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Studies on the growth behaviour and guality of the
forage crops in warm area in Japan

1V. liffect of temperature on the growth behaviour and
chemical composition of corn, oats and red clover

Kaoru EmaAra

INTRODUCTION

In Japan and foreign countries, there is a common belief that the
forage crops grown under warm climate are inferior in guality than
those grown under cold climate. However, there has not been any
reliable research made on this subject in Japan, and a few conducted
in foreign countries.

The author tried to investigate whether or not the above belief
can be substantiated, and if so, to find the cause for, and counter-measure
against it.

The geographical region to which each forage crop is adapted is
limited by various climatic factors of which temperature is of major
importance. i

The effects of temperature on growth and chemical composition
constitute one of the major problems in the management and utiliza-
tion of forage crops. Therefore, an advanced knowledge of the tem-
perature relations to forage crops should contribute to the solution of
some of the problems of quality improvement of forage crops in warm
area.

The species of forage crops included in investigations herein
reported are corn (Zea wmayvs), oats (Awvena safiva), and red clover
(Trifolium pratense).

LITERATURE REVIEW

Many investigations have been done with forage crops on the effect
of temperature on the growth, while there are a few studies on the
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effect of temperature on the chemical, physical or anatomical properties
of forage crops.

Walster {1920) who grew barley at two temperatures, found the
lower temperature to induce a more upright character of growth hecause
of a greater proportion of culm to leaf, a greater proportion of skeletal
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of lignification of conductive tissue than was found in plants grown

under higher temperatures.
Newton (1922) found t
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northern crops are richer in protein than southern crops and therefore
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are adapted corresponds rather closely with the 60°F. isotherm. The
northern limit for orchard grass corresponds roughly with the 45°F.
isotherm, but the two bluegrasses are successfully grown much farther
north.

According to Brown (1937), in Kentucky and Canada bluegrass and
orchard grass, the percentage content of nitrogen-free extract declined
with rising temperature but in Bermuda grass, this constituent increased
in concentration as the temperature rose. In all four grasses, the
crude fiber content increased in percentage as the temperature rose
from 40° to 60°F. and changed little with further rises in temperature.
The percentage of crude protein declined slightly in Kentucky and
Canada bluegrass and orchard grass as the temperature increased from
40° to 60°F. and then increased slightly as the temperature rose above
the optimum for growth. In Bermuda grass the crude protein content
was much greater at 50° than 60°F

Sullivan and Sprague (1949) found that protein metabolism was
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characterized by an increase in the proportion of soluble nitrogen
immediately after the leaves were clipped, and at the highest tempera-
ture this proportion continued to increase for a long period in the tops
and stubble of perennial ryegrass. Other constituents, lignin, hemicel-
lulose, and ash were not particularly affected by leaf remowval or
temperature except that their ‘percentage were increased where soluble
carbohydrates had been withdrawn. The losses were most rapid and
extensive at the higher temperatures. The roots and stubble underwent
rapid losses in sucrose and fructosan during the early part of experi-
ment but these losses were partly replaced later under the low tem-
peraturc conditions. Under the highest temperature these losses were
not replaced but continued, especially in the roots, almost to the point
of exhaustion and in some cases to the death of the roots. Carrol
(1943) also stated that the detrimental effects of high temperatures
are the result of a depletion of carbohydrates within the plant.

A review by Weinmann (1948) covers the general subject of reserves
in grasses.

Ulrich (1955) found that the sugar beet were grown with an ample
supply of water and nutrients in a controlled temperature greenhouse
(days 23°C., nights 17°C.), and ripenning or “sugaring up” was induced
by low night temperatures and nitrogen deficiency, i. e., changes in
the external environment rather than by some internal self regulatory
mechanism of the plant.

EXPERIMENTAL METHODS

In this experiment, thermo-regulated growth chamber was not
used. The equipment used for the control of temperature consists of
two glasshouses, the windows of the one were opened and those of the
other one were closed. The air temperature in the former was lower
than the latter, and the former is called the low temperature plot and
the latter is called the high temperature plot in this experiment.

The red clover and oats cultures were grown in earthen flower
plots, 30 cm. in diameter at the top, 25 cm. in diameter at the bottom,
and 30 cm. deep. The corn cultures were grown in glaged earthenware
pots, 25 cm. in diameter at the top and the bottom, and 31 cm. deep.
The varieties used for this experiment were Northwestern dent corn,
Carter’s black tartar oats and Dollard red clover.

Corn, oats and red clover were planted directly in the potted soil,
and the stands reduced to 2, 5 and 3 plants per pot as soon as the
seedling appeared to be securely established in corn, oats and red clover
respectively. Red clover was sown on December 20, 1955, corn and
oats were sown on April 15, and 18, 1956 respectively. Ten cultures of
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each species were established, and 5 cultures of each species were ex-
posured to each different temperature plot from April 24 to June 30, 1956.

Corn plants were cut at silk stage, oats plants were cut at head
stage and red clover plants were cut at bloom stage at the soil surface.
Fresh and air dry weights are reported as g./pot. During growth period,

the measurements of growth were made by each species. Stage of
growth of corn and oats plants was indicated by the order of leaf
wmcib el Al dlan smaatalenan AL dncio Aafbnae st e Cepaaionen il gy liinnennnlin g
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stage of leaf on main stem were the same as those in the previous
report {Ehara et al. 1956}
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and lignin content also was determined. In analysing Tlignin, collnid
titration method as reporied by Senju et al. {1955) was employed. The
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1. RESULTS OF MEASURING TEMPERATURE IN THE TWO GLASSHOUSES
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season, and this trend was most remarkable in the minimum tempera-
tures. Lne maximum temperdtureb in the mgn temperacure plO[ were
about 1.3° to 5.0°C. higher than those in the low temperature one. The
minimum temperatures in the high temperature plot were 1.0° to 2.5°C.
higher than those in the low temperature plot up to last of June.
The maximum and minimum temperatures in the two plots were higher
than those in the field conditions, and those differences in temperatures
between the glasshouses and field conditions were more remarkable in
the maximum temperatures than in the minimum temperatures.

The curves in Figure 2 show that air temperatures at 9 a. m. are
1.8” to 4.0°C. higher in the high temperature plot than in the low
temperature one throughout experimental period. The air temperatures
at 6 p. m. are 0.6° to 4.0°C. higher in the former than in the latter.

As above mentioned, a relatively warm condition and a relatively
cool condition were obtained by these temperature treatments, but the
true temperatures in the two plots were extraordinarily higher than

those in the field conditions.
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Fig. 2, Temperatures at 9 a.m, in the two glasshouses.

The soil temperatures at depth of 5 cm. in the pot were measured
at 9a.m., 2 p.m. and 6 p.m. and Table 1 shows the results.

As shown in Table 1, soil temperatures in the high temperaturc
plot were a little higher than those in the low temperature plot.

The relative atmospheric humidities in the two plots were measured,
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and there were no

t any remarkable differences between the high and

low temperature plots.

Table 1. Soil temperatures in the pot at a depth of 5 cm.
High temperature plot “ Low temperature plot

Period —_ N iy —_ .7,_‘—.... . 7‘ =
9 a.m. | 2 p.m, | 6 pm. ; 9 am, 2 pmn. 6 p.m.

ix L i ! . _.
DC t GC DC i uC | L/C ‘ UC
June 11-15 242 ‘ 314 29.1 H 22.2 287 ! 26.4
June 16-20 25.0 291 , 286 236 274 | 273
June 21-25 25,1 28.6 28.0 : 23.6 26.9 ' 26.2
— 269 || 226 ‘ — 25.8

June 26-30

5 | |

a. Corn.

2. GROWTH BEHAVIOUR AND YIELDS

Leaf emerging stage.—The plant grown in the high temperature
plot was a little faster in the appearance of leaves on the main stalk
than the plant grown in the low temperature one, and as shown in
Figure 3, the former was 3 days faster in the appearance of 15th leaf
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Fig. 3. Effect of temperature on the appearance of leaves

T=Beginning
P=Beginning

on the main stalk of corn.

to tassel. E=End of tasseling.

to shed pollen.

(15/0) than the latter. The beginning to tassel and to shed pollen was
3 to 5 days faster in the high temperature plot than in the low tem-

perature one.
The number

but the high tem

of leaves than th

of leaves on the main stalk was not always constant,
perature plot was about one leaf smaller in number
e low temperature one.



Height of plant.—Figure 4
shows that the height of plant
grown in the high temperature
plot was very taller than that
of the low temperature one.

Length and width of blade.
—As shown in Figure 5, the
length of blade was longer in
the high temperature plot than
that of the low temperature one.
On the contrary, the blade was
wider in the low temperature
plot than in the high tempera-
ture one.

Percentage of clinging por-
tion of leaf.—As shown in Table 2,
the percentage of clinging por-
tion of leaf was markedly higher
in the high temperature plot
than in the [ow temperature one
at the same stage of growth.
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Fig. 4. Effect of temperature on the
height of corn plant.
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Fig. 5. Effect of temperature on the length and width of blade of corn.
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. Table 2. Effect of temperature on the clinging portion of corn leaf
at the harvest time.*

Temperature - Stage of growf_h e
freatment 20 30 40 | s0 | e0 | 70
High temperature | 100%* % 2o | 18 ‘ 0
‘ ‘
Low temperature 50 ' 39 ‘ 10 ! 0 0 | 0

[ ] \ |
* Each value indicates an average of 10 plants.
*#% 100 presents complete clinging of leaf.

Proportion of each internode length to total internode length—
Table 3 shows that the percentage of each internode length to total
internode length was higher in the high temperature plot than in the
low temperature plot from 4th to 7th internode, whereas in the inter-
nodes above 7th internode reverse relation was shown.

Table 3. Effect of temperature on the proportion of each internode length
to total internode length (at 2 days after the beginning to shed pollen,
in per cent).*

Temperature Order.‘g-f internode
irentment I e‘ 8 9 10‘11{2 13‘14‘15
High 03| 4.0 68‘101 114‘101 10.1 93‘ 92| 7.0| 59 58! 987
L temperature i ‘ % 3 ¥
oW
temperature | 03 24 53 88 99|11.3 115J 98 97| 82| 67| 64| 96

* Each value indicates an average of 10 plants.

Green and air dry weights—The green and air dry weights of
leaf, stalk, tassel and ear are given in Table 4. Data in this table
are average of 5 pots, and each pot contains 2 plants. The average
weights of the green and air dry leaf, stalk, tassel and ear produced

in the high temperature plot were much less than those produced in
the low temperature one.

Table 4. Effect of temperature on the green and air dry weights of
corn plant (in grams per pot of 2 plants).

Green weight* ‘ Air dry weight*

Temperature >y | I

treatment i [ .. [Whole ‘ (Whole

Leaf |Stalk iTasse1| Ear Dianit !‘ LeafiStalk Tassel. Ear plant

High | 1m16 145 1‘ 10 124 3682 202 146 48 | -;2 o8
Ltemperature . i ) y ' } | Pl : '
ow . : .

temperature 2099 179.6! 26.4:i 15.9‘ 431.8| 337, 206 74 1.7 63.4

* Each vaiue lndlcates an average of 5 pots
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b.  Oats.

Leaf emerging stage—As shown in Figure 6, the plant grown in the
high temperature plot was a little faster in the appearance of leaves
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Fig. 6. Effect of temperature on the appearance of leaves
on the main stalk of oats.

on the main culm than the plant grown in the low temperature one
and the leaves on the main culm were about 1 smaller in number in
the former than in the latter.

The heading of each culm in the high temperature plot hesitated
and the heads did not completely emerge from the sheaths of top
leaves and most of them stayed within the sheaths.

Height of plant—Figure 7 shows that the height of plant grown
in the high temperature plot was taller than that of the low tempera-
ture one.

80,

',-E" 60] High temperature plot
&
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§ 40
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b
E 20 -
& Low temperature plot
z
0 T T T T T 1
10 20 30 9 19 28
May June

Fig. 7. Effect of temperature on the height
of oats plant.
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Length and width of blade.—As shown in Table 5, the length of
blade was longer in the high temperature plet than in the low tem-
perature one. On the contrary, but blade was wider in the low tem-
perature plot than in the high temperature plot.

Table 5. Effect of temperature on the length and width of blade on the
main culm of cats (in cm.). '

= :
Temperature ‘ Length - Width*
o t h
sreatien 6/0 7/0 g0 | e0 70 8/0
High temperature 337 36.4 31.1 0.9 1.2 1.3
Low temperature 3.7 327 | 272 1.1 1.3 14

* Each value indicates an average of 2b plants.

Percentage of clinging portion of leaf—Percentage of clinging
portion of leaf from each plot is given in Table 6. The percentage
of clinging portion of leaf was markedly higher in the high tempera-
ture plot than in the low temperature one at the samc stage of growth.

Table 6. Effect of temperature on ithe clinging portion of oats leaf
at the harvest time.*

Temperature R Sge ?_fm,.growth ) o
treatment 4/0 50 | 60 | 7o 1 s
High temperature. 100%*# 95 39 : 13 0
Low temperature 100 62 27 4] ‘ 0
\

#* Each value indicates an average of 25 plants,
*¥ 100 presents complete clinging of leaf,

Number of tillers—Table 7 shows that the plant grown under the
high temperature condition was larger in number of head-producing
tillers than that grown under the [ow temperature one and there was
the reverse relation in no head-producing tillers.

Table 7, Effect of temperature on the number of tiliers of oats.

Temperature Total number¥® | Number of head-*I li:g]b?‘gd?lfci’:lo*
treatment of tillers producing tillers b g
tillers
High temperature I 30.6 126 178

Low temperature ‘ 29.6 10.4 i 19.2

# Fach value indicates an average of 5 pots.



119

Green and air dry weights.—The green and air dry weights of
main culm and tiller in grams per pot of 5 plants are given in Table
8. Data in this table are average of 5 pots. The average weight of
main culm and tiller produced under the high temperature condition
was greater than those produced under the low temperature condition.

Table 8. Effect of temperature on the green and air dry weights
of oats (in grams per pot of 5 plants).

: Green wenght* W Air dry weight*
Temperature - | —_— | |
treatment Main Whele | Main i Whole
i culm | Tiller . plant |‘ culm Tiller | plant
e e | |
High temperature | 425 51,1 ‘ 93.6 ; 10.5 9.0 ‘ 19.5
Low temperature . 422 | 451 = 873 ‘ 10.1 8.2 | 183

* Each value indicates an average of 5 pots.

¢. Red clover.

Growth.-—The growth of stem was faster at the beginning of
treatment, the growth type was more erect, the flowering time was
earlier and the whole plant was shorter in the high temperature plot
than in the low temperature one. The petiole of plant grown under
the high temperature condition remarkably elongated and the leaf of
this plant was paler green color than that grown under the low tem-
perature condition.

As shown in Table 9, the length of longest stem and the total
length of branches of red clover stem grown under the low temperature
condition were longer than those grown under the high temperature
one at the harvest time. The branches of stem were larger in number
in the former than in the iatter.

Table 9, Effect of temperature on the growth of red clover.

Length of longest stem*‘ Total number of| Total length of

Tfimpctzratuge S — " branches of stem | branches of stem
reatmen May 8 May 23‘June 15k(at harvest time)* (at harvest time)*
T T T T em, cm. cm.
High temperature 48 | 196 ‘ 61.7 25.5 529.0
Low temperature 2.8 ‘ 10.6 i 71.3 39.0 708.3
I ‘ : L .

* Bach value indicates an average of 15 plants,

i Ay aogiohic — Tha oreeh and air drv wei
¥oary wergeis.—ing green and atr ary €l

leaf, stem and flower head in grams per pot of 3 plants are given
Table 10. Data in this table are average of 5 pots. The average
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weights of the green and air dry leaf, stem and flower head produced
in the high temperature plot were much less than were those in the
low temperature one.

Table 10. Effect of temperature on the green and air dry weights of red clover
(in grams per pot of 3 plants),

Green weight* | Air dry weight*
Temperature '—. _. |_. F e | |
treatment i Flower | Whole Flower Whole
! Leaf | Stem | head | plant | Leaf ‘ Stem | head, | ‘plant
High | o3| 667 | “71773777771763 | 01| 15377357- 3?797
temperature | < - : L | - : S
Low L1760 1128 226 3115 | 354 287 | 45 656

temperature | [ i | ! ‘ | i

Each value indicates an average of 5 pots.

3. CHEMICAL COMPOSITION

a. Corn.

The results of chemical analysis of corn fodder are given in
Table 11.

Crude protein—Lower leaf of corn was higher in crude protein
content than upper one. This trend was more pronounced in the high
temperature plot than in the low temperature one. Each leaf from
the high temperature plot was markedly higher in crude protein content
than that from the low temperature one. The crude protein contents
of stalk and tassel were also markedly higher in the high temperature
plot than in the low temperature one.

Crude fiber.—In this study, the crude fiber content of corn leaf
did not show marked difference in any stage of growth in the two
plots. However, the content of leaf was remarkably higher in the
high temperature plot than in the low one. The stalk grown under
the high temperature condition was also higher in the crude fiber
content than that grown under the low temperature one, whereas the
content of tassel did not show difference between the two plots.

Fther extract—The ether extract content of corn leaf did not any
difference in any stage of growth bhetween the two plots, while the
contents of stalk and tassel were higher in the high temperature plot
than in the low one.

Nitrogen-free extvact.—The nitrogen-free extract of corn leaf was
markedly higher in the low temperature plot than in the high tem-
perature ome.

Crude ash.—Temperature did not affect the crude ash content of
corn leaf. The stalk and tassel from the high temperature plot were



Table 11. Effect of temperature on the chemical composition of corn fodder.

percentage of dry weight.

Data expressed in

Leaf

Crude Ether N-free | | N Crude Reducing
Plant protein Icn“de fiber| o rtract extract | Crude ash : Lignin starch sugar Sucrose
organ - . - . : . :
HT. | LT. ‘ HT. LT.|HT.|LT. ‘ HT. L.T. ‘ H.T. \ 1T ‘H.T. ‘ LT. |HT.|LT. |HT. \ L.T. ‘ HT. ‘ L.T.
Order | | ' | } \ ‘ | :
of leaf ; i i !
2’8} 1425 1156 29.08 25.34 | 1311 1311 !
/ ; } 355 381 4120 4635 : } 349 244 9~ — 4 - - =
7/0 1456 12.13 2863 2643 : : 1087 1111 :
80 1506 1244 2903 27.22 | 997 1022 : |
\ i !} 371 261 4255 4806, i i} 3.59| 3.14 - — = — = =
9/0 14380 12.00, 29.88 27.53i . 912 9.25 | ‘
i i !
100 13.94‘ 11.88 29.69 26.06 816 831 1
} [ It 370 374 4472 5033 | [t 352 332 27.68 3329 307 834 101 147
1o 138 II.OOi 29.90. 27.13 760 748
: ! § : | |
12/0 1294 1106 3011 27.34 _ 695 7.07 .
: ; I} 378 367 4762 51.20 } 338 318 — — -~ - - =
13/0 . 1231 10.88 2851 27.49 6.38 6.43 !
14/0) - 5 | } | ' !
15;0} 1156 1056 27.68 2636 276 335 4251 5426 549 547 284 265 — — —| — — -
16/ : ) i
e ! ‘ | ! !
Stalk ‘ 781 500, 29.64 2677 3.16i 2.591 49.91| 5826, 948 7.38 565 4.35 29.33‘ 37.88 10.36 20.66 199 3.19
Tassel 2125 1663 18.92 19.15‘ 560 395 4928 5602 495 4.25i - - 7 5 - = - -
| | i

H.1'.=High temperature plot.

LT.=Low temperature plot.

¥4
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higher in the crude ash content than those from the low temperature
one.

Lignin.—The lignin contents of stalk and leaf were higher in the
high temperature plot than in the low temperature one.

Reducing sugar, sucvose and crude starch.-—The reducing sugar
{calculated as glucose) and sucrose contents of leaf and stalk were
remarkably higher in the low temperature plot than in the high tem-
perature one. The leaf and stalk of corn from the low temperature
plot were higher in the crude starch content than those from the high
temperature one.

b. Oais.

The results of chemical analysis of oats hay are given in Table 12.

Crude protein.—The leaf, stem and head of main culm and all
tillers of oats were higher in the crude protein content in the high
temperature plot than in the low temperature one.

Crude fiber—The leaf and stem of main culm and tiller did not
show difference in the crude fiber content between the two plots, while
the content of head was lower in the low temperature plot than in
the high temperature one. ‘

Ether extract.—The ether extract contents of leaf and head of
main culm and all tillers from the high temperature plot were a little
higher than those from the low temperature one.

Nitrogen-free extract.—The all organs of oats produced in the low
temperature plot were higher in the nitrogen-free extract content than
those produced in the high temperature one.

Crude ash.—The all organs of oats grown under the high tempera-
ture condition were higher in the crude ash content than those grown
under the low temperature one.

Lignin.—The lignin content of stem of main culm produced in
the high temperature plot was a little higher than that produced in
the low temperature plot.

Reducing sugar, sucrose and crude starch.- The leaf and stem of
main culm grown under the low tempét‘atnre condition were higher in
the crude starch, reducing sugar and sucrose than those grown under
the high temperature condition.

¢. Red clover.

The results of chemical analysis of red clover hay are given in
Tabhle 13.

Crude protein—The crude protein content of red clover leaf was
higher in the high temperature plot than in the low temperature one,
the stem did not show difference in the c¢rude protein content between
the two plots.



Table 12. Effect of temperature on the chemical composition of oats hay.

Data expressed in percentage of dry weight,

6.02

31.82 31.23

H.T.=High temperature plot.

Crude Ether N-free w3  Crude | Reducing
Plant protein Crude fiber extract | extract Crude ash \ Lignin l starch l sugar Sucrose
organ |—— ) | — S . . _— — ———
HE L. BE | LT HE LD HE LT B LR LR A LT. | HT. | LT. |1—[.T. LT.
. —— I Pa——— =SS L F2 'I 3 SRS [P e icacs
E Leaf 11.50| 8.81 2898 29.21 438 3.82 4234 46.34: 12.80! 11.82| 327 3.52| 26. 19‘ 29.61 434‘ 4.90 243| 4.22
=3 i . i
: l Stem ' 4.81 3.81| 3688 37.25 1.20{ 1.22 4711 4821 10,000 951 9.66 9.01] 28 35 31, Ozi 456‘ 58 410 532
g Head 1225 10.50 26.50 24.84 2.62‘ 2.13 53.58 5622 506 491 — — — _..‘ —-‘ — = —
: I | § : i |
Tiller \ 1.1.00i 9.06! 2640 26.97 4.993 436 4549 47.73 12.12) 11.88 — — — —-‘ —-i -
I i i I
H.T.= H:gh temperature plot. L.T.=Low temperature plot.
Table 13. Effect of temperature on the chemical composition of red clever hay.
Data expressed in percentage of dry weight.
| : ;
. Crude Ether ‘ N-free R Crude Reducing
Plant protein Crude fiber extract = extract I Crude ash , Lignin starch ‘ sugar Sucrose
organ = : g e e '. S —_—
CH.T. l LT. |HT. |LT. HT.|LT |ET.|LT.'HT. | LT BT | LT.! HT. | LT ‘H I LT. HT. LT
—_— . e —— ' - | X — ! -
‘ ' : \ )
Leaf 17.22. 15.83] 18.85 1848 5.85 597 4662 4892 1147 10.80 2.24{ 222 19.35 1979 226 378 025 0.37
: | |
Stem | 6.31 2,57 251 5225 5385 734 611 597 513 3385 3465‘ 7.35 893 2.61
Y |

1.43
\

L.T.=Low temperature plot.

€21
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Crude fiber.—The temperature did not affect the crude fiber con-
tents of red clover leaf and stem. ’

Ether extract.—There is no difference in the ether extract content '
of red clover between the high and low temperature plots.

Nitrogen-free extrvaci—The nitrogen-free exiract contents of leaf
and stem were somewhat higher in the low temperature plot than in
the high temperature one.

Crude ash.~The leaf and stem of red clover grown under the high
temperature condition were higher in the crude ash content than those
grown under the low temperature one.

Lignin.—The lignin content of red clover leaf did not show any
difference between the high and low temperature plots, while the content
of. stem was higher in the high temperature plot than in the low tem-
perature one.

Reducing sugar, sucrose and crude starvch.—The reducing sugar,
sucrose and crude starch contents of leaf and stem of red clover grown
under the low temperature condition were higher than those grown
under the high temperature condition.

DirscussioN

This experiment was conducted under the glasshouse conditions
during relatively warm season, therefore it is necessary to consider
that the temperatures of this experiment were extraordinarily higher
than those of natural conditions in Kyashit. The results of this ex-
periment must be discussed under this consideration.

In general, it seems that the high temperature fastened the pace
of growth of the three crops. For corn and cats, the high temperature
in this experiment appeared to be more favorable for the growth of
plant height than did the low temperature, while this temperature
response was reverse in ted clover. The result of experiment with
corn agrees with the author’s previous report.

The high temperature promoted the elongation of lower internodes
and the low temperature promoted the elongation of higher internodes
of corn. The elongation of lower internodes probably partly accounts
for the lodging of corn plant.

The low temperature was more favorable for the maintenance of
greeness of corn and oats leaves than did the high temperature, and
the maintenance of leaf greeness perhaps is important for forage crops.

It seems that the extraordinarily high temperature interfered with
smooth emergence of oats head, and the blade length of corn and oats
was longer in the high temperature plot than in the low temperature
one and the blade width of the two crops was larger in the latter than
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in the former. Red clover showed the small type of growth under the
high temperature condition. These fact indicates the extraordinarily
high temperature was probably unfavorable for normal growth of the
three crops.

Under the conditions of this experiment, for corn and red clover
the low temperature appeared to be more favorable for the production
of fresh and air dry herbages than did the high temperature, whereas
in oats the reverse relation was observed.

The crude protein contents of corn, oats and red clover grown
under the high temperature condition were higher than those grown
under the low temperature one. According to Brown (1937), the per-
centage of crude protein declined slightly in Kentucky and Canada
bluegrass and orchard grass as the temperature increased from 40° to
60"F. and then increased slightly as the temperature rose above the
optimum for growth. The author’s result was obtained under extra-
ordinarily higher temperature than Brown’s experiment, therefore it
seems that the extraordinarily high temperature increased the protein
contents of corn, oats and red clover. This result agrees with that the
result of Brown’s experiment which was carried out under the higher
temperature condition and that of the experiment with red clover by
Delwiche and Tottingham (1930).

However, the crude fiber content of leaf and stalk of corn grown
under the high temperature condition was a little higher than that of
the low temperature one, and the lignin contents of corn and red clover
were higher under the former than under the latter.

The unfavorable effect of the high temperature on the crude fiber
and lignin contents of corn, oats and red clover canceled the favorable
effect of the high temperature on the crude protein contents of these
three crops as forage crops.

The crude starch, reducing sugar and sucrose contents of corn, oats
and red clover grown under the low temperature condition were much
higher than those of the high temperature one, and those resulis agree
with those of Brown’s experiment with Kentucky and Canada bluegrass,
orchard grass and Bermuda grass and those of the experiments with
the other crops by the other investigators.

The following observation seems justified under the conditions of
the experiment.

The extraordinarily high temperature increased the protein content
and the proportion of skeletal material in corn, oats and red clover,
and the low temperature increased the carbohydrate content. It seems
reasonable to conclude that the extraordinarily high temperature is an
unfavorable factor for the palatability of fodder corn, oats and red
clover hay as the sugar content accounts for the palatability of forage
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crops, and the responsibility of growth and chemical composition to
temperature depends on the species of forage crops.

SUMMARY

1. A partial review of literature dealing with the effect of temperature
on the growth and chemical composition of forage and the other
crops is presented.

2. Corn, oats and red clover were grown in glasshouses and the effect
of different temperature treatments on their growth and chemical
composition was determined. The temperatures used in this experi-
ment were extraordinarily higher than those in the field conditions.

3. A high temperature fastened the appearance of leaf on the main
stalk of corn and leaf on the main culm of oats, tasseling of corn
and heading of oats.

The height of corn and oats was taller in the high temperature
plot than in the low temperature one. The flowering time of red
clover was fastened in the high temperature plot, while the growth
type was shorter in the high temperature plot than in the low
temperature one.

4, The percentage of each internode length to total internode length
of corn was higher in the high temperature plot than in the low
temperature one from 4th to 7th internode, whereas in the internodes
above 7th internode reverse relation was shown.

5. The percentage of clinging portion of corn and oats leaf grown
under the high temperature condition was larger than that grown
under the low temperature one.

6. It seems that the extraordinarily high temperature interfered with
smooth emergence of oats head. The hitade length of corn and oats
was larger in the high temperature plot than in the low tempera-
ture one, while the blade width was larger in the latter than in the
former.

7. In this experiment, average green and air dry weights of each
organ of corn and red clover produced in the high temperature plot
were much less than those produced in the low temperature one,
whereas there was the reverse relation in oats.

8. Lower leaf of corn was higher in the crude protein content than
upper one. This trend was more pronounced in the high temperature
plot than in the low temperature one. Each organ of three crops
grown under the high temperature condition was higher in the
crude protein content than those grown under the low temperature
one with the exception of red clover stem.

9. The crude fiber content of leaf and stalk of corn and head of oats
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grown under the high temperature condition was higher than those
grown under the low temperature one.

. Each organ of oats and red clover did not show difference in the

crude fiber content between the two plots.

The ether extract content of corn stalk and tassel and all organs
of oats was higher in the high temperature plot than in the low
one.

The nitrogen-free extract content of corn leaf, all organs of oats
and red clover was higher in the low temperature plot than in the
high temperature one.

The stalk and tassel of corn and all organs of oats and red clover
grown under the high temperature condition were higher in the
crude ash content than those grown under the low temperature one.

. The lignin content of corn stalk and leaf and red clover stem was

higher in the high temperature plot than in the low one.

. The leaf and stalk of corn, leaf and main culm of oats and red

clover leaf and stem grown under the low temperature condition
were higher in the reducing sugar, sucrose and crude starch than
those grown under the high temperature condition.
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