total T 2907 200 w200 a8

The high castor pomace plots were different only inlthat 3,2(1)3 8?;“1128
of castor pomace were used in place of cottonseed meal to ﬁlplfl)ﬂ o e
pounds of nitrogen, the remaining 40 pounds of nitrogen being sup

itrale of potash. i v
by’[‘%:aeort].llwtgl? r:)itroggn source plots included 220 pounds of urea to supply

100 pounds of nitrogen or cne-half og 1’1“ the Idlitrgég:nécrghe remainder
ied by cottonseed meal, 1,515 pounds pe :
wz}f‘hsélﬂ)\!\:egitrggen formula and approximate nutrienl content wer¢ as

follows:

o Nutrients per AcreK m Mg
Materials per Acre Pounds N 1205 ;6 3

Cottonseed meal 1.3¢0 86 39 2

Urea 75 35 s

Nitrate of potash  ~ 240 32 771

Sulfate of potash 150 s

Hydrated lime 70 “

Precipated bone - 71@_ g

Total T 1,905 153 103 205 :

i i kept at the
s i each of the nitrogen test plots was
mﬁgﬁmp?gfgho%rliﬂo pounds phosphoric acid per acre and the potash at

tash. i .
20(1)112?1:!;}?053310rus series the plots with the lowest quantity of phosphorus

received the following:

T Nutrients per Acre

Materials per Acre Pounds N Poly K:;S .\‘[1g7()
Cottonseed meal 1,749 114 50 5
Urea 100 46 "
Nitrate of potash _ 295 40 .
Sulfate of potash 72 D ”
Magnesian limestonc 100

37
Total 2,307 200 50 2080
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smaller ones are consistent with the averages. The only appreciable
change in the grade index was for the 200 pounds of phospheric acid.
There are no indications that the 300-pound treatment was superior
to the 200-pound and possibly not to the 100-pound.

It now seems probable that the high acidity which existed throughout
the experiment was a disturbing factor, affecting the availability of the
phosphorus in particular. A scarcity of caleium would cause the phos-
phorus to combine with iron and aluminum, making relatively insoluble
compounds.

Lime was not applied at the begianing, 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 acidity. The reactions varied from pH 4.6 to pH 5.2 with most of
them around pH 5.0 and no apparent correlation to the treatments. In
the spring of 1936 the acidity was higher again, pH 4.5 to pH 4.8, but
the nitrate nitrogen was high at the time of sampling, making the acidity
temporarily very high.

As might be expected with a coarse textured soil cultivated frequently,
the organic matter content was low, around 3 to 4 percent, and an increase
of ahout .5 percent from 1932 to 1936,

Conclusion

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. The slight difference in yield was in favor of the
castor pomace.

A fertilizer mixture containing urea to supply one-half of the nitrogen
and the balance from cottonseed meal gave yields oaly a little lower
than the high castor pomace mixture and only a slight decrease in grade
index. These good results seem Lo indicate that urea can be used to
supply one-hall of the nitrogen, a practice that wil usually mean an
appreciable saving.

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

Under the conditions of this experiment, 50 pounds of phosphoric
acid per acre were not sufficient. There is so little increase in yields for
heavier applications that it is probable that with less acidity the 50-pound
or 100-pound application of phosphoric acid would have been sufficient.
Many fields used for Broadleaf have less acidity and more reserve phos-
phorus than this one, consequently they do not need more than 100 pounds
of phosphoric acid per acre.

Iinally and probably most imporiant of all, this series of tests shows
1o serious contradictions to the more exhanstive experiments with Havana
at Windsor. Thus Broadleaf growers may safely use results from the
fertilizer tests at Windsor as a basis for their own practices.

Broadieaf Fertilizer Experimenls



