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A STUDY OF THE EFFECT OF TEliPZ.'1ATURE OH THE GRO':TTH OF SMALL 

GRAINS IN THE GREZNHOUSE. 

Introduction. 

Of all the field crops under cul ti va tion, the cereals 

no doubt are the most important ones. They are probably grown on a 

larger scale than any other crop, with the exception possibly of the 

grass and forage crops. They are the staple crops of the world and 

~erve as the main source of food for practically all nations. In 

America the corn, wheat and oats are most important, furnishing the 

main source of food for m~?-n and beast. In Europe wheat, rye, and 

barley sustain the hundred of millions of people, not th mention the 

use of barley in the brewing industry. In China and India hundreds 

of oillions depend upon the rice to furnish their daily bread. In 

the wilds of Africa even the savages grow their kafir corn or durra 

to keep them from starving. The present treatise shall deal only 

with the four most important small grains, namely, wheat, ry~, oats, 

and barley. 

The wheat plant is of vast economic importance ·and 

very widely distributed over the civilized world. It is about as 

old as the human race. Its cultivation is much older than the 

history of man. very ancient monuments show that its cultivation 

was practiced. at a very early date previous to Biblical times. In 

the stone age it was grown by the lake dwellers in Switzerland, 

though less perfected than today. The Chinese grew wheat 2700 B· c. 
and regarded it as. a gift from heaven. The original home of the 
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wheat is not known with certainty. The fact that a good m~~y differ

ent names for it have been in existence in ancient lanP."ua;r:as lndicates ·._; v 

that it has been widely known in ancient tirr:es. De Candolle believes 

that the Euphrates Valley has been its principal habitation. Chinese 

scholars believe it to be a native of China. Its adaptability to 

many different climates and soils helped very 1.:nuch to spread its cul ti

vation. 13esides, it is easy to grow and to prepare and yields good 

returns of a nourishing food. All these qualities were apt to make 

it a favorite with mankincl. In the United states the area devoted to 

wheat growing has :increased from 18,992,591 acres in 1870 to 47,305,829 

acres in 1906, and at the present time the United states leads all 

countries in wheat production. 

Of less importance than the whe&t is the rye for the 

world at large, while in certain localities it supplants the wheat 

and forms the rnt.J.in substance of food. While the culture of rye is 

not as old as that of wheat or barley 1 t is more than tv·1o thousand 

years old. According to A· de C&ndolle its original home was be-

tween the Austrian l'.lps and the Kaspian sea. It was un'Y . .nown to the 

Greeks, while Homan writers at the time of Pliny mention it as a 

new plant, grown in barbarian countries that were conquered by the 

Romans. It probably was cultivated first in the cool northeastern 

Europe. Rye seems to be decreasing in its economic irnporta..."1ce to 

the vvorld. In warmer climates wheat and bbrley have taken its place. 

Its greatest use has always been in the northern countries, and today 

it is used to a very considerable extent in northern Russia. Soandi-

navis., northern Germany, and also in Canada, sometir:J.es even to the 

exclusion of wheat. In the United ...: tat es the a.nnual pro due ti on ha.s 

been less than twentJ nine million bushels. It is zrown largely 

for pasturing and :for its straw. 



Oats were of less importance to the early inhabitants 

of the earth than wheat, rye or barley, consequently we find no 

early references to oats. They were not cultivated by the ancient 

Egyptians or the Hebrews, nor by the Greeks. Also no records are 

found of them in the literature of China or India. The fact that 

prac tiaally all the important oats producing countries lie in the 

temperate zone seems to indicate that oats mu.st have orifjinated in 

the northern temperature countries. Russia, Norway, Sv:eden, Ger-

many, Canada, and the northern parts of the United States &re the 

great oat producing regions of the world. They are grown to some 

extent also in Australia <;.nd even in Africa. Runsia l'roouces by 

far the greatest ar:1aunt of oats. Of the 2,342,015,000 bushels of 

oats produced in Europe in 1904, Russia furnit>herl 1,065,088,000 

bushel:3, Vvhile North America produced. 1.097,423,000 bushels. The 

Russian varieties are of a hieh grade and Eire quite extensi,·ely 

~rown in America. Oats have been grown in America ever since the 
~ -
arrival of the first \>,'hite settlers. They were grovm on the Eliza ... 

beth Islands in 1602, ariel in Massachu.set ts Bay in 1629. Oats are 

used chiefly as food for horses, but are also desirable for c~ttle 

and sheep. Oats are the most nutritious of cereals for human con-

cumption. Oatmeal is used on a large scale, particularly for break-

fast food. 

The culture of barley is about as old as that of 

wheat. 3oth were used l1revious to any records ha11cled dov;n to us. 

It was used in ancient ~gypt as a food for mu.n and for beast, and 

also used for the manufacture of beer. Its use us a bread plant 

was quite universal throughout the civilized courltries of Europe. 

Asia, and Africat until it finally was re1)1acecl by the better grains 



-4-

!or bread making. The introduction of the potato as a field crop 

also helped to reduce the use of barley.· It is now used only to 

a limited extent for human consuMption. Its main u.ses are as an 

animal food and for brewing purposes. Russia, Ger~any, snd Austria

Hungary are the main barley producing countries of the world and 

prod~ce about two thirds of the total yield of Europe and Asia com

bined. In the United States barley ranks fourth in the production 

among the cereals, but is of much less importance than wheat or 

oats or corn, its aoreage beine only one twenty-fifth of that of corn. 

The Problem •. 

About two years ago the writer started a cross breeding 

experiment v.1 th wheat and barley in the greenhouse of the Virginia 

Agricultural Experiment Station. The experiment proved a failure. 

The plants came up and headed out, but, particular~y in the wheat, 

it could;-: .. ~ be noticed that the ple.nts were not in a very strong 

and healthy condition. The stems were soft and required support 

while the heads appeard as long drawn out spindling s~ikes. The 

anthers were of very minute size and about one tenth of the size 

of those of healthy plants erowing outdoors. Out of about one thous

and individual flowers, emasculated and cross-pollinated, only about 

four shrivvlled up grains were secured, some of which germinated but 

had not vi to.li ty enough to mature any ·seecL The plants were growing 

in the greenhouse during late spring and summer, and as the green

house was not whitewashed, aver~ tropical temperature was the re

sult. This high temperature, connected with repeated attacks of 

red spiders and green aphis, was considered by the V'iriter as the 

main cause of the failure. The barley, Vlhich ripened about tv:o 

months earlier, did escape the injury of the heat this year, but the 
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followin5 year it was almost coopletely ruined by the heat, only 

the hooded varia ty and a few single heads of the other varieties 

producing erain. A large percentage of the plants never headed 

out at all but produced an enormous quantity of stools. As a con-

sequence the whole experiment had to be abandoned. This experience 

suggested the idea to test the effect of different temperatures 

upon the growth of small grains in the t;reenhouse. 

J!a teriu.ls Used. 

It was decided to use besides wheat and barley also 

oats and rye in order to include o.ll important small grains. 

Wheat, Triticum sati vum, belongs to the Gramineae or 

grass family. By nature it is an annal.plant. It belongs to the 

tribe Hordeae, ~hich is characterized by many flowered spikelets 

which are arranged altern9.tely at the joints of the zigzag jointed. 

stem o~ ro.chis and thus fore a spike. Each spikelet is formed by 

three to five flowers which are enclosed within t~o chaffy hard 

parts, called the outher glumes. Each flower consists of ovulary, 

two styles and stigmas, and three stamens, enclosed in the pulea 

and flowerin0 glume, two chaffy scales. The flowerine glume bears 

also the awn Which is of different length in'different stems or 

may be wanting. The number of flowers maturing seed varies greatly, 

two or three being the average production per spikelet. The wheat 

grain is a dry, inclehiscent, unilocular fruit called a caryopsis, 
. 

which is longer than broad and h~s a deep furrow on the side oppo-

site the embryo. The stems of the wheat plant are usually hollow, 

but may, in certain varieties, be filled more or less with pith. 

The inter-nodes are at first short but lengthen out \\hen the plant 

begins to shoot and the stems get from 2 to 5 feet long. The leaves 

which are at first bunched, become scattered along the stem • 
.. 
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EarleJ, Hordeum sativum, belongs like wheat to the grass 

family and is also an annual cereal grain. It belongs to the tribe 

Hordeae and differs from wheat by the spikelets being one flowered 

and by having more than one spikelet at the joint of ~ach rachis. 

The barley plant has ve~y much the s~~e appearance as the wheat. 

It does not grow quite as tall as a r~le. The spikelets are one

:lowered, as mentioned above, and sessile, forming a spike. The 

outer glumes are nearly awl shaped. The palea adheres to the fruit 

and the flowerin3 elume is prolonged into a stiff beard, 6 to 8 

inches long, v.i th barbed edees ~ There are three spi kele ts at each 

joint of the rachis, and three stamens and a pistil with two stig

mas in each flov.-er. The grain remains enclosed in the flowering 

glume and palea at ripening, which are called the husk. The ker

·nel removed from the husk or hull is somewhat si rnilur to the wheat 

grain, with a furrow on the side opposite the embryo. The ::rains 

are nearly as broad as long and pointed at one end. There are two

rowed, four-rowed, and six-rowed varieties according to the arrange

ment of the perfect spikelets along the spike. The stalks are very 

much like those of wheat, but shorter. 

The oat plant, Avena sativa, belongs, like the preceding 

species, to the Gr~~ineae, and to the tribe Avenae, which differs 

from the Rordeae in having the inflorescence in panicles instead of 

spikes. The stems are larger in di~er than those of wheat and of 

a softer tissue. The height varies from two to five feet. The 

blade is slightly broader than in \"iheat. The panicle contcins from 

three .to five whorls of branches and may carry up to seventy five 

spikelets. The branches are arranged al ternutely &..long the rachis 

and vary, thus produc~ng different types of panicles. The spikele·t 
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contains from two to five flowers, but only two, and some times only 

one, mature. The outer glumes are large and menbranous. The awn 

is on the back of the flowering flume, if any awn is present. The 

reproductive organs are similar to those of wheat. In the grain 

the flowering glume and palea form a hull attached to the kernel 

except in hull-less varieties. The kernel is similar to that of 

the wheat, but more elongated and the surface of the pericarp is 

hairy. 

Rye, Secale cereale, belongs like wheat and barley to the 
I 

grass family and to the tribe Hordeae. Its close relationship with 

those two cereals can be easily seen. The oulms of rye are longer 

than those of wheat, and also tougher. The s pi kele ts are as a rule 

two-flowered and both flowers develop about equally, E;"i ving a fairly 

unifor1l1 four-rowed spike. The flowering elune is awned and strongly 

barbed. The spike is lonser than in the case of wheat. Also the 

lower spikelets are fertile. The reproductive orguns a.re very simi

lar to those of ~heat, the anthers however, are a great deal larger. 

The ,;_;rain is more slender and slightly longer than a v/heat grain, 

and the grains are partly exposed in the spikelet. The longitudinal 

furrow is much less marked than in the whea. t grain. 

For the present experiment the different species were sown 

in a number of four inch i.Jlay pots. The plants were divided into 

four groups. The first group was planted in the tropical e-reenhouse 

and kept there at a temperature as high as possible. The second 

group was planted in a greenhouse of slightly lower teoperature. The 

third group was grown in a greeriliouse at a still lower temperature, 

while the fourth and last fToup was ~ept at the lowest possible 

temperature. Each group consisted of four series of four pots each: 

One series of four pots of wheat, another series of four pots of rye, 
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a third series of four pots of outs, and a fourth series of four 

pots of barley. Thus there ~ere four pots, sown with one of the 

species each, in every greenhouse, or sixteen pots al toeether in 

each group of pots. Only seed of one variety of each species was 

sown into the pots. A nwnber of grains were planted in each pot, 

and after the seeds had come up, all seedlings except two were 

pulled. out and only two plants allowed to grow in each pot. The 

pots were all plunged into the Breenhouse beds except the pots in 

the coldest house, as there were no greenhouse beds in that house, 

but the pots were kept on a truck. The moisture conditions were 

kept as even as possible in all groups and, as much as possible, 

all other factors were eliminated that miE<ht influence the result 

of the experiment. A record was kept of the development of the 

plants and also of the temperature in each house from day to day. 

In order to get an account of the temperature, as close us possi

ble, the temperature was read four times a day except the first 

few days of the experiment ','7hen it \'.ras read three times. The 

first reading was mude betv;een seven and eight o'clock in the 

morning, the second bet'l'een one an;1 tV'o o'clock in the afternoon, 

the third between five ano. six o'clock, and the last one about 

ten o'clock at night. Thus a fairly good average was reached, 

though not as good as with a recording ther:nometer. Two recording 

thermometers were run for some time in two of the houses but later 

abandoned as there were not enough to supply all four houses, and 

the records would be incom~lete without ~1 groups being represented. 

The ter:1perature was regulated as much as possible by steam heat, and 

by the r~tfen!n:g of the ven ti la tors, but it was impossible to get 

very uniform temperatures ov;ing to other experiments interfering to 

some exton t. 



There seems to be very little work done along the lines · 

of this experiment, at·least no reference dould be found with re

Bard to anything of this nature with the exce~tion of one or two 

bulletins dealing with the burning of plants like lettuce and similar. 

vegetables by the sun in the greenhouse. 

The Exneriment. 

The seed was planted in the greenhouse on the twenty first 

of December, 1915, &nd the pots arranged in the different houses. 

There was not very much difference in the time of comine up of the 

. plants. The wheat and rye came up in the first three houses on the 

twenty eighth of December, and the oats and barley came up in the 

same houses on the followine day, the twenty ninth. In the coldest 

house the seeds all car.ae up on the thirty first of Deoember. As 

soon as the plants were well established all except two in each pot 

were· p~lled out. On the seventh of Jcnuary the plants were measur-
, 

ed to compare their growth up to that time. The height of the eight 

plants in each set was as follows: 

House 1. High Temperature. 

Wheat Oats Ba.rle'l. Rl.e 

9 7/.8 d.nohes 6 7/.8 inches 7 7/.8 inches 6 3/.4 inches 
9 1Z2. 6 3/4 8 5Z8 5 3/4 
9 5Z8 6 5 1/4 6 

10 1Z2 7 9 
1i4 

8 
10 1/2· 6 1/.8 9 10 5/8 
11 .5 3Z4 9 1Z8 6 7Z8 

9 5/.8 6 3/4 6 3/4 7 3Z8 
11 1/4 7 7 1/2 7 1/8 



Wheat 

7 1/.4 inches 
6-1/.8 
7 7/8 
9 1/8 
7 7/.8 
7 7/.8 
7 3Z4 
8 1/4 

Wheat 

5 5/.8 inches 
6 1/8 
7 
6 3/4 
6 3/.4 
5 3/.4 
7 3/.4 
6 5/8 

Wheat 

3 1/2 inches 
3 3/4 . 
3 5/.8 
3 3/8 
3 '!1/8 
4 1/.2 
3 1Z4 
3 1/2 
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House 2. Medium hiph temnerature. 

Oats Barle;r 

6 7/.16 inches 5 7/.8 inches 
5 7/.8 5 1/.8 
3 3/4 7 1/.2 
6 1/.2 6.3/4 
4 1/4 7 1/.4 
6 1/.2 5 3/.4 
6 5/16 5 3/.4 
6 6 1/4 

House 3. Medium low temperature. 

Oats 

5 3/4 inches 
4 1/.2 
3 1/.2 
4 1/4 
3 
3 1/2 
4 5/8 
5 

Barle;r 

5 3/8 inches 
5 3/.1-6 
4 3/.8 
5 3/.8 
6 5/8 

6 3/4 
5 1/2 

6 1/2 

House 4. Low temnerature. 

Oats 

4 inches 
4 
2 1/2 
4 
3 1/.8 
3 5/.8 
2 1'/8 

3 5/8 

Barley 

2 5/8 inches 
3 
2 5/8 
3 1/.4 
3 1/.4 
3 1'/.2 
3 1/.4 
2 1/4 

Rye 

5 3/.8 inches 
5 3'/.8 
4 1/.2 
5 7/.8 
6 1Z2 
5 3/.4 
5 3/.4: 
5 l/4 

R;re 

2 1/2 inches 
5 1/.4 
4 3/.4 
4 1/.4 
4 3/.4 
5 3Z8 
6 5/.8 
3 7/8 

Rye 

3 7/8 inches 
3 7/8 
3 5/.8 
3 1/.2 
3 1/.2 
3 7/.8 
3 5'/.8 
4 1'/4 

It is easilY, seen that the plants· in the hot house went far 

ahead of those in the cold house and were about twice as high. They 

grew very luxuriantly and began to stool out·very soon and to pro

duce a large number of stools. In the houses of medium temperatures 

the growth of the plants also exceeded that of the corresponding 

cooler houses, and thus the two warmest houses produced a rather 
. 

rank growth of leaves and stools while the cooler houses produced 
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a moderate amount of stools. particularly the rye and tr£ barley 

produced an enormous numb9r of stools in the first two houses 

while the wheat produced less and the oats only a few_stools. The 

oats were the first plants to produce heads in the warm houses. 

They began to head out in the first two houses on the seventeenth 

of April •. On the same day the rye began to head out in the cold

est house and the following day in the third house, next to the 

coldest house. On the twenty fifth the rye beean to bloom in the 

two cooler houses and by the second of Eay it was in full bloom, 

all the anthers havine been rmshed out. In the third house the 

oats began to head on the twenty fifth of April, and also one 

plant of rye in the hot house began to head the same day. The fol

lowing day the oats in the two warmest houses began to bloom, 

while the wheat in the third house began to head the same day and 

to bloom the twenty eiehth. At the latter date the wheat in the 

third house started to bloom, while the ryi started to head in 

the second house. The next day the oats in the third _houoo started 

bloomine·. On the sec and of 1Jay also the burley and oats in the 

coolest house began to head out, v.hile the next day the woo at in 

that house ~as~in blooo. The sinele head of rye ~roduced in the 

first house started. blooming the third of Uay and by the fifth 

the barley in the coolest house was blooming. The ~heat in the 

first house did not head until the tenth of Hay, while the barley 

in the third house head~d the same day. The twelfth of l.:ay pic

tures were taken of the different groups which clearly showed the 

difference in development of the plants, ~nd are shown in the 

appendix. The fifteenth of Hay the wheat in the second house 

was heading and it started. blooming the following day. However, 

it had not finished heading by the twenty seventh but was still 
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coming out. The same thing was true with the wheat and the rye 

in the first house. There was a ereat irregularity in the head-

ing of rye and v;heat in the tv;o w&rmer houses. The barley had 

not headed out in either one of them, except e few heads in 

house number t~o, nor did it look like it was eoin~ to head out 

in the first house at all. It produced simply an enormous mass 

of s toolz forming a dense growth all over the IJOt. The oats in 

the second house were nearly ripe the twentieth and completely 

so the twenty seventh, while in the first house one oat pl~nt 

was ripe on the twenty fourth, and at the twenty seventh about 

half of the oats were ripe. Host of the Vvheat in the third 

house was ripe on the twenty seventh, and also the oats and 

a few heads of the rye. The barley was still heading out and 

blooming. In the coldest hoase a few heads of the oats, barley 

and wheat were ripe and. the rest of the grain was very nearly 

ripe. For convenience and clearer understanding the results 

are given again in tabulated form. 

House 1. 
Wheat Oats Barlel Rye 

Da. te of 
sowing. Dec. 21 Dec. 21 Dec. 21 Dec. 21 

Date of 
coming up It 28 " 29 " 29 " 28 

Date of 
heading ua.y 10-27 Apr. 17 Apr. 25 -

Mc.y 27. 
Date of 
bloor:::ting Hay 13-27 Apr. 26. Hay 3 - 27 

Date of 
ripening May 24-27 
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House· 2. · 

·Wheat Oats Barley Rye 

Date of sowing Dec. 21 Dec. 21 Dec. 21 Dec. 21 

" of cooing·up " 28 " 29 tt 29 " 28 

" " heading !lay 15, Apr. 17' May 24-27 Apr. 29 

" " blooming l!ay 16-27 Apr. 26 May 26, May 1 

" " ripening May 24-27 -
House 3. 

Wheat Oats Bc:..rlel Rye 

Date of sowing Dec. 21 Dec. 21 Dec. 21 Dec. 21. 

" of coming up " 28 " 29 " 29 " 28 

" " heading Apr. 26 .Apr. 25 l!a.y 12-20 Apr • 18 

" " blooming Apr. 29 Apr. 29 May 15-20 Apr. 25 

" " ripe:1ing Hay 27 Us.y 27 May 27 

House 4. 

Wheat Oats Barley Rye --
Date of sov:i ng Deo. 21 Dec. 21 Deo. 21 Dec. 21 

" 
" 
" 

" 

of coming up " 31 " 31 " 31 " 31 

" heading :uay ') hl&y 1 l~ay 2 Apr. 17 ... 
n blooming uay 3 ME~.y 5 M&y 5 l.!ay 2 

n ripening 

On the twenty sixth the pl~nts were all counted and 

measured and notes taken on them for the final result. The results 

are given below. The number of stools includes the stems, and 

the length of the stems :Ls the length of all those s ter::s that pro

due ed he ads. Those stems that had not headed out yet were not · 

measured. The number of stools includes only those that were 

still green at the time notes were taken. 
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House 1. 

RYE 

Plant no. of No. of Length Average Length .Average 
Number stools heads of sterns length of . length of 

of stems heads heads. 

1 6 4 46" 5" 
45" 34.75" 3-a" 3.94" 
13" 2i" 
35" 4 " 

2 72 0 0 0 0 0 

3 20 1 20i" 20.5 " 5" 5" 

4 19 1 25~" 25.75" 5" 5" 

5 50 0 0 0 0 0 

6 26 0 0 0 0 0 

7 12 2 16t" 26.75 5" 6" 
37" 7" 

8 29 1 43" 43.00 4" 4" 

Average number of stools per plant, 29.25 
" " " heads " " 1.125 
" length of stalks, 31.3 inches 
" " " heads, 4.64 " 

no plant was ripe on M&y 27th. 

WF..EAT 

1 14 I 26" 26 inches 4" A" 

2 8 0 0 0 0 0 

3 5 0 0 0 0 0 

4 9 0 0 0 0 0 

5 18 1 35-~" .. 35.75 4" 4" 

6 5 1 46" 45.00 6" 6" 

7 4 2 29" 34.5 3t" 4.125" 
40" 4-a-" 

8 7 2 3~" 33" 5" 4" 
27!"· 3" 

Average nur::~ber of stools per plant - - 8.75 
" " " heads " " .875 
" length of stalks, 35.05; heads, 4.425. 
llO plant was ripe on r~u.y 27th. 
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Oat a House 1. 

:Plant No. of No. of Length ·Average LenBth Average 
No. stools. heads. of sterns. length of length of 

of sterns. heads. heads. 

1 5 .5 30-.." .. 6" 
38" 7" 
35" 34" 7" 7i"· 
36" 8" 
31" 91..» 

~ 

2 13 15 37" 7~" 
33" 9" 
13" 24 1/8" 2"·" 5.9" 
31". 2~-" 
6-t" 8" 

3 12 8 12i-" 3" 
29" 4i-" .. 
31" 2" 
18" 22 1/4" 2" IX-" 
19l" 

(. 

6" 
40" 11" 
14l" 6" 
13" 12" 

4 10 4 26t" 7" 
30" 28 1/2" ~" 6 1/8" 
27" 61" 
30i" 6t" 

5 7 2 26" 25" 6" 51" 
24" 4.l.." ~ 

6 4 4 35" 9*-" 
37" 36" 9.l" ~ 

28" 12" 9" 
44" 5" 

7 2 43" 37t" 12" 9" 
32" 6" 

8 14 7 44!" 5" 
31" 9" 
31" 6" 
37" 36 1/3" . 13" ·8" 
39" 10" 
28" 6" 
46" 7" 

Averaee number of stools per plant - 9 In Plants Z and 3 all - heads were smutted, in 

" " " heads " " - 4.625 Pl&nt 6 two heads were - smutted. Of Plant 6 

" length " stalks - 30.46" three heads were ripe - and of :Plant 7 one head 

" " " heads, 7 1/8". was rip~ on Ma.y 27. 
I 
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House 1. Barley. 

Plant !lo. of No. of Len~th of Average Length of Average 
No. stools. heads. sterns. length heads. lengfu 

of stems. of 
heads. 

1 65 0 0 0 0 0 

2 59 0 0 0 0 0 

3 36 0 0 0 0 0 

4 34 0 0 0 0 0 

5 42 0 0 0 0 0 

6 84 0 0 0 0 0 

7 30 0 0 0 0 0 

8 36 0 0 0 0 0 

Average number of stools :per plant, 48.25 

No plant was near heading- on May 27tp. 
H 

House 2. Rye. 

.Plant No. of No. of Leneth of Averaee Length of Average 
No. stools. heads. sterns. length heads. length 

of sterns. of 
heads. 

1 8 2 35!" 37-l-" 3-~" 4 1/8" 
39l" 4t" ... 

2 10 1 37" 37" 4~" 4-i" 

3 3 l 50~-" 50~" 4!" 4~" 
'* 

4 3 2 20t" 31.;" 
"' 

5-i" 5~·" 
43" 

5 6 3 39" 5" 
34t" 42!- " zt" 4 J/ 3" 
54" 5~:r'' 

6 2 1 4lt" 4lt" 51,_" 
2 5.1." 10: 

7 6 1 44" 44" 4~" ... 4~" ·l 

8 2 2 39~" 40 3/8" 5" 5.1." 
411-" 

2 
6" 

Average number of stools per plant, 5. 
" " " h~ads " " 1.625 

" length of stalks, 40.65 inches; of heads, 4 1/4 inches. 
!JO .Plant was ripe on May 27th. 
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House 2. Wheat. 

Plant No. of uo. of Length of Averu.ge Length of Average 
no. stools heads. stems. len~th heads. length of 

of sterns heads. 

l 8 3 27" 3" 
26t" 30 l/3" 4" 3 l/3" 
37-a·" 3" 

2 8 2 21~" 28 5/8" 3t" 3 1/4" 
35!" 3'' 

3 8 l 36" 36" 3i" 3 l/2" 

4 9 1 29t" 29-f" 3t" 3 l/2" 

5 5 l 37" 37" 3t" 3 l/2" 

6 7 3 36" 4" 
27t" 28" 2.1.." 3 " 
20l" 2l" 

7 10 1 31.;." .. 3l~clf 3l" 3 l/2" 

8 9 2 30". 30~tl 3~" 3 l/2" 
31t" 3!" 

Average number of stools per plant = 8 
If " " heads " If - 1~ - .. " length " stalks, 31.48 
If " If heads, 3 3/8" 

Uo plant was ripe on M&y 27tl;l. 

BA."TUJ~Y 

1 1'1 0 0 0 0 0 

2 13 0 0 0 0 0 

3 24 0 0 0 0 0 

4 44 0 0 0 0 0 

6 25 0 0 0 0 0 

6 39 0 0 g 0 0 

7 13 0 0 0 0 0 

8 16 0 0 0 0 0 

Average nw:1ber 0~ stools l)er plant - 23.875 -
No plant wa.s near heading on May 27th. 
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House 2. Oats. 

Plant No. of No. of Length Average Length Average 
No. ·stools heads ·of sterns length of length 

of sterns heads of heads 

1 4 2 50" 38!" 11" 10;}" 
27i" 10" 

2 4 2 46" 36.1." 6!" 6~" 
26i" • 6f" 

6 6 22.1.." 
16l" 

18" All smutted. 

18" 
19" 
14" 
18" 

4 8 6 28" 35" 7" 7 5/6" 
32t" 7t" 
47" 10" 
37l" 81" 
34" 71" 4 
31-i" 7" 

5 5 4 36" 35~" 8" 10i" 4-
14~" 32" 

29" 11t" 
46" 9" 

6 7 2 32-i" 26-'!n 
•z All smutted. 

21" 

7 6 5 13" 30" 14" 7" 
47" 6" 
3~" 2!" .... 
1&," 3" 
38" 9i" 

8 5 1 36-!" 36!" 7" 7" 

Average numb.er of stools per plant - 5.625 ... 
n " " heads " " - 3.5 -
" length " stalks - 32.125 -
n " n heads - 8 3/4 -

Eight heads were ripe on uay 27th. In .Ple.nts No. 3 &nd 6 all 

heads were smutted. 
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House 3. Rle• 

J?lti.nt No. of No. of Length .Average Length Average 
No. stools. heads. of stams. length of length of 

of sterns. heads. heads. 

l 3 2 49" 5W" 6" 5-~-" 
52t" '* 51" 

<.-

2 2 2 55" 51.1" 4t" 4 7/8" • 47i'• 5.l." .of. 

3 8 4 431 " 44i" 4" 4 5/16" 
sOl" 3~" .... 
47" 4" 
37" 5!" 

4 3 3 47" 47 7/8" 3-'11 4 1/3" 
48" '" 48-i" 51--" .. 

5 3 2 49-"-" .... 
47" 

48 1/8" 31-.n 
3f" 

3 3/8" 

6 4 3 51~·" 46 1/3" 4~-" 4 1/3" 
50!" 4" . 
37" 4-i" 

7 8 3 42" 35 1/6" 3" 3 2/3" 
36" 4" 
27-f" 4" 

8 12 5 18!" 36 2/5" &;-n 4 7/10" 
.39..;." 5~" ..... 

4.!" 48" 
34" 3!-" 
42t" 4f" 

Average nur.J.ber of stools ;r?er plr.:.nt • 5.375 

" " " heads If " - 3. 

" length " stalks - 45.05 -
It n " he a.C.s • 4 3/8" 

No plant was ripe on Hay 27th. 
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House 3. Wb.ea t. 

:Plant ~lo. of No. of Leneth Average Length Average 
No. stools. heads. of stems. length of lene;th of 

of sterns. . heads. heads. 

1 5 3 33-t" 36" 3" 3" 
39" 3" 
35t" ~" 

2 2 2 55" 51.1." 41_" 4 7/8" • 47!". 54" 

3 8 4 43f" 44-i" 4" 4 5/16" 
502 " 3"1." ~ 

47" 4" 
37" 5!" 

4 3 47" 47 7/8" 3.2" 4- 4 1/3" 
48 n 4" 

48i" 5t" 

5 3 2 49J._n 48 1/8" gt" 3 3/8" .. 
47" " 2 

4 3 51.;" 46 1/3" 4i" 4 1/3" 
sofn 4" 
37" 4i" 

7 8 3 42" 35 1/6" 3" 3 2/3" 
36" 4" 
27i-" 4" 

8 12 5 18l" 36 2/5:t 5..1." 4 7/10~ 
39.l.." s3.n 

4 

48" t 34" 3 " 
42i" 42" 

Average number of stools per plant, 5.375 

" " n heads " " 3 

" length " stalks 45.05 

" II " heads 4 3/8 

No plant was ripe on Cay 27th. 
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House 3. Oats. 

Plant no. of .No. of Length Average Length 4\verage 
No. stools heads of stems length of length 

of sterns heads. of heads. 

1 3 2 36" 32" 9" 7"-" ~ 

28" 6" 

2 4 3 31" 34 1/3" 7" 8" 
32J-" 7l.." 
39t" 9!-" 

3 9 4 17" 20tr" 2". 4 3/4" 
19" 9" 
14" 3". 
32" 5" 

4 4 3 23" 26 1/3" 8" 6 1/3" 
25" lt" 
31" 92" 

'5 2 1 42}" 42-i'" gl.n 
:.1 9t" 

6 2 1 37" 37" 8" 8" 

7 2 1 381 " :il 38~" 9" 9" 

8 1 1 45" 45" 10!" lOt" 

Average number 0~ stools per plcnt, 3.375 
" " " heads " " 2 
" len8'th " stalks 34.54; of heads, 8". 

Six heads vmre ripe on May 27. 

Bc..rle;L• 

1 14 1 14" 14" z1.n 
E 

z.!.n 
2 

2 10 2 ron 22-~" 12-tt 2 1/8" 
25l" 

... zln ... 

3 8 1 23" 23" 2~" 2 . 2~" 
~ 

4 6 1 25" 25" 2!" z.l.n 
II; 

5 4 2 19t" 21~" 1.;" 1~" .. .. (o. 

23'' 2" 

6 4 0 0 0 0 0 

7 9 1 20 20 2" 2" 

8 9 1 23" 23" z;.. " .. 2!" 

o~iverage nur_nber of stools per plant, a. 
" " " heads ·" " 1.125 
" length of stalks, 21.29; of heads, 2 inches. 
2 heads were ripe on m~y 27th. 
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House 4. Rze. 

Plunt No. of No. of Leneth Average Length Average 
No. stools heads of sterns length of length of 

of sterns heads heads. 

1 1 1 65" 65" 4-~" -1 4~" 4 

2 1 1 53-i-" 53~" 4-£-" 4*" .,. 

3 1 1 56" 56" 5i"" 5i" 

4 1 1 63" 63" 4;1/8" 4. 1/8" 

5 1 1 66" 66" 6"· 6" 

6 1 1 62" 62" 6}" 6;1.." 2 

7 1 1 62t" 69-~n 
-2 4~" 4 4-a-" 

8 1 1 54t" 54!" o;.n 
" 

3.:\." . 4. 

Avero.ee nur.1ber of stools per plant = 1 
" " " heads " " = 1 
" length " stalk~ 60.31" 
" " " heads 4 7/8" 

The plants were almost ripe and the heads well filled on I'.!uy 27th. 

Wneat. 

1 1 1 37" 37" 3i" 3l" 

2 1 1 40-i" 40i" 3~" .... 3!" 

3 1 1 39 1/8" 3:i 1/8" 3 7/8" 3 7/8" 

4 1 1 39i" 39i" 3-i'" 3;t." .. 
5 1 1 34l" 34t" 3~" 4" 3:"!." ... 
6 2 2 37" 32-:i" o,1-n 3"· 

27_1." zln 11:: 

7 1 1 36" 36" 3-1." .. 3-'t" 4 

8 2 1 34-l" 34*" "" 
4i-" 4'--" ~ 

AverBP"e number of stool~ per plc..n t, - 1.25 .... -
" " " heud.s " " 1.125 = 
" length " stalks 36.735" 

" " " head.s 3 5/8 

The plants were nearly rir>e on I.Iay 27th. 



P~ant 
No~ 

1 

2 

3 

4 

s 

6 

7 

8 

1 

2 

3 

4 

5 

6 

7 

8 
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House 4. Oats. 

no. of 
stools 

No. of 
heads 

Leneth 
of sterns 

Average 
length of 
stems. 

Length of 
heads. 

Average 
length of 
heads. 

3 

1 

1 

1 

2 

1 

1 

2 

2 

2 

2 

2 

2 

1 

2 

2 

1 

1 

1 

2 

1 

0 

1 

34" 

36" 

37" 

37" 
28t" 

28}" 

0 

34'' 

36" 

37" 

28~" 

0 

6" 
4" 

10" 

8" 
6" 

0 

9!" 

5" 

10" 

6l" 
7" 

0 

9!-" 

Averaee number of stools per plant, 1.5; of heads, 1.29. 
" length of stalks, 30.46"; of heads, 7.7". 

Two heads were ripe on lia.y 27th, and two heads had smut. 
Pl&nt No. 7 was broken off by some unknown accident. 

2 

2 

1 

2 

1 

2 

Barley. 

19-l" 
13" 

26-!" 
22l" 

22~" ... 
28" 

25" 

22-~" 
23!" 

23-~" -t. 

25.375 

232-" 

221" 

2" 
li" 
2.1." 
l·l" 
22.n .. 

2 1/8" 

2i" 
2 3/8" 

2!" 

2 7/8" 

2 2 28" 26t" 2" 2" 
25" 2" 

Average number of stools per plant, 1.75; of heads, 1.75 
" length of stalks, 23.42"; of heads, 2 3/8". 

Two heads 'J!;ere ripe, and the remainder nearly ripe on May 27. 
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C-ol'!lparison of the Averu:;es of the Four Houses. 

House House House House 
1 2 3 4 

WI-IEAT 

Average Ko. stools per plant 8.75 8 3.625 1.25 

1t 1t heads 1t 1t .875 1-i 2.375 1.125 

1t Length of stalks 35.05 31.48 38.97 36.735 

It " " heads 4.425 3 3/8 3 5/8 3 5/8 

RYE 

Average uo. stools :!?e r plant 29.25 5 5.375 t 

" " heads " " 1.125 1.625 3 1 

" length of stalks 31.3 40.64 45.05 60.31 

" " " hea.ds 4.64 4.25 4 3/8 4 7/8 

OATS 

Averae;e Bo. stools per plant 9 5.625 3.375 1.5 

" " hea.ds " " 4.625 3.5 2. 1.29 

" leneth of stalks 30.46 32.125 34.54 30.46 

" " " heads 7 1/8 8 3/4 8 7.7 

BA..~Y 

Average No. s to o1s per plant 48.25 23.875 8. 1.75 

" " heads " " - - 1.125 1.75 

" length of stalks 21.29 23.42 

" " " heads Q 2. 2 3/8 
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There are some very striking features in the results 

of this experiment. In the first place the tirr,e of heading, bloom

ing and ripening of the different grains varies quite a good bit, 

and also the order in which the different types of erain follow each 

other in the maturation process is sometimes almost reversed. Thus, 

the oats heade~ out first of sll in the hottest greenhouse, while in 

the coolest house the rye was first to head and to bloom and the oats 

headed out last. In the second warmest house the con~itions were 

somewhat similar as in the first house, but slightly modified. Here 

also the oats headed before the rye cUd. 

The rye evidently does best a.t a low. temperature. ' It 

did best in the coldest house at the time the experiment v;as con

cluded. Each plantproauced one long, well-filled ear ot gran, While 

in the next warmest house the plants produced more heads, these were 

not nearly as well filled with erain. In the two warmest houses 

the rye did not do well a.t all. ·It wasted all tts energy in producing 

a great· mass of stools, that crowded each other and had no chance to 

develop. Little energy was left to produce heads and these were 

rather slender and showed not much prospect for grain production. 

The time of ripening was delayed at least a few weeks and on account 

of its irregularity stretched out over a long period. 

The wheat could stand the warm.temperature hardly better 

than the rye. It did not stool as much and produced a little stronger 

heads than the rye but otherwise there was little difference. In the 

cool houses the wheat did well, about like i~ does under ordinary 

field con'll tions. ~sch plant produced from one to several hea~s, all 

well filled and they ripened very uniformly. 

The barley showed most strikingly the difference between 

hot and cool temperature. While in the cool house the barley w~s 
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almost ripe at the tirre the experiment was brought to a close and fully 

ripe three days later, the barley in the hottest house bud only pr?-

duced an enormous mass of stools and there was no indication that it 

was ever eoing to head out. The picture shows this condition very 

beautifully. In the second warmest house the barley showed slightly 

more inclination for heading, but up to the closin8' of the exl1eriment 

it had made no start. In the second coolest house the barley h&d done 

some amount of stooling, but not very excessively, and it was quite a good 

bit behind the barley in the coolest house. 

The oats appeared the least of all affectea ~y the heat. 

This plWlt did about as i"lell in the hot houses as in the cool ones. 

The most noticeable effect of the heat was a fast growth of tije stem 

and consequently a weakening of them which required ty~ng up of the 

plants. There also seemed to be sliGhtly r.1ore smut developed in the 

hotter houses, but this was possibly due to the fact that the dis-

eased plants ~reduced more heads which showed the disease. The plants 

were taller .in the warm houses and :produced more leaves end stalks. 

There is no harmful effect of a serious nature from the heat to the 

oats. The writer observed the same fact a few years ago at the Mary

land s ta ti on. Tnere the oats grew in the hot greenhouse very luxuriantly 

up to a height of six to seven feet while the wheat barely did head 

out, except those plants which ware transplanted from the field in 

the midst:"of the Winter and did fairly well. 

Thus the results of this experiment show conclusively 

the effect of different temperatures, in the followin~ ways: 
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1. The time of ripening is very considerably inflru need by 

the temperature in such a manner that cool telllperatures are liable to 

produce a quicker maturation v1hile high temperature stimulates a rank 

growth of stools and thus wastes energy needed for the formation of 

heads. 

2. Barley is most affected b~r the heat, while v.he at and rye 

suffer also quite badly, though not as much as barley, and oats show 

very little ill effect from hign temperature. 

3. The setting of seed. is best in the cooles.t house and worst 

in the hottest, with the exception of oats which show no difference in 

that respect. 

4. The am0unt of stooling is highest in the warmer temper-
. 

atures and lowest in the cool houses, but the difference in the number 

of heads is overcome largely by the l&rger percentage of seed produced 

per head, except in the oats. 

5. It is advisable to grow grain in the greenhouse at mo

derately cool temperatures corresponding to their climatic require

ments out of doors. 
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Fig. 1. ~beat plants. The lot to the right is from house 1, the 
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Fig. 2. Rye plants. Lots from house 1 - 4 in order from right to left. 

Fig. 3. .Bcrley plants, in order from right to left. 

!ig. 4. Oat plants, in order from right to left. 
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