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Teble IV . Ridean wheat after 4 weeks growth (Scheffé's test at the 5% level)

Height, cn
5K, 5k 5K,C 128,22k C,5k  1K,C  CC
k2.2 4,00 3947 6 331 30.2

Number ;)f Toots
5K, 5K 5K,C 12%,C 12,12 C,5X ¢,C
156 15 15 13 12 - 11

Fresh wt., roots; g

5K,C 5K, 5K 12%,C 12k,12K  C,5K ¢,C

1,40 1.27 1,05 0.88 0.69 044
Dry wt, roots, g

5K,C 5K, 5K 12k,12k  12K,C  C,5K ¢,C

0.10 0.08 0.07 0.07 0.0 0.03

Fresh wt, shoots, g
5K, 5K 5K,C 12K,12K  12K,C C,5% c,C
3017 2080 1‘67 1'62 l|38 0090

Dry wt, shoots, g

5K, 5K 5K, C 12K,12k  12K,C  C5K C,C
00"1 0036 0.22 0022 0016 0.13
*Treatment,

Note: C,12KX data not included because of wide spread of values for all

parareters,
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Table V, Rideaun wheat after 6 weeks growth (Scheffé's {est at the 5% level)

Height, cm
5K, 5K¥ 5K,C Cy 5K C,C 12,12k C,12K
543 5.5 51.5 h7.4 i4,5 2.4

Nuzber of roots
5K, 5K 5%,C 12,12 €,5K ¢, 12K ¢,C
35 ' 32 30 30 22 21

Fresh wt. roots, &

5K, 5X 5K,C Cy5K 5K,C C,12K C,C

3.90 3432 2,94 2,54 1,69 1,44
Dry wt. roots, g

5K, 5K 5K,C C,5X 12X,12K  C,12K c,C

0.28 0.2% 0.20 0,20 0.13 0,09

Fresh wt, shoots, g
5K, 5K 5K,C C, 5K 128,12k C,C ¢,12x
12,43 10,71 9.12 7.28 4,90 4,01

Dry wt, shoots, g
5K, 5K 5K, C C, 5K 12K,12Kk  C,C c,12%
1,5 1,32 1,07 0,92 0.64 0,60

¥Treatment,




Table VI. Rideau wheat after 8 weeks growth (Scheffé's test at the 5% level)

Height, c=
C, 5K* 5K, 5K 5K,C c,C c, 12k 12,12k 12X,C
61.0 60.3 57.2 7.1 554 55,1 55,0

Kumber of roots
8K, 5K 12%,12K  5K,C C, 5K ¢,125  12%,0 ¢,C
71 68 67 55 5 53 %

Fresh wt, roots, g
C,12K 5,5k C,5% 12K,12K 35K,C 12%,C c,C
9.64 8.31 7.26 6.76 6.60 6.26 4,79

Dry wt, roots, g
c,12x 5K,5k  12X,12K 5K,C c,5¢ 12%,C c,C
0.9 0.77 0.69 0.64 0.59 0.50 0.35

Fresh wt, shoots, z

o

5K, 5K C,5K gK,C 12K,12k  C,12k  12K,C c,C -
29,24 23.79 23,72 2111 21,04 18,68 15.27

Dry wt, shoots, ¢
5K, 5K 5K, C 125,12X C,12k  C,5K  12K,C C,C
4,50 373 331 3.0 3,03 2,60 1,85

*¥Treatnent,
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2) MNarcvis Whezt

After four weeks growth, the number of roots and the
fresh and dry weights of both the root and shoot systems
of Marquis vheat wers depresseé in the £,12K series, when
comvared with controls. Only the fresh and dry welghts
of the tops of plants in the 12X,12K series were signif-
icantly laréer than those of the controls (Teble I).

Depressed growth of root and shoot systems was also
evidenced after six weeks of growth during exposure to 12KHz
sound, Fowever, the height and dry weizht of the tops of
plants of'the 5K, 5K series were significanily larger than
those of the control series (Table II).

 Afier an eizght week growth pericd, (Table III) only the

fresh weight of the roots of the 12X,C series of Marguis wheat
was significantly larger than controls. There is an incdication

that treatment with 5¥¥z sound nay have slightly stimulated

t

the growth of the shoots, but this is not significent at the

5% level (Fig. 22).

t) Rideau Wheat

After a four week growth period, all measured parameters

of the 5%,5K ané 5%,C Riceau wheatl series were significantly
larger than those of conirols., Root growth was also stinmula-

ted in the 12%,12% znd 12%,C series. The height of plents in

the 12%,12X series was siznificently larzer then that of the

controls, There was no evidence of 2 depressed growth res-

s -\
ponse o any of the ireatments (Zatle X¥i.




ffect of =0
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After six weeks zrowth, all measured parameters of the
5%,5K series of Rideau wheat were still significantly larzer

than those of the controls (Table V).

Followinz eizht weeks srowth the.5%,5% series of Rideau
plants exhi®ited a doudlinz of the number of roots, the fresh

and dry weishis of the roots and the fresh and dry weishts of the

shoots, when compared with controls (Table Vi), This stimula-

-
r

tion ig further illustrated in Fis, 23. The numbers of

72}

roois of the 127,12¥ and 5%,7 series were also sisnificantly
larzer than contrels. Dry weizht of the shoots of the 5X,C

series was dounle that of the controls, but was just on the

iy

norder-line of simmificance owinz to the nirh Cerree ©

variahility between ihe Rideau plants.

2) TFreguency Tesuovise

2) zrcuis vheat

The response of four week enilled ‘arguis wneat o au-
givle sound is shown in Tadle VII., Afler eizht weeks zrowih,
vlants treated with 57Hz souné were simificantly larcer then
controls for 211 vparameters examined, The heizht, dry weizht
of the roots, and fresh andé dry weich% of the shoots of planis
treated with 3007z sound were 21s0 siznificantly larzer tha
conirol plants, frowin parameters of plants trea‘oc with

12505z and 12%Z2 sound were not gifferent freom those of the

controls,
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Table VII. Freguency response: Marquis wheat after 4 weeks chilling and

8 weeks growth (Scheffé's test at the 5% level)

Height, enm
5K,0¢ 1300, 1250,C 12K,C C,C
57.0 555 50,9 9.5 . 9.2

Number of roots
5K,C 300,C 1250,C 12%,C c,C
Ll 34 32 26 23

Number of tillers

6,0 00,6 1250,6  12KC e -
10,1 7.6 7.5 6.5 5.5

Fresh wt, roots, g -
5%,C 300,C 1250,C 12%,C c,C
4,83 3.4 2.70 2.9 2,10

Dry wt. roots, g

5K, C 300,C 1250,C 12K,C C,C
0.44 0.3 0,30 0.25 0.16

Fresh wt, shoots, ¢
5K,C 300,C 1250,C 12%,C c,C
11,91 9.2%4 7.89 ‘ 6,01 4,93

Dry wt, shoots, 3z
5K,C 300,C 1250,C 12K,C CyC
1.9% 1.53 1,27 0,94 0.8%

*Treatment,
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"b) Rideau VWheat

‘The response of vernalized Rideau wheat to BOOHz, 125052,
5Kz and 125z audible sound freouenc1es is shown in Table
VIII., The dry weights of both the root and shoot systems
oﬁ plants éxposed to 5KEz sound were double those of controls,
but were only on the border-11 ne of statistical 31an1flcance

at the 5% level owing te 2 high desree of variability amonzst .

 the Rideau vlants. Plants grovn from grains exposed to 300Hz,

1250%2 and 12X4z were not statistically differént from controls.

€) Intensitv Restonse

The responses of Rideau wheat to 5%X¥z zudible sound at .

" intensities of 92, 105 and 120 &b either during vernaliza-

tion or durinz the entire growth period are shown in Table IX

and Pigo Zb'o .

Plant height was unaflfected by any of the treziments. The

" numver of roots was ir creased by continuous exnosure to 92 db

level and decreased by cortlnuous exgosure to 105 dc level,
vhen compared Wluh controls, The dry weignt of roots of
plants treated with 92 &b sound during'the chilling pericd
was doutle that of the contfols, but_this was not significant

t the 5% level tecause of a high de:ree of var1a“1 ity bet-

" ween plants, The dry weights of the roots of plants exposed

‘to continuous 105 or 120 &b sound were not different from

the conirols but were significantly lower (2 fpld than the

* me

92,92 db series, The dry weight of the shoots was significantly

]
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Table VIII, Frequency response: Rideau wheat after b weeks chilling

and 8 weekr growth (Scheffé's test at the 5% level)

————

———

Height. cn* .
300,C S,C e 12,6 12K,C-
61,1 Come2 sl S5h . 550

Namber of roots _ _

K,C 2KC 1250, H0,C e
67 .8 ) % %
Dry wt. roots, g ]
566 12K,C 300,C 0,0 1250,C
'.0.64 - 0,50 10,36 0.35 0.32
Dry wt. shoots, g
e . 12K,C . 1250,C 300,C C,C
1,85 1,85

3473 2,60 - 2,06

$Treatment,



-0l
Table IX, Intensity response: Rideau ‘wheat after & wesks chilling and

8 weeks growth (Scheffé's test at 9% Tevel)

‘Height, cn*
92492 105,C 120,120 92,6 120,¢ 105,205 C,C
60.3 9.9 ;B - 52 SBb 29 5LS

Tumber of xoots
92,92 92,  105,C c,c. 120, 120,120 105,105
71 & s b L5 L 3

Dry wt. roois, &
92,92 92,6 105¢C c,0 120, 120,120 105,105
0.77 064 0,33 0.3 0,31 0.27 0,26

Dry wt. shoots, g
92,92 92,6 1050 GC 120, 120,120 105,105

5,50 373 333 24 20 19 Lk

*Treatrent,
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b

increased, (2 fold), »v exposure to the 92 db level., 4
decrease was noted after continuous exvesure to the 103

or 120 d* level but this was not significant. The dry

weicht of shoots of plants exposed fc 103 &% sound durins
the chillinz period is only on the horderline of sirnifi-

The mumber of stomziz and numter of Trichomes

)
(2]
i

manle ¥. Jumber of stomata and +richemes . 2 em from iiD

o -
Seomave

Treatment upper lover Trichomes

C,C 23.552,7 19.7%3.83

5%, C 25,31%L,L 20,8%2.4 12,5

-~
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E) orovhocenesis

The time required by Rideau wheat plants to initiate
floral induction as evidenced by staze 1% (Friend et 21, 19%3)
is shown in Table XI. Plants vernzlized and srown in comtrol
chamters are compared with those vernélized and zrown in the
presence of eﬁther.continuous 5XHz souné or con%inuoﬁs random
white noise (R¥WX),

A1)l three series required twenty-nine days to reach

stage 14, Differences in-flaz leaf number wers ineiznificant..

Tadle ¥I.. Yorvhozenetic studies of Rideau wheat

) Yo, 0f rlag

, Srowth . Fe. 0F Tmerzed ;eaf
Treatment Stare period Tillers - Ieaves Sumber

' C,C b 29 days 2.5 £ 10,5 10.2

57, 5% b 29 days L0 13,5 10.%

RYY ' 1L 29 days 2.7 10.9 10.0

"he nuzber of tillers znd number of emerzed leaves ¢

-

plants in the 5¥%7z series were giznificently lzrzer than trose

of bSoth the control and random white noise geries. Differgnces




=95
between control vlants and those treated ﬁith random white

noise were insignificant.

iv) Resviration Rates g .

a) Grains

Cxygen upteke and carbon dioxide output of fully imbibed
Marcuis and Pideau ﬁheat zrains are presented in Tables XII
and XIII. There was a direct relationship betweeﬁ respiration
rates and the'length of the chilling period and/or lenzth of
time in the csrowth chamter.

Oxycen was taken up more rapidly by non-chilled ¥arquis
crains expoéed continuously to 5X¥z sound for. L& hr then by -
control gréins. Differences in carbon dioxide production were

ther oxyzen usigke rer

VY S Ces
[

carton dioxide production of the chilled crains were siznifi

cantly affected Qhen sound;exposed erains were.compared with _
controls. |
Zoth oxyzen uptake and cardon &ioxide production of
Fideau zrains.weré enhanced in non-chilled zrains exposed to
5K32 sound for 48 hr, and unaffected in chilled and sound-
exposed zrains, when compared with controls,
The volume of carbon dioxide éivén cff Ty four-week chilled
Rideau grains as measured in the ﬁarbﬁr; apraratus wes only 30%
.that megcured in the infrz-red zas anzlyzer, Differences

hetweer control zrains and sound-exposed crains were insismi-

fi Can't .
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 Tsble XIT, Respiration ratesof Marquis wheat grains (t-test at 5% level)

02 Uptake C02 Production

Treatment (/g/m) (/g/h)
24 hr in g chamber K¢ ¢ 5K
| 06 06 w1 107
48 hr in g chamber 5K c X ¢
270 202 . %3 203
2 wk.at 2°%C c 5K : (R ¢
163 W2 . 184 160
2 wk at 29C plus c 5K B G
2 b in g chanber 264 27 28
L wk at 2°C c 5K . c K
FUEE N W
b wk at 2°C plﬁs c 5K c 5K

24 hr in g chanber 516 h60 516 )4,19
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Table XIII. Resviration rates of Rideau wheat grains

(t-test 2t 5% level)

0, Uptake ~ C0p Procduction
Treatment m/g/kr) (1/g/hr)
2L hr in g chember K ¢ K ¢
222 143 248 170
48 hr in g chamber - 5k ¢ B O
2 vk at 20C c osx . c 5K
143 110, 150 1ks
2 wk at 20C plus K° € 5K ¢
2k hr in z chamber- ,
' 217 19 237 184
b wx at 20C C 5% . 5K ¢
23¢ 240 200 _ 201
L wk 2t 20C plus 58 C C 5%
24 hr in z chazder
- Lak  L74 Lgz  L73
b wx 2t 2°C plus
10 hr at room fenperaturs ¢ 54

(1RGA znalysis) 1230 1244
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Respirétion rates of non-chiliéd Rideéu zrains vere
double , that of non-chilled ¥arquis zrains, dbut rates of
_foyr;week'chilled grains werelonly 75% those. of the ¥arquis
grains (Table XIV), Differences between respiration rates

of two week chilled srains were insiznificant,

%) Plants

Net,respiratioﬁ_and photosynthesis of two-week old
Rideau wheat ieaves are shown in Table XV, There .were no
significent differences in the rate of carbon dioxide pro-
.duction or ubtake when either vlants exvosed td sound while
respiration and photosynthesis measurenents vere Seing made,’
or plaﬁts,srown from zrains vefnalized in thé Tresence of

5¥¥z sound, were comzarsd with controls.

v) Imino acid 2nalysis

The concent*a jons of 2icohol-extiractahle amino acids
ard amides of the embryo and endoenerﬂ of vernalized CO“u”O’

and 5K-exposed'grains are viesented in Table VI,

The amino acids were, on the averaze, 13 mes more cOn-
centrated in the embrye than in the encosperm, The most

- gbundant 2mino acids in the embryo vere serine, proline and
alanire, The concenirations of serine and proline were 21%

-

and 2%%, resnectwvely, hizher in the control series than i;
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Table XiV, Comparison of oxygen uptake of Marquis (X) and

Rideau (R) wheat grains (t-test at 5% level)

02 Uptake
Treatment - ' (1 / g / br)
24 hr in g chamber ' R M
163 104
I8 hr in g chamber R M
35 - 202
2 wk at 2°C ] M R
163 143
2 wk at 2°C plus M R
24 hr in g chanmbe
§ chamber 2% 193
b vk at 2°C " M R
»
4 wk at 29C plus R

24 hr in g chamber

B =
£
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Table XV. Net rates of respiration and vhotosynthesis of
control and sound-exposed two-week old Ricdeau

wheat leaves

Sound Rate of CC) Produttion Rete of CCp Uptake
exposure (pl /‘g / min (¥ 6) (p1/g/nin (%51)
C,C,C | g1 S 978
€, C,300 83 97%
¢,6,1250 S | 980
£,Cy5% 8k 958
C,C,12% 21 ¢o1

»C517% 86 ok
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Teble I, Free amino acid composition '(;m/ms dry weight) of vernalized o .
control and sound-expossd Ridesu wheat g:ains .

Enbryo Endosperm

o x  C 5
Aspartic Acid. 2 43 . 5 7
Serine 8 6 . 4
Glutamic Acid ' 5 55 6 5
Proline B 4 4
Glycine | % @ 3F¥ 1 4
Alanine 121 1% 5 2
Valine . s 2 2 2
,Hethionin; o+ 4 + +
Isoleucine ' 7 - W 2 1
Leucine | . 19 9 1 1
Tyrosine , ' - - 1 1
Phenylala.niﬁe . ‘1 13 . 2 2
Iysine + + + 1
Histidine W W + 1
Arginine. ' | 22 % 1 1
Me | 304 25 16 - 10

 Glutaains | % 58 13 n
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the sound-exposed seriéé. Alanine,.héwever, was 62% more
concentrated in the 5% exvosed series.

Differences in tﬂe concentrations of aspartic acid
and zlutamic acid between the control and sound-ekpased
emdryos were insisnificant. Concentrafions of these two
aniro acids were lower than those of serine, proline and
alanine, tut the amides, asparzine and zlutamine, were
much more. atundant. 'There was 20% more asparacine and 13%

“more zlutamine in the control embryos, than in the sound-
exposeé embryos. The aspara:ine content of the endospefﬁ ?
ﬁas also hi;ﬁer (40%) in. the control series than in the
sound-exposed series. C S . %

Aithou;h the free amino acids apd amides vere more
concentrated in the embrycs of the control seriss than in
those of the 5% series, the relative provortiors of most

amino aciés were the same for the two series (Takle XVII).

The amino zcids showinz the zreatest differences vere ala-
nine, which was twice as abundant in the emoryc and half
as abuﬁdant in the endosverm of the 5X series when'cogpared’
with the contr§1 series; ¢lycine, whic;wasnwre then four
times as 2bundant in the endosyernm pf ﬁhe 5¥ series; and
: aspar%ic aeid, thchwas apprbximatgly'l;s times aé‘abundant
-in the endosperm of the'SK series while its amide, aspararine,

" wes approximately 1,5 times as abundant in thao‘of the control

se:ies.
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- Table XVII. Relative proportions of free amino acids (%) of '

vernalized control and sound-exposed Rideau wheat

grains : ,
Enbryo Endosperm .. s
c sk ¢ K é
Aspartic Acid . 2,6 3.0 7.9 12,7
Serine | 5.2 4.2 6.3 7.3
- Glutamic Acid C37 3B 95 ol %
Proline : 151 132 6.3 73 |
Glycine © 2.8 2.5 1.5 7.3 '{
Alenine 75 135 79 3.6 E
Valine | 2.2 19 Bl 35 ?
methionire + 4 + +
Izoleucire . 151 1.0 3.1 1.8
Leucine 1.2 0.6 1.5 1.8
Tyrosire ' ' s o+ 1.5 1.8
Phenylzlanine : 0,7 0.9 3.1 3.€
Lysine + + + +
¥istidine ' 0.9 ..l-.O ¥ 4
Arzinine - _ 1,4 1,0 1.6 1.8
Asparazine | : | 12,8 17.% . 25, 18,1

2 20,6 20,1

0
N

Glutamine 3740
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'b) Total Amino Acids

The total amino acid compdsition of the embryo and
endosperm of vernalized control an d 5K-exposed grains are
shown in Table XVIII. Concentrations in the embryo. were,
on the avérage, 1.5 times higher than.in the endosperm.

In all cases except methionine, the amino gﬁid con-
centrations were hizher in emoryos from the control series
than those from the. souﬂd-exnosed series. The zreat-st
differe nees annea*ed in nro1 ne (64%) and "l"Cl“e (75%).
Methionlne was onlv tresent in trace amounu in coth series.

Asnaraei 1e and glutamine concentratlons vere 1ncluded
with aenartlc acid and elutamlc acid concentrations since
the amides were converted to theif respective amino acids
by acid hvdrolvs1s durins th .prevaration of he sample
(Boutler 19%4), There was 267 more aspértic'acid and 41%
more ;lufamic acid in the embryos frdm the control srains
than those‘from the scund-exposed grains.

Anino acidé were aléo more concentrated in the enco-

sperm.from the control series than in that from the sound-

whlch were more covcent*ated in ths.sound-exno=e series and

methionine, histidine, lysine and arclnlne, wnich were avout

" were asvartic acid, serine, slutamic zcid, proline and cly-
cine, These were respectively, ok, 3%, 21, 5% and £2% more

abundant in the control series than in the 5X-expesed series,




-105;

Table XVIII, Amino acid composition (M /.g dry wt) of vernalized

control and soundeéxposed- Rideau wheat grains

Enbryo ~ Endospemm

c- 5K ¢ 5K

. Aspartic Actd 5. A 62 3
Threcnine mo .2 4 3
Serine | 2 1 7 5
Glutamic Acid 20 g 328 23
Proline 68 W 109 20
Glycine %3 - 93 96 5
Manine 13 90 62 13
Valine 42 35 2 33
Methionine + + + +
Isoleucine 23 20 | 13 . 27
Leucine . ¥/ 63 52 7

" Tyrosine S 13 » 27
" Phenylalanine 1 3 % 2
Lysine 5 7 + 12
Histidine % 28 Bt 18

Avginine | 6 w1 1
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Percentaze composition was almost the same for the
amino acids in both the emdbryo and the endosperm of the

two series (Table XIX),

vi) Nucleic Acid Content

The RUA and DA content of the ‘embryos znd endosperns
of both control and sound-exposed zrains‘foilowinz two and
four weeks éhillinz at 2°C, are shown in Tadle XX. : ?

| ~ After voth 2 wk and L wk there was a siznilicantly
lgrzer amount of R¥A in % he embrvos of the 5% series when
compared with that of the embryoé of the control series,
when the data were expressed eithér'on a fresh weizht or

" per 10 crains basis. Differences tetween the two series
in RYA conient of the endosperms and DUA coﬁtent of toth

the embryos and endosperms were insignificent.

=0

vii) Zitosis in the oot Avical feristexm

The effect of zudible sound on the rurmber of metaphases,

the averaze cell lenzth anc the lenzth of the apical meristem
of roots of four week chilled Ridezu wheat is shown in Table
XZI, There ﬁere rno siznificant diiferences between the
control and sound-ezpcsed series for any of the parameters

exanined, _ i
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Table XIX, Relative proportions of amino acids (%) of vernalized

control and sound-exposed Rideau wheat grains

Enbryo Endospern
¢ 5K c 5K
Aspartic Acid 1.9 | _ 12.4 6.6 k.5
Threonine 59 5.6 .2 50
Serine 9.2 1.0 8. 8.0 .
Glutamic Acid 15.9 16.0 - 35.0 3.4
Proline 5.2 bS5 1.6 9.5
Glycine 12,5 10,1 © 10,3 7.8
Alanine 10,1 9.8 6.6 5.9
Valine 3.5 3.8 2.4 4,5
Methionine + + + | +
Isoleucine 1.8 2.2 1.4 3.7
Leucine 7.5 6.9 5.6 6.4
Tyrosine 1.3 14 . 40 3.7
Phenylalanine 3.3 4,0 3.8 - 3.7
Iysine 4,0 40 + 1.6
Histidine 2.9 31 1.8 - 2.4
Avginine 48 50 L3 19
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Table XXI. The effect of audi%le sound on mitosis in the

avical meristem of Rideau wheat seedlinss

Treatment of Creins

Parameter ' Control SX-exvosed
Xumber of metzphases 4bs -t 10 TS A 1)

"+

Lenzth of cell, mm 0,004 % 0,003 0,014 * 0.003

-
>
L]
()
A\

Len=th of avical meristem, = 0.3% £ 0,03  0.37

The activity of peroxidase in conirol and S¥-exposed

grains and seedlinzs are shown in Tatle XXII. The enzyme

—

Oy souné exvosure., The enzyme was aprroximatelv 2,5 *imes

more active per unit fresh weishti in rrains that had heen

=y
A\

allowed to sprout at 2390 ¢

from the cold, -

X) Artificial “swhrenes

The effect of 5K¥z auditle sound on the éizlysis of

sucar- is shown in Table XXITI. The zudizle sourd arpezred
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susar throush toth the sound-exposed and .the control memirares
vrears to be slower after 96, 1LL or 182 hours treztzent than

afiter 24 or LB hours <reatment.
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Tatle XXII. Effect of sound-exposuré on peroxidase activity

of Rideau wheat grains and seedlings

‘Peroxidase Activiiy (Chanze in
Absorbance per 100 sec per -

Treatment me  fresh weizht) .
Srains c 0497 £ 0,04
O 0,92 £ 0.0k
Seedlings CyC . 235%0.53
5K, 0 2,43 % 0,28 :

Table XXIII, Effect of 5¥Hz sound on rate ofdialvsis trhrousn

" cellovhane membranes

Sugar Conmceniration, ps/1

Treatment Time, hr c 5
2L o B & 43

L8 | | 55 !

% - 29 30

14k 23 4 23

102 ’ : 4 2%, ' 29
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x) DP-32 Uptake
P-32 uptake by control and souﬁd-exposed wheat crains is
shown in Tatle XXIV, Uptake into the endosperm and transvort
to the embtryo avpeared to be slizhtly inhibited in the sound-

exposed series when compared with controls.

Table XXIV., P-3Z uptake by conirol and sound-exposed Ricdeau

wheat grains

frain Part c 5¥
Bhryo 15k 110
Endosperm 133 115

The uvtake cf P-32 dv the roots of younz Rideau wheat
plants and its subsequent translocation to the shoots is
shown in Tahle XXV,

Tatle XXV, Uvotake of P=32 ny younr Zideau wheaet plante

™

o Activity, cpm/10pz ash wi
Form of P-32 Soluticn Roots($200)  Shoois(T50)
C,0° 5%C e 5%
Water (¥on-Sterile) 3081 2255 L3l 162
Culture Solution 2210 gok 222 159
Water (Sterile) ;1 o7 L £39
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. P=32 appeared to adcumulaté_tmare readily in the roots
of the comtrol series than in those of the sound-exposed
series, - However, tragspo?t to the shoots did not appear to
be affected by the sound-exposure. Uptake by the root= and
transport to the shoots was 1nh1b1ted in both series when ‘
the P-32 was added to culture solution instead of to distilled
water.s The effect was greater in the sound-exposed sériés'than
in the control series.‘ Uptéke by sterile ﬁlants from sterile.
water was only 25% that from non-sterile water in both series,
but rate of transport to fhe'shoéts vas unéffected. Growth

of sterile plants was inhibited when compared with thaf bf

non-sterile  plants (Fig. 25).

i) =Effect of audible sound on Rideau wheat contaminanis

The rates of growth of colonies of “ucor reuxianus are

shown in Fig. 26, Yo differences were observed between cole-
nies grovm in control chambers and colonies grown in chambers.
ex?osed to 5% sound, Sporangia appeared on 211 plates approx-

1mate1v L8 hr after innoculation,

The number of colonies of Zzcillus ST, Pceudo*Oﬂos R uor=

escens and Fusarium solani apvearing two days after innoculatlon

are chovm in Taﬁle ¥XVI, CThere was'ﬁq‘51;n1flcart differences
in tﬁe number éf colonies on plates gréwn in SK;exposed chambers
compared with those grown in control chambers, However, colo-
nies in th e-5Y-exoosed chamber were only 1.5 mm in diameter

comnared with the 5.0 mn dlameter of colonies grown in the

control chamber (Fiz. 2?)..
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Fiz. 27, A-2, Effect of Audible Sound on Colonies of

Pseudomonas fluorescens. (A) C. (3) K.
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Table XXVI. Yumbers of colonies of mico-orzanismgper petri

dish gpparenj two days after innoculation-

Sound Exvosure

Orzanism Control 5K
Bacillus So. : 20% 3 20t 3
Pseudomonos fluorescens - 150t 32 . 185t 25
Fusarium Solani 159t 8  155% %

Fxamination of P. fluorescens under the microscope showed

these bacteria to be fairly motile. Therefore further tests,

desizhed to determine whether audible sound has an effect on
#acterial motility, were carried out using an extrenely
motile strain of E. coli. Swarminz of these tacteria vas
sreatly inhitited in plates placed in %rowth chamters exposed-

to 5¥iz sound at an intersity of 92 d» (Fiz. 22), The inhi-

vitins effect was.even more pronounced at an intensity of -
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3) Field Studies
i) . Wheat

erztion

Results of zrowth stud ies of =oura-nxno=eh anéd control

- s

imbived Rideau wheat grown to maturity at the Centrzl =xpe-
rimental Farm zre shown in Table XXVII. Sound treatment

R

durins the chilling period had no effect on tne

’3

wmser of
neads, Gry weizht or vield of srain, thus indicatinz that
the effects of sound exposure were losi when planis were

srovm to maturity in the field; i.e., under non-controlled

conditions. In addition,head emerzence of zlmost the whole

field, rezardless of pre-treatment, was -noted on the same day.

Desults of srowth studies from non-imbited srains are

n Table XXVIII. Differences deiween +treatments were

A comparison of Tables XXVII an 1§ XXVIII illustraies the
necessity of water sor vernalization to de effective, Plants

crown from non-imbined srairns exhi hited 2 L6-547 increase in

2
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compared in plants zrown from fully imbided zrains, zowever,
Wy the end of the summer these vlants had not procucet any

sooroxinately 40 ¢ in heizht, coxzpared

.zrain ané were On }

with 100cm, the heizht of the ‘rrain-producinz planis,
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mable XXIX, Second generation plants i.e., grains sound-treated, -grown
at farm then harvested grains vernalized and grown in '

growth chamber (t-test at 5% level)

Height, c» F 5K,C B F C,C
614 . 58,7

| Number of tillers F 5K,C _ F C,C
4,9 4.8

Number of roots FC,C 3 ¥ 5K,C
32,3 - 29.9

Fresh wt. shoots, & F 5K,C FC,C
9.83 : 9,05

Dry wt. shoots, g ~ FCC . P 5,0
T 1,55 1.52

Fresh wt, roots, & F C,C ~ F5KC
2,23 . 2,10

Dry wt, Toots, 8 F C,C © T PSKC

0,25 . 0,22
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) Seconé Zeneration

The groyth'of planfs from zrains hervested from the
oricinal imbibed control and SK-exposed grains and grown
without sound exposure is shown in Taﬁle XXIX. WVhen plants
were sampled after eizht weeks growth, there were no signi-
ficant-differences in any érowth péfameters. Thus it
appears that the potentiallfor an enhanced }rowth rate does

not carry over into the second zeneration.

Alf2ifa and Trasses

-t
iy
g

2) 1948 Sowinz

The frech weizhts of Chinook.ofphard srass, frontier
reed canéry zfass ané vernal alfalfz, sound-treated in (itawa
and zrown for +two months in the £iel@ in 3ritish Ccluzdia,

are srovn in Table XiX.

Table XXX, Sritish Columdia field trial (1948)

e . . ———
-— a—

-Total Fresh ‘eizht

Species " Treatment . of Plents ¢
Chincok Orchard 5rass C,C 311
5%,C 742
12%,C 218
Frontier Feed Canary Crass C,C 1228 )
- 5%,C 2208
12%,C 2457
Vernal Alfelifa | €sC ' 2812
5%,C 3701
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The total weizht of Chinook orchard srass grown from
seeds exposed to 5Xxz sound was 2.5 times thét of the
controls. That of plants zrown from seeds exvosed to 12KHz
sound was only 70%.that of the contro'ls.. .

The total.fresh weishts of frortier reed canary crass
grown from seeds exposed to either freguercy were doudle
those of controls, while fresh wel : 1ts of verra1 alfalfa
.wére avproximately _.4 times those of controls.

Fresk weizhts of the second vearts crowth cf frontler
reed canary srass andé vernal alfalfa are shovm in Tadles
XXXI and XXXII. The weizht of the *iret cut of frontier
reed canary srass, zrown in the fertilized plots from seeds
exvosed to either 5¥Hz or 12%=2 sound frecuency, was 20%
larzer than that of contrel plants. This increment was

not apperent in the seconé cut. Iowever, the weizht of

€«

n the unfertilize

e

plants srown from s¥Ez-exposed seeds
plots was double that of the contrOIS'i; the first cut and
1,5 times that of the cortrols in the seconé cut. Weights
of plants srown from 12X7z -exposed seeds were 1.5 times -
that of con‘:.ro1 in the flrst cut 2nd 1,1 times that of the
controls in the second cut.

It avvears, therefore, that suinulation of plant srowth

by exposure to S%Hz sound is arparen t in the seconC years

growth only in unfertilized rlants. The total fresh welzhp

of clippirzs from the sk-unfertilized vlot is comparable

t=e

with that of the clippinzs from the control unfertilized -




Table XXXI.

;.12b.-. j.

Fresh weight (g / row) of frontier reed canary

srass sown in 1968 and cropped in 1969

. . Sound Treatment
Cut c sk 12K

Flot

Pertilized 1 ~ o3 . 1129 15
2 366 360 P
Total 1295 -1k29 1395

Unfertilized 1 sep T 103 772
2 - 181 255 204

Total 708 1208 e75
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‘Dable XXXII. TFresh weight (g / row) of vernal alfalfas

sown in 1948 and cropped in 19%9

U S S~ e 2
. Sound Treaiment
Plot Cut . C 9K 12¥X

Fertilized 1 1824 1475 1755
| 2 714 £93 3
3 sz 508 - 569

Total 28 2876 2973

Unfertilized 1. 817 gal 722
2 M 757 €80

5 391 522 oo

Total 1979 2143 1852
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plots is only half the weight of clippings from the control
fertilized plot.

Differences between fresh weights of the control and
sound-treated series of vernal alfalfa were very small in
both the fertilized and unfertilized plots. Fresh weights
of plants grown in the fertilized plois were approximately

1.5 times those of plants grown in the unfertilized vlots. .

) 189 Sowing

The fresh weights of reed cznary grass are shovn in
mable XXXIII. Weights of plants grown at the Central ZXpe-
rimental Parm, COttawa, Cntario, from seeds originally treated
with 5KMz sound at an intensity of ¢2 dt were significantly
larger than those of plants grown from non-exposed seecs.

Other treziments had no siznificant effects on the weights.

-

_Xome of the treatments had zny significant effects on the
fresh weight of plants grown at Cardston, Alberta. Again,
this is provably related to the gifference in fertilizer
regimes.. At the Experimental Fara the plot was'fertilized
(8-1€-16) 2t 2 rate of 400 lb/acre only once before seed
planting while at Cardston fertilizer (10-30-10) at a rate of
250 1b/acre was applied three +imes in the course of the grow-
ing season.

The effects of infra-red, cold- and sound-exposure cf
seeds on the growth of vermal 21212 are shovn in Teble
+

XXXIV, Tone of the treatmenis had any significant effect

on the fresh weight of the planis.
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Table ¥XXIII. Fresh weizht (g / plot) of reed canary

grass (16F0)

Iocation of Plot Presh ¥Weisht (z

Q
—

Cttawa, Cntario 92,0 WG, 1058 C,8
k037 kb7 3337 3221
Cardston, Alberta c,C £C,C 105, 92,C ‘
. ".:t

LA39 L2590 4210 3074

*# ¥C Yon-ghilled control
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Table XXXIV. Fresh weight (g / ﬁiot) of vernal alfalfa
~ grown in dttawa, Ontario, 1969 (Scheffé's

test at the 5% level)

Treatment of Seed

Infra-red: . C,c . KC,C 92,C 109,C-
"  Bo37 3810 308k 765
- 3583 3583 3720 3403

The weights of the June 4, 1970 clippvinz of the 1049 -
* sown 21f2lfa, reed canary zrass and Kentucky blue zrass are

shown in Table XXXV, There were N0 siznificant differences

between any of the treatments.

Table XXXV, Dry matter yield (z / plot) of second year

crovpinz (June 1970) of plants sown in 1069.

Treatment of Seeds

Species ¢,C  ¥C,C - 92,6  105,C
" Reed Canary 7rass 1069 1721 1575 1753

Xentucky 2lue Grass 1171 1188 1139 1227

Verral Alfalfa 1719 1725 1692 1659

Vernal Alfalfa IR " 1650 1783 1698 1735
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III ZEnvironmental Effects on Plant Zrowth with Svecific

Reference to Electromasnetic Fields

Weizhts of the heads of-Mafquis wheaf plants grown from
grgins exposed to magsnetic fields are shown in Tables XXXV
and XXXVII.

The weichts of heads of §lants zrown -from zrains exposed
t0 a field of 14,000 Causs for éither 18 or 0 hours were sig-'

. nificantly larger than thoée‘f;om grains exposed for 47, 24 .
of 7 hr. An analysis of.variance showed the overall effect
of embryo position during exposure, to be insiznificant
rezardless of exposure period. HoﬁéVer Fiz, 29 illustrates

~ the siznificant interaction between exposure period and
embryo position. Effect of emdryo position is insignificant
frqm zero tb 18 hr exposure time. ZHowever after a 24 or 47

hr exvosure veriod, weishts from plants from zrains treated

with the embryo parallel to the field of force were 25-70%
1arger.than those from zrains treated with the embryo perpen-
dicular to the fields of forces |
' The weizhts of the heads of planis exposed to a field of
220 Zauss for.7 hr.were';ncreased by 30%, when compared with
-'c;ntrols. Expdsure at the higher field intensities resulted
in 2 15-307 decrease in the weizht of the heads when compared
with controls, The overall effect of embryo position was
° jnsiconificant when averazed over the ranze of field'intensi-
ties, Interactions between embryo position and field inten-

sity were insisnificant,
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mahle ¥XXVI. Effect of masnetic field of 14,000 Causs
on weizht of heads of ¥erquis Wwheat

'
(Scheffe's Test at 5%)

1) 2ffect of Exposure Period.
Exposure, ar. 18 ¢ u7 24 i
Dr"f Wt, g 1.09 0098 0078 00’37 0.61

O ————————

2) Effect of Zmbryo Position in Relation to K-=3 S
field of force.

Embrvo Position —) i) T

Dry wt, £ 0.99  0.80 0.76 0.7
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Table XXXVII. .Effect of exvosure to masmetic field for
even hours on weicht of heads of Yarquis

wheat (Scheffé's test at 57 level)

——
pem—

/)

Effect of Field Strenzth
Field Strensth, Causs 220 0 . 3500 1700 7000 1000
Dry Weiczht, z. 1,40 1,01  0.82 0._79 0.70 0.40

S ————————————

Effect of Imorvo Position in Relation to ¥ =3 S

Field of Force

Embryo Position 1 i) - —
Dry wi. 2. 0.2% 0.£3 0.2 0.74
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The averaze number. of grains'per plant of Harquis
wheat exposed to magnetic fields for 7 hr did not vary.
with embryo position, but was increased 'by 33% in a
field of 220 Gauss and decreased by 33% in 2 field of

1100 Causs (Table XXXVIII).




1 )

Table XXXVIII, Effect of exposure to masnetic field for
7 hr on averase number of grains per
¥arquis vheat plant (Scheffée's test at

5% level)

1) Effect of Intensity

Intensity 220 0 14,000
Dry wt, £ 24,6 - 18.2 13.5

2) Effect of Embryo'Positipn in Pelation to K= S Field

Embryo Position 4 Ty = e~
Dry wt, = 1849 18,8 18,6 18,0
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DISCUSSICN

I Controlled Environment VS Field Studies

Weny studies of crop plants have been made»in.growth chaﬁ-
bers and greenhouses vhere the plant epvironment'can be contrel-
- led to some ex»eﬁt. In many chambers, the temperature, relative
hunidity, daylength, light intensity and light quality can be
varied within defined limits, specific to the'growth chamber.
Tence detailed studies have been made concerning the relative
effects of temperature, light intensity, wavelength, soil mois-
ture stress and soil aeretion on the vegetative_productioﬁ '
(Friend 1961 , Friend et al 1962a, 1942b, 1945; Welbvenk et 2l
1968, Campbell and Ferguson 1969, Hofstra et 2l 1069) and grain
vield (Friend et 21 1963; Friend 1964, Canvin 1967; Campbell
and Read 1968, Campbell and Ferguson 1969, Rawson 1970) of wheat
and yield of forage crops (Smith 1970).

Conversely, during field trials the mejority of growth
limiting factors cannot be controlled, Those which can be
manipulated to some extent often interact with non-controlla-
ble factors. For example, yields of wheat and alfalfa are
related to vlant density, tut the intensity of the effect de-
pends on the amount of aveilable moisture present in the scil
(Kilcher and Heinrichs 1669, Pelton 1049), Fertilizailen of
the so0il will often.increase Crop vield (Peterson 1065, lawrence
and Ashford 1959b, Ledingham 1970), tut much of the applied fer-

"+i1igzer may become rreciritated and hence be unavailable to

the plants.,
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Weather and climate, anéd thus rainfall, %emperature,
licht intensity, light quaiity and wind interact to modiiy
vlant growth and development. In addition, the planis
modify their own environment and horizortal, as well as
vertical, gradients of temperature, carbon dioxide and
relative humicdity are set up over vegetation stands (Fenman
and Tong 1940, iuskin 1968), Althoush such gradients are
described in connection with vezetative stands, they are
usually neslected in srowth chambder studies.

In the zrowth chamber used in the present study, temper-
aturs at any one point varied within 1.500 and the @iffer-
ence between two poinis was generally less than 2C° (Fir.2)
Differences between points were consister® though szall,
The cooling svstem of the chamber apoeared to ve efficient
enouzh to cove with heat oroduction and even over-compen-
sated when the room temperature was hizh (Fiz. 3). Hence
it appears that the air circulation may be inadeguate ©0
maintain 2 constant temperature throuzhout the chamter,

This could stronsly affect plant crowth sirce gradients of
carbon dioxide mizht also duild up. Unfortunately, the
equipment necessary for such measurements was not available,
mhe effects of toth temperature and carton Gioxide con-
centrations interact with those of lizht intensity te modify
plant growth and development (Thomas 1945). Air circulation

1so importent to the giffusion of carcon dioxide Secause

e
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In general, rates of photosynthesis and plant crowth
are accelerated by increments of carton dioxide concentration
(Lemon 1963),'temperature and lizht intensity (Friend et a2l
19422, 1962b). Friend et al (1963) Friend (1965b) also
found thatvfloral initiation of wheat was earlier with in-
creases in temperature from 10 to 30°C ang light intensity
from 200 to 2500 ft-c, althoush the spikelet number wes hizher
at the lower temveratures. At 25°C, the dry weizht of iarguis

wheat plants was five times higher at 100 fi-c than at 500 fi-c

o

(Friend et 2l 1062b), This susgests that the ranze of 710
t0 QLO ¢ found in the growih chamber in the present siuCy

may have important effects on plant growth. A%t 1000 £i-c

rild

Priend et 2l (1062%) also found dry weizht tc te the sane at
200C znd 25°C, but %o be less than half at 30°C. At 500 fi-¢,
dry weizht was less at 25°C than at 20°C ané least at 30°C.

In the present study, plants:were'smaller at the sides of the

chamber when compared with planus in the middle,although the
Zence

temperature was higher on one side ané lowsr on the other, Zzence
it appears that temperature was not one of the major factors

in the zrowih pattern observed in the growth chamber STUCY.

Light intensity and possibly carbon dioxide concentration

may be more important,

The present study suggests that exireme caution must be
+aken when growth chamters are used¢ for plant srowth siudies,
Dlants should be rotated in an aitezpt to lessen zracient

effects and chambers chould not be overcrowded fo allow zée~-
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quéte cireulation of air, . Iight intensity should be checked
often since fluorescent bulbs become dimmer before they burn
out and iight intensity can decrease by 200 ft-c over a two
month period. Experiments should also be repeated in alternate
chambers to exclude the possibility of a chamber effect instead

of an experimental effect.

TT Germination and Growth of Flanis

A) Zarlv studies on the effects of ultra-sound and audible

sound
Stimulation of germination and growth of barley, sunflover,
pine, spruce and Siberian pea tree seedlings by ireatment with

ultra-sonic waves has been demonstrated oy Obolensky (1953,

1957), Kozubov and Gamyushkina (1964) and mimonin (1965), This
effect was accompanied by increased activity cf some enzymes,
including -amylase and catalse and an increased respiraticn
rate. OCbolensky and nimonin toth foundé the effects of frecuency
end exposure time to vary with species, Both found a threshold
level, below which germination and growth were enhanced, but
above which, they were inhibited. mhe frequency ané amount of
energy required to vroduce these effects appears to vary widely

among species.

- (3 F 4 4 -~
Very few siudies concerning +he effects of audible sound have

.

been made, Singh and Cnanam (1960, 1652, 1965), Singh and Krishna

(1980} report increases in growth and yield of paddy and todacco
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followinz exposure to music. The rate of photosynthesis (Singh -
1949, Gnanam and Pajeraman 1961) and the rate of transpira- .
tion (Singh 1961) are also reported to increase following
exposure to music. Unfortunately, most of the above data
appear in the literature in the form of abstracts, so the
actual fizures are not availetle for inspection and thé

data therefore subject to question. However, Smith (Zicks
1953), an I1linois farmer, reported an increased yield,

faster seedlihg emergence, more rapid plant crowth, greater
uniformity of plants and earlier silking of corn £rown in
outdoor plots subjected to continruous music throughout the
growinz season., He found 2 further increase in growth when

he substituted 2 sinzle noie for the music. This increment

was creater when 2 low note, Lg0xz, was employed than when

a hizh note, 18003z was employed (Smith 1947).

The main points of similerity tetween plant response to
ultra-sound and vlant response to aucidle sound lie in the
importance of freguency znd intensity of the sound and

- species of plant in the nature of the response (Pubtsova 1047).

&

) Present Stud

The effects of audidle sound on rates of zermination and
crowth appear to depend on temperature andispecies of seed 2s
well 2s on the frequency ard intensity of the sound,

Cermination of Farguis and 2idezu wheats was stimulated

by exposure +o audible sound at 2°C, dut not at 25°C. At 25°C,

AN
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the audible sound may not have had time to assert its effect
since the grains germinated rapidly, requiring only 18 hours
for 98% zermination of Rideauw wheat and 26 hours for 987
zermination of ¥arquis wheat. In the few cases (Fizs. 18-20)
where audible sound did avpear to alter rates of germination
at 25°C, the effect was temporary and was soon lost., For
example, while the germination of Cenesee wheati was slizhtly
inhibited after § hours of exvosure to 5z sourd, the effect
was no longzer avparent 4 hours later when 007 ¢f the grains
had germinated. Zowever, the respiration rates of Yarguis
and Rideau wheats apveared to be accelerated guring germina-
tion at 25°C (Tadles XII and XIII).

At 2°C, germination of Rideau wheat was accelerated by
exposure to 5X%z, but not 1243z, zudible sound, The germina-

tion of ¥erguis wheat, however, vas stimulated oy exposure 1o

either frequency.
The 1r1t1a1 stazes of germination jnvolve the imbibition

jmbibition, the see increases

Nl

of water bv the seec. Duri

in volume as water ﬁolecules become adsorted onto the sur-

"faces of hydrophilic colbids (Ferry and Werd 1950), Proteins,
. mueilages, cellulose and pectic sutstances are tre major seed

componen ts wnlcn nave the capacity to imbite water (Faver

et ;i 1043), The presence or.zbsence of a semi-permeadle
memdorane 2ppears o nave litile effect on this process- (Shull

1020), Hence, the three na2in factors CO”»”01-1 s imbitition

are the availability of water, the permeatility of the seed
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coat to water and the compositiquqfthé seed (Mayer and Polja- z
xoff-¥ayher 1963)., Each species has a specific moi;ture content |
which must be attained before the seeds can germinate (Funter gf
al 1952). Any treatment which facilitates imbibition mey 2lso
enhance the rate of germination.

In the present study, it is apparent that audible sound did
not affect the rate of imbibition of Rideau wheat grains either
at 2°C or 2% 259G, Indeed, neither the rate of waier upiake nor
the rate of P-32 uptake appeared to be significantly afiected Ty
zudible sound (Figs. 15, 163 Table XXIV), However, Zushnel end
Obolensky (195%) found imbibition, as well as germination, of
barley grains to be accelerated following reatment with ultre-
sound. They concluded that the membranes and integuments of

the grains were modified by the ultrasound, thus permitiing a

more rapid upteke of water and pence 2 more rapid rate of germiﬁ.
nation of the.sonicateé grains, Wrile this may te true &t ultra;~
sonic frequencies our own work does not indicate that zudivle
sound affected the membrane ctructure in relation to the raie of
uptake of water.

' Hard-coated seeds such as those of alfalfa and clover are
reported to gernminate more quickly following exposure to inira
red radisztion (Works and Zyickson 1963, Kelson and Yiolf 10%ka,
19640), In the present study however, infre red radiation
appeared to have no effect on the germination rzte of alfzalfa
seeds as 211 plots sprouted with equal vigour (Zaenzige r 1369)

end yields were unafie ected by this treaiment (Table XZXIV),
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During imbibitioﬁ of greins, the cellular structure of
- the éndOSperm is broken down to produce 2 milky tissue which
contains reéerve carbohydrates, lipids and proteins (Meyer et
al 1943, Peterson 1965), Enzyme systems are activated and
nutrients from the endosperm are transported via the scutellar
vascular system to the young embryo (¥elall 103L), Iafcus
et al (1966) report that the protein-synthesizing 2bility of
younz embrvos develops during the first thirty minutes of

-

on in young seed, but is delayed in aged seed

p-te

imhibit

3

wounfield (1938) also noted that protein breakdown in wheat
crains was increasingly delayed with storaze time, This may

account for the longer time required for the cermination of

stored rerquis gzrains (Fiz. 20).

Tollowins enzyme activation, storage proteins in the
endospera are broken dowvn into amino acids which are then
trgnsported to the emdryo vhere they are synthesized into
metabolically active proteins (Chitnall 1939, Folkes and Yemm
1958), Jones and Feerce (1957) found that the loss of many amino
acids from theendospera was identical with the zain in th
emtrvo, ~his wes not true for 211 amino zcids and the result
of zermination was a net loss of zlycine and rlutenic zcid
and zain of proline, lysine and aspartic acid., IHowever
chanzes in the ratio of & mino acids (Aronoff 1962, Wanz 19 £8)
ard proteins {Daussant and Abtotl 1949) varies with species.and
stzze of germination, Oaks (1955) suzgested tnat Gesradation

of storaze protein in the endosperm may te rezulated o¥ amino

acié requirezents in the enbrYO,
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The amino aéid vattern in the present study is further
complicated by vernalization of the zrains. As vernalization
proceeds, new proteinsare formed in the embryo (Teraocka 1957)
and the patterns of aminc a2cids change (Trione 1966, Trione
et 21 1957, Jones 1969). Trione et 2l (1087) found thai, in
zeneral, the free amino acid content of wheat seedlings in-
creased durinz the first two weeks of vernalization, decreased
sharply durinz the third week and increased zsain during the
fourth week.

In the present study, evicence of vrotein treak-down in
the endospern, transfer of amino acids to the emtryo and
orotein synthesis in the embryo are suggested by the largerl~:=
amounts of - free - zmino z2cids in the emdryo, when compared
with the endosperm (Tables XVI and YVIII)., The changes in
the proporticn of amino acids in the embryo, comparsd with

proportion in the endospern suzrest the interconversion of many

amine acids during these procesces. Qur rssults support those

of Steward and Beevers {1967) which s milarily indicated that
interconversion may occur in the endospern as well as in the
emoryo, The hicher amino acid content in teth the embryvo and
endospern of the control series, when comparec with the sound-
exposed series su?gest +hzt more vrotein may have enterec the
respiratory crcle or have teen converted to some other nitro-
nous compound in the sound exvosed series, Steward et 2l (195%4)
found that pretein synthesis and respiration are clcsely related

and YeCornell (1957) noted that protein is used as an otlizatory
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substrate during seed respiration. Respiration measurements

[ dd

in the present study do not indicate an nereased rate of
respiration in the sound-exposec grains at 2°C although res-
piration appears to be accelerated when srains are serminated
at 25°C (7able-XITI). However, Folkeszn Yem (1958) found that
the relationshivp between the rate of respiration and protein
metaholism is not a simple guantitative cne and depends both

on the amount of protein and its rate of fermation. In addi-
+ion, the rate of resviration fluctuaies Guring rerzination
(vaver and Fol jakoff-¥ayher 1943, Yemn 1945). Thersfore respi-

ration measurenents of germinating grains ig questionable unless

o
o

cortinuous measurements are made during germination. Also zmino

acids may enter other metabolic pathways than those leacging to

respiration and protein synthesis.
Steward ot al (195%), using cultured carrot cells, showed

in +he

that althouzh the total amount of protein produced in ine

cultures depernded on the rate of srowth of the cells, the
relative proportions'cf amino acids was almost unaffecteds IThe
game relationship can Te seen in the present study when amino
acid content is expressed on & percentare nasig (Tatles X¥il
and ¥IX), Differences in total emino acid concentration

netween tne control and sound-cxposed grains are mirute, DOW-

ever differences of some of the free amino acids apgear sig~

i 3 35 NS G v A o b o b st sk sk a4 B b e e e ST N SO Sy _ -
T > i S T

ativaXa

nificant,

The percentaze of free alanine in the efxyo of ihe sound-

exvosed zrains is slmost double that of the control series,

e

while that in the endosperm ig 2lmost helf that of tne control
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séries. This may partly be due to an accelerated transport
from ﬁhe endosperm to the embryo, since Jones and Flerce (1967)
found {hat losses from the endosperm of cerminating barley
grains parallels zains in the embryo. Steward and Durzan (1965)'
found that alanine was present in larée guantities in the
soluyble nitrozen component of rapidly growing cells. Hence

the larzer proportion in the embryo of sound-exposed grains
mizht indicate a more rapid rate of development., Alanine may
also affect morphogenetic development since Virtanen and Iinkola
(1946) found that pea plants fed with this amino acid showed
an abnormally high desree of branchinz., Hence the presence
of'lar;e amounts of this amino acid in the emtryosof the
sound-exposed series may be related to the larse number of

tillers produced by these plants.

The percentages of free zlycine and aspartic acid ere
larger in thé endosperm of the sound-exposed series, while
that of asvarazine is hisher in the control series, Experi-
ments performed by Caks (1955), suggest that break-down of
storaze protein in the endosperm is controlled by the demands of
the embryo. Also- Steward and Beevers (19057) suzzest that amino
acid interconversions may occur in the endospern. Thus-large quan-
tities of glycine in the endosperm may indicate a larse demand
by the embryo for this amino acid. In addition, the presence of
graller amounts of 'asparég;ne'fin the sound-exposed series
comparéd tozmounts of asparazine in the control se;ies sugzests

that ammonia released during deamination is entering some 2l<

ternate vathway in +he sound-exposed series,
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Since zlycine and ammonia are used as precursors to RNA
(Webster 1059, McXee 1962), RNA synthesis may have occurred
at a more rapid rete in the sound-exposed series than in the
control series. Oota and Osawa (19%, 195:b) noted that inten-
sive protein synthesis occurs only during ¥ the early stazes of
sermination and appears to be related o PYA metabolism. Harcus
and TFeeley (105%4) suzgest that the soluble enzymes necessary
for protein synthesis mav De active tefore cern*naulo“, but
that imbibition is necessazry for the activation or formation
of megsenger RNA, VWebster (1959) found evidence to suzfest
that nucleic acid synthesis is necessary for, and coupled,with
protein synthesis. In addition, although 24, DNA and nrobewn‘
content all increase during cellular elonzation of roots
(Eeves 1959), the amount of R¥& synthesis while cells are

still in the apex- determines noth the rete of elongation axd

rinal size of the cell {Hoodstock and Skeog 1962 The amount of

TNA s'mthesis has no effect o rate of elonzation (¥Woodstock and
Skoog 1940), Smillie and Krotkov (1950) found that RNA content
0f pea leaves zave & good index of their metebolic activity.

In the present study, emtryos of sound-exposed zrairs
showed 2 sizrificantly larger amount of XA then emoryos of
control zraine (Tatle XX). ~nig indicates that the glycin
demand by the ermdryos of +he gound-exposed grains is indeed
larcer then that of the embryos of tro control zrains, In
addition, slycine, tozetner with succinyl Cod is utilized

v sy = 3 ™~ s ~
in the initizl stazes of chlorophyll syniresis (Devliin 1957).
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Boulter and Rarber (1963) suggest that loss of glycine from
bean seeds may be.correlated with &n increase in.chlorophyll.
Hence the larger amounts of gl&cine in the endosperm of the
sound-exposed grains may reflect a larger demand by the
embryo of these grains to be used in ﬁoth RNA, and proto-
chlorophyll synthesis. |

— However, the total amino acid content in the embryo of

the control grains is higher than that of the sound-exposed
grains. Coupled with the higher growth rate of sound-exposed
grains, this suggeste a rapid turnover and utilization of
these precursors of protein synthesis.

Since enzymes are part protein, changes in amino acid
and protein metetolism could affect enzyme activity. Kozubov
and Gamyusukina (1964) and Obolensky (1957) found enzymatic
activity to be stimulated in seeds exposed to ultrasound. The
activity of peroxidase was tested in the present study since
this enzyme is widely distributed throughout the plant kingdom
(licKargue 1920), is easy fo detect (Buttery and Buzzell 1968},
and peroxide content of corn grains has been reported to be
affected by exposure to ultrasound (Elpiner and Eronskaya 1960).
In addition, Ridge and Osborne (1970) found that both protein
synthesis and R¥A synthesis are - related to =. peroxie
dase activity.

The activity of this enzyme did not appear 10 be affected

by audible sound, but the testswere made. on whole grains at

only two stagzes of developzent, Eowever, the activity of this
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enzyme changes with plant part (Buttery and Puzzell 1958) and age
Daussant and Abbott 1969). The tests while not conclusive, do
indicete that at the stages of growth used here, a change
in neroy1dase act1v1ty in the grain CDnnot be used as an
indicator of tke subsequently observed onlc-stlmu&ated growth,
Since cell division and cell elongation are two separate
‘processes which océur ¢uring germination (Haber and Tuippold 1960)
it was decided to count the mitoses in the root tips of re-
cently sprouted Rideau wheat grains, It was found that cell
division (Tzble XXI), as well as elongation (Fig. 21), wes
unaffected by audivle sound. This was reflected in the DHA
content of the embryos of vernalized greins (Table #X), since
DA content was the same in both tThe control and the sound-
exposed series.
During the gernination of grain, nutrients from the

endospern are transported to the embryc via the absorbing

epithelium of the scutellun (ficCall 1934), Since the permeas
bility of cytoplasmic : nmembranes is one major €acoor which
controls the movement of subsiances from one cell to another,
any process which zlters the permeability could’conceivably

altet the metzrolism anrd hence germination ﬂd growth patterns

of the young embryo.

=

Howkine (1967) found the rate of dizlysis across 2 semi-
permeable cellophane pnemtrane to *e increased during exposure
to 1b¥Hz sownd., Ste Jarie (1070), similarily, found an In=-
crease in the rate of dialys sis of glucose curing exposure to
ultresonic frecueﬁc1es of 25%Fz and 435Kzz. “he effect wese

more pronounced at the higher freguency,
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The rate of diffusion across 2_semi-permeable membrane

depends on the difference in concentrations on the two sides

of the membrane, the permeability of the membrane for the

solute ané the surface areaz of the meﬁbrane (Renkin 1056).
Smthetic membrane permeability is dependent on the distance

a molecule must travel throush the membrane, the ratio of
nolecular diezeter o hole diameter and the frequency with vhich
the molecules kit the membrane (Leonard ard Bluenle 1958).

The latter in turn is devendent on the diffusion constant

of +the solute since the molecules rnearest the membrane are

trancferred first, leavinz a comentration rradient from the

membrane to the centre of the solution.,

Two factors which increase the rate of dialwvsis are

temperature rise (Sowkins 1047) and rapid stirring of the solu-
tions (Leonard-and.Bluemle]96PL Since the dialysis measure-
ments made by Sowkins and Ste. arie were made while the
ulirasonic svetem was operatingz, thege two fzctors could
secount, at leas:t partially, for the increased rates of
dizlveis in the presence of ulirasound, C“he only

s et Pt .
chanze, i.e., 2 change which Was still apperent after the

ultra-sound was turned cif, reported by Zowkins, was in an

. . . PO - .
experiment where the sound amplitude was sufficient o cause

cavitation, In this case, permeadility was decreaseié, not

jncrezsed,following exposures to ulirasounc,

nr zudinle sowné, zave no

Pete

The present study, utiliz

- po - -r - : . ‘| & . :""
indication thet the 5452 frequency nas any effect on ine

LY
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vermeability of synthetic membranes, Cnly permanent effects
were stucied because plant mem branes and hence synthetic
membranes were exposed to sound ‘for & much lonzer time than :
that reouired for the diffusion of glucose tb”ouah the menm- |
brane, This study was deemed adequate since audible sound

had a lestinz effect on plant growth as wheat plants zrown

from grains, exposed to sound only during the vernzlization

period,'grew larzer then olants zrown from control zrains.

Hence the sound must have initiated some chanre inthe cells
of the emdrvo that could be transferred to subsequent cell

senerations, althouzh it could not be transmitted to subdse-
quent olant generations (Table XZIX).

The transfer of ions across & biologically active men-

hrane is much more complicated than that across an inert
one since active transport, requiring metabolic enerzy, 2s
well zs diffusion takes plaée. “ence factors such as low
temperature and low oxyzen tension vhich inhidit metabolic
activity of nlanus will also reduce ion accumulation by the

p.la'ntS'

Distribution of nutrients within 2 plant depends on their
initial entfy ipto the root, their transfer to the stele of
" the root, their upward rate of movemen + 4o the shoots and their
dovrward movement back to the roots. “hue a nutrient entering
a root mayv accumulate in the cell sap, be used in a netabolic
process or Je trensported radially and secreted into the xylem

(Russell et 2l 1953}, The degree of cireulation within a plant
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depends on meny factors includinz the nature of the molecule.
For example, vhosphorus is contirually recirculated throughout
the vlant wherees calcium usually remains where it is deposited
(3i6dulph et a’ 1958), The nutrient status of the plant is
alsc important, as there is an initiel repid entry of ions

into a plant if the roots are transferred¢ from one nuirient
solution o another more concentrated cne (Pussell and izrtin 19930
nonversely, when roots or tissues are transferred to more

-

dilute solutions there is an initial repid outflow of ions.
Also, zctively growing tissues such as meristems ané young
leaﬁeé successfully compete for nutrients with less active
tissues and mev sceunulate large amounts of some nutrients 2y
withdrawing them from older tissues (Steward and Suicliffe 1959,
The initial entry of phosphate into 2 root mey te partially
due to diffusion and vartially Que o active transvort since
uptake is reduced in the vresence of 2,4-dinitrodnencl
(Loushmen zd Russell 19%), Phosphates en tering the rcot are ra-

pidly incorperzted into the erzanic form (Louzhman and Russell

b

. : s 3 ) PR & Lot
1957) and mey e retained in the »oot 1f fhe nutrient siatus

of the plent is low, 7The authors Suzse est thzt this retention

7y the roots is metazolically conirolled since

induce 2 more rapid ugward movenent 1o

- b ™

In the present study, P-32 2ppeared 0 zccumulete more

e

readily in the roots of plants of tre conirol series than in

-

|

1
1
1
‘
t
|
i
i
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those of the sound-exposed series (Table XXV), However,
unward transport did not appear to be affected by soung~
exposure since the radioactivity found in the shoots was

- the same for the two series. ‘Therefone any changes in phos-
phorus metabolisa or movement arpear to be related to factors
other than itsrate of movement into the stele.

Thosphate absorption can te affected oy microbial con-
tamiretion of the roots (Zowen and Rovira 1944, Zowen 1969).
marber (1¢6Ba) and Shone (1970) suzgzest +thzt many phenomena
sttrituted to absorption Ty plant rcots can e explained by
the. presence or absence of micro-orzanisms. TFor example,
Epstein (1956) reports that curves showing the effect of
concentiation on the rate of ion absorption bﬁ plant roots
have two peaks of maximum uptake. The presence of two peaks
may be due to different rates of transport across the plasma-
lemma and across the tonoplast (ILaties 1047) or to the ability
of ﬂlC”O-Or”aﬂlS”S located within and around the roo f (Zarter

n» ions at a lower nutrient concentration than

=

1958%) to absor

({3

that required by plant roots (Zarver 10482}, ZFapld incorpora-

tion of the majority of phosphates into nucleic acids in roots

of plants absorbing phosphorus .from dilute solutions (Louzhman ad

cince the percentaze incorporav te¢ is much !

. - N -' - 242
plants than in sterile plants (Zarver 1066), In addition,

since the relztive amounts of 2,30, ané HFCy in solution

.- - » 1vity : avp-prraniszs culiured
depend on T, and since 1€ sctivity of micro-orzaniszs culvured
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from plant roots -also depends on pH (Rarber and Loughman 1967),
the different éites for absorption of these two ions (Hagen and
Hopkins 1955, Fagen et al 1957) may, in reality, be the effect
of increased absqrption by micro-orzanisms at higher levels of
pH (Barber and Loughman 1967).

Although chloramphenicol inhibits bacterial growth and di-
vision by preventing the incorporation of amino acids into pro=-
teins, the cells are not killed and continue to incorporate
amino acids into soluble REA (Wilson 1966). However, moderate
bvacterial contamination (106 o0 108 cells per g tissue) Goes
‘not significantly affect measurements of P-32 incorporation into
RNA by soybean plants (Sobota gt 2l 1963), In the present study
P-32 concentratioh.in the roots was reduced by 74% in both the
control and sound-exposed series when the plants were grown
under sterile conditions although translocation to the shoots
appeared to be wnaffecteds This suggests that much of the F=32
which appeared to be in the root fraction of the non-sterile
plants was actuelly in the microflora associated with the roots,
and that differences in avsorption between the control and sounc-
exposed series were probebly direct effects on the roots them-
selves and not indirect effects caused by inhibition of the
.micro-organisms by the audible sounde

Rovira and Eowen (196¢) also found P=32 uptake to be higher
$in non-sterile wheat roots then in sterile ones. In additicn
they found that the roots of sterile planis nad 2 higher fresh
weight than roots of non-sterile plants; In +he present study,

lents was greatly
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however, root and shoot ZT
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reduced when compared with'ﬂﬁﬁ of non-stéfile plants (Fiz. 25).
This may have partly been due to the additibn of the chloram-
phenicol to the culture solution since antibiotics may e
harmful to vlants when applied in zmounts necessary for the
control of micro-orsanisms (Leben a’d Keitt 10%) Antibiotics
have been shown to irhibit ion absorption (¥acDonald et al
1066), ,cause root damaze (Purdy 1967) and intidit amino acid
incorporation into chloroplast proteins (¥arzulies 1962, 19¢%,
varzulies 1970). However, the concentration of cﬁloramphenical
‘used in the present study was 20 yg/ml, the concentration sug=
gested by Jones and Varner (1967b) to effectively inhivit
tacterial activity withou: affecting plant metabolism.

The results of the present study contradict those of Barber
and Toughmen (1067) and Sarber (19682) whe found that sterile
barley plants toth acewnuleted more phosphnorus in the roois
and translocated more to the shoois than non-sterile plants.
3owen ad Rovire (1966) found that both the roots and shoots of
non-sterile vlants accumulatec rmore vhosphorus than those of
sterile ones, They and Subta-2ao0 (1961) concluded that changes
in root atsorviion in the presence of micro-orzanisms are caused
by alteration of root metabolism of infecied roots, as well as
by nﬁtrient uptake ty the or-anisms themselves,

Uptake of a particular $on mey be stimulated, inhibited cr
unaffected by the presence of other ions in the external sclu-
+ion (Lazaroff e Fiimen 1966 Iegzet 1968), TFor example, Tanadz

(1955) found that phosphate stsorption of munz bean roots was
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increased when either calcium or magnesium was added to the
culture solution, but was decreased when sodium chloride was
added, In the present study, Zideau wheat vlants absorted
less P-32 from culture solution than from distilled water.
Avsorption appeared to be inhibited much more in plants
grown from sound-eibdsed grains then in control plants. This
sugzests that a portion of the active transport mechanisn

e — Gvm——

(Sowlint et al 105%8) may have been altered when the rrains
were exvosed to auditle socund. Since vhosvhorus is a nutrient
that ig constantly recirculated within the plant (Stewardand

Sutcliffe 1950), an alteration of the movement of this element

1ant development.
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sound may affect minerzl transport
wag showm in the Zritish Columi fiel&‘trial {Table AXX1I).
Durins the second vear of growth, vield of unfertilized vlots
of reed canaryérass Trown Irom sound-exposed seed was compara-

vle to ithat of control fertilized plots, whereas vield of

control unfertilized plois was greatily recuced., ~rezory {1°53)

renorted that @y the time 2 develening cerezl plant has zrown
te 257 of its finel size, ~gasured, oy drv weight, it has

sceumulated 007 of its total prosthorus, ¥illiams (1938)

-

suzrzests that secunulaiion of nitrogen and phosphorus in
fertile tillers zt ihe expense OF non-fertile ones is prote
the cause of the ceath of non-fertile tillers,

In the present stucy, wheat plants which produced neacs

101¢ trial) showed no cifference in tiller number Teiween

the controland scund-exposed series, whereas planﬁs wrich
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reached only the iritial stares of head production {labo- -
ratory studies) showed an increase in filler number in the
sound-exposed series. In the field frial, the developing

heads may have produced 2 sirong drain on non-fertile | tillers,

thus exhausting their phosvhorus suppiy and promoting an

early death, In the leboratory studies, drain from older

tillers mey have been less severe, hence the ‘slower rate of

(D

movement of phrosphorus noted in the sound- -exposed series ma

2

have helped to prolonz the life of older tillers, thus in-
ducinz a largzer rumbter of tillers ver plant. 5

“owever, very few dead tillerS'werefound on any of trne V
plénts srown for the laboratory studies. This suzgest that

the larger tiller number in the sound-exnosed series was due

to a stimulation of tiller zrowth rather thzr to the reteniion

of older tillers

The azillary buds, which zive rise to the tillers of

the crass family are produced very earlv in the develonment

(Zamilton 194R), In wheat plants, these

the vounz pvlant

wudés are usually present in the axils of all leaves, includinz

the celeoptile and the prodhylls (Friend 1955¢), Znvirormental ;

conditions, such as temperature, lizht intensity (Aspinell and i

Paleg 1064, Friend 1045¢), soil fertility an @ plant censity ?

(Peterson 1045), determine whether these duds will develod

into $illers or will remain dormant. Usuzllv, no new

are vroduced afier the rozd emerzes (&shby and Hellmers 1959,

Friend 1665c), dut those already initiated may continue 0 Zro:

(Trouzhton 1055), Since wheat plents have 2 terminzl inflo-
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rescence, leaf number per tiller is restricted to the number

of leaves differentiated on the apical meristem at the time

of floral induction (Friend et al 1963). Some species can

be induced to continue tillering after the head emerges if
the plénts receive an adequate nutrient suppiy (Joffe and
Small 1943).

During early growth of younz wheat plants, photosynthetic
assimilates are translocated throughout the plant. The main
shoot suvplies the carbohvdrates necessary for early stages
of “iller development (Evans ei al 1964), althourh this in-
hibits zrowth of the main shoot (Fincker and Jores 1931), During
ear develooment, tillers may become autoﬁropbic {Iupton 1966)
or may still depend on the main shoot for assimilates for their
developing ears (Rawson end Fofstra 1969 ).

Since the rate of tillering is deperndert on the rate of
assimilation (Friend 1965c), studies were undertaken to de-
termine whether photosynthetic rates of plants erovn from
sound-exposed grains were hizher than those of plants zrown
from control zrains, Sowever, nelther the CCp production in
the dark nor the net CC, uptake in the lighf vere different
in the two series (fable XVI), thus indicating that neither
respiratioﬁ nor net vhotosynihesis were affected by exrvosure
to the sound, fThe resulis of the pfesent stugy contradict those
of Singh (1959) and Gnenam 2nd %ajeramen (1951) who found photo-
synthesig of water plants anc blue-sreen alzze 10 te stimulated

: v -~ 1 L f 3 -
by exposure tO WUSLCe Also ¥ozubov et 2l (196&) found respira

R T T T

;
;
1
!
{
i
!
:
i
£
]
;
;
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tion rates of zerminating pine and sprucé seed§ to Te acce-
lerated following exposure to ultrasound.

In the present study, the rates of respiration of control
and sound-exposed grains were measured in two ways, nemely
vy means of the menomeiric technique and by means of an infra-
red carbon dioxide analyzer. 7The Warburs apparatus has'the
advantage that both oxyren uptzke and carbon dioxicde procuc-
tion can be meassured, rowever, the absolute values of the

volunes of zas exchenze measured by this method are subject

Comparative measurements using this apparaius require
tret the total volume of materials te the same for each flask
and be the same as the volumes used in the calculation of the

flask constant [Xurtz ad Felor 1946). As there is 2 high ceree

of variabiliiv in the size of grains, congtant volume would

ve possible only if the volume of ezch test lot of zrains were
measured znd an approvriate volume of buffer was added to each
flask., -owever, this would require the addition of extra
buffer to flasks with smaller zrains and less puffer to flasks
with larger crains, %hus smzller zrains would teceme nore sub-
merzed than lercer zrains and sheir rates of respiration miant

elected for equal

M
t
)
H
t3
0n
2
®
'3
®
n

Pl ~ 94

ve aliersd, Irerefore, although
size, as well as was possible by eye, O correction was mace

= -

o allow for the 107 variation in size, Hence some Cezree O
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in volume, there is no way to distinzuish between the exchanze
of oxy?en arnd carbon d10x1de and the evolutwon of other rases.
Several authors have shown that ethvlene, not only affects
many physiologigal stares of vlant growth, but is also pro-
duced in larse quantities durins various periods of plant de-
velopment (FurgzdBrg 1967, Pratiend Goesdil 1969)s Two peéks of
ethylene production occur duringz the zermination of seeds and
the zrowth of yount seedlings ({lieheriuk and 3 der 194 ard Svencer
et al 1945). Since our experiments covered these iwo siares
of early development, ethylene production may have affected
our measurements. In addition, Spencer &g Clsen(1965) found
that ethylene production was correlated with carbon dioxide
oroduction throughout the germine tinz veriod, Thus fast-

e

growinz tissues with a hizh respiration rate.are also producing

large volumes of ethylene.

In adéition, nicroflora or esent on the surface of seeds

produce erough carbon dioxide to £l snificantly affect resvira-

+ion measurements (Dennv 1088), Although the zrains In the
present study were treated with chloramphenicol, the micro-

e nurbers since this anti-

ct
'.Jo
3

l».J

flora could still %e presen ar

o

wiotic innidits, put does not kill, hzeteria (Wilson 1066),

Wilson et al (19%9) also guestioned the use of the Warzurg

=3

.

avvaratus for photosynthesis measurements, Their criticien
12y in the necessity to detacn the leaves of larze plants in

L.l seC

order to make the measuremenis, and in the inghility to measure

+he exzcet amount of carton dioxide avzilavle to each leaf
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hecause of zradients Set up in the absence of a rapidly @oving
air stream. They concluded that the Warburz method was'éatis-
factory only for comparative studies of photosynthetic rates.
It is proposed that in'the‘present studv, the volumes of oxysen
uptake and carbon dioxide production be considered oﬁly as a.
relative measurement between control and sound-exposed gréins
and that the actual nurerical values be consicered only a rouzh
approximation of the rates of respiration. easurementis made
by meaﬁs of the infra-red carbon dioxide analyzer are coﬁsi-
dered to te more reliable. However, they are not exactly
comparable to measurements made by the manometric technique
because the two sets of data were.accumglated_during diffef-

ent stages of embryo development.

III Tffect of Auditle Sound op “acterial rotility

Althoush P-32 uptake by the bacterial fraction éid not
avpear to de affected Dy exposure to zudible sound, it was
decided to isolate some of the micro-orzanisms present on the

seed coat of Rideau wheat zrains and subject them to sound

while they were growing, It was interesting to note that
colonies of one motile vacteriun grew more slowly in the pre-
eence of sound than in control chembers, rurther tests on a

strain of Z, coli selected for its extreme rnotility showed

that thege bacteria migrated on soft arar at a much slower
rate when left in hizh intensity audible sound than when left

o

in low intensity sound (Fige,22),  This suzzesis that the -sound
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may have had some effect on the bacterial flagella. Flazella
are extremely sensitive and can be removed from cells v
boiling, extremes of pH or violent shakinz (Cginskyand Umbreit
1959, Salle 1961). The sound waves may have impaired the
flagella of some of the cells,so the éolonies were able to
grow only when the,presumatly few, non-sensitive cells swan

out.

Practicel Avolications of Tregent Studv

-
!
nl

Since sonic equipment is expensive)yield increases must
be significant to warrant the sonic treatment of seeds on
a larze scale.

Althoush wheat plants could e induced to produce a larfer

~

[ B
(54

nunber of tillers in sonic siudies in the oratory, tiller

rumbers in the field were jdentical with these of conircl plants.

ne potential

s 3,

This was very gisappointing since each tiller has

<k

to produce 2 head of zrain. In a COumiry such as Canada, where
larze guantities of wheat zre produced annually, there is no
need to increase Crop yield, ZTowever & pre-sowing treetn
that could induce an increased ¥ield would be extremely Tene-
ficial to overpopulatec areas of the world, Zrowin increments

" induced oy ultrasound (Alou and uslander 1667) or by audible sound
(Table XXIX) do not apuear +o carry over to the next zeneration,
Crop meturity has been reported 10 1e hactened following expcsure

o yltrasourd {Johnson and Obolensky 1954) but morphogenetic de-

velopment appeared

+o be unaliered in the present study (Table ). -

et
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Althouzh yield increases were not’ found in the present stucy, i
audible sound may still prove to te a useful ool since the
present study scanned only the effects of four frequencies %
and three 1rten<1t1es._ - . . . | i
Yield of wheat can also be inereased by v*e-SOW1ng tvnat- i
mént of gralps 1n a mametic field. However this phencmenon
must be carefully studied before it is apolied commercially,
since long exposure veriods and high zauss levels decrease, .
.rather then increase,yield. '
It apvears that it mav be pdssible-to increase the &ield
of foraze crovs, such as alfalfa, by treatment with audikle
sound., This would e extremely beneficial to ranchers, since

a twofold increase in vield would allow 2 doublins of the

number of cows raised per unit area.

Thus it 2ppears that such studies have the potential for

practical 2oplicability, but that much more research must te

done before such methods can Te used on a larze scale.

Vv -Possitle Fechanisms Involved in Flant Pesronse to Audible

A) Avéitle Scund

2) Trensfer of enerr from Sgund vaves to Cellular

Congtituents

in the present s.udv, ~rowth of ¥arguis wheat was accele-

rateu by both 3007z and 5¥xz frecue \cies, whereas Rideau wheat

1

resvonded to only the 5¥=z sound, Siekman (1950) found that
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‘the absorpfion coefficient of ¥erion bluegrass, another
member of the Sraminae, increased with frequency rise over
the ranze of 120 to LKiz, At LKz the absorption coefficient
was 0.99 thus indicatinz that the sound was almost com-

vletely absorbed by the tluegrass at this freguency. Un-

quencies. Ievertheless, his resulis suggest thet the maxi-
mum effect noited in our studies at 5Kiz may e relatec to

" meximum ahsorviion near this frequency. iagimum atsorption
proéably does not account for the effect of 3003z sound on
Mérquis wheat since the absorﬁtion'coefficient of the dlue-
grass was only 0.2% at 250%z. Smith (1957) also found vlant
srowth to e stimulated by a low freéuency (b50 #z). Since
woth germination and later stages of zrowth of Rideau wheat
appear to e accelerated Ty exposuré +o auditle sournd (Fizs 3»
Table VI)whereas intermeciate stages of zrowth appear to te
unaffected (Tatle I?), it seeme likely thati at least two
different systems are affected by auditle sound.

mhe toial amount of energy received by treated seeds or

-
e

zrains seems 1o Te importent in doth aucizle sownd and ultra-
sonic studies, In the present study, crowth of Rideau wheat
'~4was etimulated ty exposure to SKHz.sound when the intensity

was 92 ds. However, when the intensity was increased to 105

db, the plants were 10 longer stimulated, Jones (1955) found

that the germination rate of onion seeds was accelerated oy

exposure to ultrasound, wher the power input was 10-15 watt/éma

wut was no longer affected wherl the Dower input was inereased
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L e . .
to 20 watbt/emS  Timonin (1946) found a similar effect when
he increased tThe exposure period of whlte spruce trees to

ulirasound. Txposure for one minute had no effect; exposure

for four minutes stimulated zerminetion slightly, Tut not as
mych 2¢ exposure for two minutes; exposure for six minutes '
was lethal.

uquever, the effects of audidle sound are not comparaile

ith those of ultrasound because of +the differences 1* enerzv.

=

The 92 &% level used in the present study is rouchly equiva-
lent to 75 x1o”5 waut/cmz wqereas the intensity used in
most ulira-sonic studies approximates 10-50 watt/cnl,

Lence the amount of enerzy added oY the sound frsguencies in

+re present studv is very minute bein= only a fraction

Vi

that required to break 2 cherical nond and too low to cause

cavitation of water.

owever, the amount of enerszv is UfflC‘eﬂu to troduce

a resonance effect in any cellular orzanelle or molecular
» hae a natural veriod of vitration correstond-
thgt of the added sound, In such a case, the effects

of irdividual syccessive vitrations of the sournd waves would

ve curulztive and misht jnduce larger vitrations, This might,

%

n some marmer, affect celluler ciockemical or Tlophys ical

-

eggess which are connected wvtn cermination and srowth,

g
+$
o
iy

i+ would seen trozatle that harmonic

cies would procuce simil'* effects, . Zowever, 12505z

wag founé to have no cienificant effect on the zfrowih of
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¥arquis and Rideau wheats, although growth was stimulated

by exposure to 5K¥z, the fourth harmonic of 1250Hz, in

m
4

oth cases. O0n the other hand, sscnance effect could !
explain the lack of resvonse to rancom white noise, since
a larger vibration induced by sound of cne wave lenzth

could be negated vy sourd of ancther wavelenzth.

tions. He suszests that living cells are resenating svsienms

netweer various resonant medes. <the talzndic temperature,

which increases as the size of the oscillations increase,

indicates how enercy will be distrizuted zmong feecrack

control svsioms, The svnihesis of m34 ané proteins is an

+ 'y
v

example of siconzly couvled osciliztors while the inter-

action between cscillators throush poels of metadoliie

o

are exahples of weak coupling. Interactions may occur
when two oscillators with gifferent frequencies and phases

lock together in the same freguency and phase Or wnen one

oscillator is Zeating at a frecuency that is sutharmonic to
that of the other oscillator, ~ooéwin suzzests that reso-
nance produced in this way could De important in controlling

+the vhase and time relaticns of celluler =3ochenical acti-

Since the tziandic temperaiure is 2 zeasure of enerz

-

and since, according to ~codwins <heory, oscillaiions ine

-—ain -
=

v increases, eneTrgY 2cced

crezse as the fzlandic temperasu
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to the system at the same frequency as the coupled oscillators'.

could increase the osciliations and hence certain biochemical
écfivities. ‘In the present study, the audible sound frequen-
cies which stimulated plant growth may have been the risht
wavelength to increase the fesonanée of one or more sets of
coupled biochemical oscillators, whereas the other frequencies
were nét. The two freguencies gffecting warquis vheat, name-
1y 3005z and 5X%z may have stimulated vlant zrowth oY increa-.'

the osecillations of two different systems.

DIRA Y]

' b) Z=ffects of Sound on Water

Another hyvothesis involves the effects of sound on
water. Since there is no thermal expansion of water at 4%¢,
a phase shift of the sound wave may occur at lower iempera-
tures; If the rate of germination 1s nct linezr with resards
to tempefature and pressure, srains may germinate faster in

ore part of the sound wave than in anotrer,. If this 1s true,

then temperature and rressure may re-inforce one another at:

© 200 wyt not at 25°C, This then.could account for increased

-oods

o

ermination retes of grains subjected to sound at 29C but not
at 25°C,

Also, one of the effects of hizn intensity ultrascund

(i

js to fracture water molecules inte H, CZ and =0p rzéicals




(Ackerman 1942, Hamill 194Q). These radicals are very active,
chemically, and may vroduce biolozical effects. Althouzh the
enerzy used in the present study is insufficient fo cause

cavitation, the enersy could be absorbed by only 2 few mole-

~

- [

cules, instead of beinz eveniy distributed throughout each
cell. Hence'local'sites of hizh chemical activity might Gte
set up. This in turn coulé alter the biolosical activity
of the.cell., ILiserkov (1948) found the zermiration of larch
and maple seeds to he accelerated by treatment with soﬁnd-

treated water, as well ag bty treaiment with sound end ulire-

sound.

2} Iacnetic Fields

The zrowth rates of bacteria (serencser et al 19¢62), \
cells in tissue culture (rulay @d Fuiay 1961, 2utler and Dean 1964, %
Trosovhila (Levenzocd 19%7) and mice {Zarnothy 1943) rave

P st hd .

heen reported o be inhidited by exposure to magnetic fields.

In contrast, crowith of harley (2oniromery &% Smith 1962, ilericle

s bbb e A E Rt K95 g s e r 8 Lirbe . o fasme
. . . NEY
'

et al 107L) and wheat (Pitiman 1063) is revorted to te stizu-
lateds The present study (Tatles LXXVI-XEXVIII) indicates that

+ther accelerated, inhidited

[
O

srowth of Yzrguis wheat can e e
. or unaffected bv pre-zerminztion exposure to magneiic fields,

epends on the length of the

(4]
[

<)

L
The tyve ant degree O respOnS

.

et
o

red
[@)
n
'J.
ct
’..l
o
3
'.-lo
»
ja

exoosure period, the field strenzth and emory

relation to the field ané/or interaciions between these three

(92 -a

parzneters.
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Akoyunozlou fl96h) has found the activity of the enzyme
carboxydismutase to be increased in the presence of a magne-
tic field, whereas Maling et al (19%5) and Rabinovitch et 2l
(1957) found the activitiés of ribonuclease, peroxidase and
aldolase to be unaffected. Respiration is stimulated in
yeast cells (Pereira et al 1047) but inhitited in mouse
embryo kidnev cells (Renoend Futind 1063, Sross {1964} postu-
lated that inhidition of metabolic vrocesses in the presence
of 2 masnetic field may te due %o 2 distortion of bond anzles
on paramagne%ic molecules. Iytler oné Dean(1964) have suzzested
that since most chemical substances are diamaznetic, btut may
hecome varamaznetic in the jonic form, the presence of 2
permanent magnetic £ield coulé interfere with icnic exchzroes
and thus alter cellular metzvolism, However, the effectz of
magnetic fields on plant growth appear to be permanent eifectis,
cince the result of exposure of meny kinds of seeds tc marne-
+ie fields is revezled in their later szrowth.

Fontzomery ag Smith {1963) vestulated that permanent effects
might de induced oY the action of masnetic fields on covalt,
manzanese ané 1ron. Tnese elements play an impertant regu-
latory role in merictematic growth of young geedlinzs, Since

© +he availability of these clements is ofien limiting and

since they are magnetically censitive, their rate of transpert

rzte of

[44]
N

!
=
A
«t
jon

in voung embryos might oe accelerated and t
the vlant increased when seeds are vlaced in maznetic fielcs,
At hizh intensities, or long exzosure pericds, these elementis

-

might accumulate in toxic levels znd *hus inhidit plant growth,
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Such a theory could therefore explain the importance of field :
strength, and exposure period in determining the effects of

magnetic fields on plant growth. FEigh iniensities and lon

()\?

exposure periods might also affect the configuration of vrotein

P

molecules and thus affect enzyme activity.

VI Stetistical VS Ziolorical Iiznificance

e level of sisnificance chosen for any statistical
ara1y31s ig very artitrary and open 10 criticism. Ifd,
the probability of rejecting 2 true hwpothesis, is too small,
then{%, the orodatility of zecevting a false hypothesis Te-

comes verv hizh. Thus a level of significance which btalan-

ces these two tyves of error must be chosen.

3

[e N
’.-lo
(5
-h

The choice of an & in dotanical stud dies is very
cult since there is a khizh derree of varizrility within plant
populations (Eeinrichs et al 1959), Varizbility in the present
gtudy was further. inereased »y zrowth chamter effects in the
l1abvoratory studies (Fiz. 3-14) Cwing 0 the controversizl
nature of the auditle sound and magnetic field studies, if

was deemed preferable to risk choosinz an X that was too low

l_l-

and rigk 2 high fZ retner than choose @ A that was 100 rizh,
Since the hypothesis wes alwave one of equal means, sSome of
the data considered statistically insiznificant may in fact

~ B

ve hiologically significant,
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