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The Effect 	so,Ae Phytocidal Substances on the Me ',lin 

Abstract of Thesis 

by 

Thomas Fsoter Cuddy 

Rota were induced on Isolated bean leaves by treating tit ;i 

2,4-dicblorol:kboncovaaetic 

 

acid, which was chosen aa typical of the 

phytocidal substancea; rooting comparisons were made with leaves 

treated with 2.5 p.p.iu. beta-Pindolebutyric acid and water controls* 

0,5 p.p4a. 2,I-D. was found to be he met suitable concentration 

for use since higher concentrations caused fasciation of the roots. 

The nunher of roots induced was proportional to concentration over 

the range 0.1 p.p.ia. to 1.5 p.p.m. 204-D. Dry weight per mot was 

found to be inversely proportional to concentration. Narked 

decreases in roo,, number was found when treatment was delayed 24 

hours after the leaves were detached from the plant. Treatment in 

the dark with 2,4-D. for 24 hours before removirAF„ to the light was 

effecte than treatment in light for root induction. 

An apparatus is described for the gaoometric me 	lent 

of the assimalation by individual leaves. 

2,4-D. at the concentration used for maximum rooting, did 

not affect the respiration of the isolated leaves. The respiration 

both treated aald untreated leave ::.alowed a Q.of  2.2. 

Gasometric neasurements of assiallation did not show 

Yrt differences between treat  teatmints although some reduction 



ii. 

In the assimilation was round in 2,4-D. treated leavee. Assimilation 

rate was found to fall with time in both treated and untreated leaves. 

Net assimilation Lute wee also estimated by growth exeeri-

ments. No significant differences were found between treatments 

during the first eight days; by the end of the experiment increases 

in increment of total dry weight per square decimetre were obtained, 

running parallel with the number of roots induced by the different 

treatments and dosages. The formation of roots tended to prevent 

the accunelation of assimilates in the lamina; total carbohydrate 

accumulation as shown by the increments in total dry weight eer square 

decimetre tends to a maximum and the assimilation rate ectimated was 

found to be inversely reiated to the initial carbohydrate content in 

the three exeerimente carried out. rio significant differences were 

found in lamina dry weights per square decimetre between treatnerts. 

The dry weight per square decimetre of the petiole showed significant 

changes with time indi  atieg that the assimilate were translocated 

froe the lamina to the petiole. 

satisfactory agreement was obtained between the estimates 

of net assimilation derived from gasometric and growth experimeete. 

Owing to the large eamplieg variance it was not 'y,3sible 

4e0 show differences due to treatment in the relative amounts or the 

vs tous carbohydrates present in the ineina. Although evidence for 

a shift in the starch - sugar balance was sought for, little evidence 

of this shift wan found.  
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INTRODUCTIO N  

It hat long been kncrn that various plant tissues are 

capable of producing roots; and that rooting could be promoted by 

the use of many organic eubstancee. / major part of the work with 

these organic substances has been concerned with the gross effects 

of the substance or in the more practical way, ie their use with 

stem or leaf cuttings for propagation. In the past isolated leaves 

have bad considerable use in the promotion of our knowledge of the 

physiological processes. Experimente using isolated leaves were 

however, limited and could not be carried on over a for period o 

time because of the early death or deterioration of the leaf. This 

disadvantage would be overcome if a root system was established on 

the leaf as it would enable the leaf to be kept alive over a long 

period of time. 

Very little systematic investAgation into the rooting of 

isolated leaves had beee done until that of Gregory and 5amantarui 

in 1953. They mode a thorough investigation into the factors con-

corned in the rooting reeponses of the dwarf French bean (Phaseolue  

o'ariB)  and ivy (iedera helix) leaves, using beta-Indolebutyric 

acid as the root promoting agents. This work was extended by Murari 

(1950) who concentrated on the physiological functions of such 

leaves. These workers have demonstrated that these leaves could be 

kept alive over a long period of time so that studies could be ex-

tended over a considerable period. Bean leaves have been kept 



alive in this laboratory for 45 days and ivy leaves for over two 

dears without showing senescence or change. 

By tee use of such isolated leaves the complicatieg issues 

of traeslecation to other parts of the plant are largely avoided. 

This has maey advantages since the lamina, petiole, and roots 

ceMbined can be treated as a unit without the great bulk of material 

that arises ween a whole plant is used. 

Nutritional effects are confined to the lamina and any 

tranolocation that takes place is only over a very short distance 

after a root system has been established. it is therefore, an 

ideal method for studies on assimilation and carbohydrate trans-

formations. 

It was felt, therefore, that the use of rooted detached 

leaves would be suitable for the study of the effects of the 

phytocidal hormone:1 on the metabolism of the leaf. 

2„4-dichlorophenoxyacetic acid was chosen as a typical 

hormone of this group and was used throughout all  experiments. 

The investigations reported here were undertaken along two lines: 

1. Rooting responses of dwarf French bean leaves to 

214-dichlorophenoxpacetic acid as compared with those of beta-

indolebutyric acid previously studied. 

2. Aetabolic studies were limited to (a) growth analyses 
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for net assImulation; (b) carbon-dioxide assimilation as etudied by 

direct gas,,J,Itric measm.waemt or CO2 uptake; and (c) lumina starch-

sugar analyses. Carbohydrates were estimated by chemical analysis 

in lamina only. Effortwere made to construct a balance sheet for 

carbon. 



ROOTING RESPONSES OF DETACHED FRENCH BEAN LEAVES  
TO 2,4-DICHLOROPHENOXICACICTIC ACID 

Previoue werk. The reports of both, Gregory and Samantarai (1950) 

aed jueuri (1950) contain reviews oe the literature dealing with 

the zeuting reeponseo of the leaves of various plants, and therefore, 

will nut be dealt with here. 

There ie ceneiderable literature dealing with the grose 

effect:3 of 2„4-elichloropeenoxyacetic acid: Excelleut reviev,. of the 

literature dealing with its action are given by eimmermle eed lletcheock 

(1948); Heeman, Mieerik„ and Weietraub (1950); and by Blueeeee, 

Templeman, and. Halliday (1951). The 1:terature concerned with the 

rooting responses to this substance are, however, scaety. Hitchcock 

and, Zimmerman in 1942 tested a wide range of synthetic growth 

aubstaecee and reported thse 214-dichlorephenexyacettc acid was equal 

to, or more effective thee ueta-Indolebutyric acid in bringing about 

the rooticg of detached. Temate and Cisnus leaves. They also, noted 

that aheve the optien) etrength for the plant beinG used (for Cissus 

1.0 p.p.n.) kasciatioe of the root reeulted. Ferri (1,20e) found that 

when Indolebutyric acid, alpha Napnthaleee-acetic acid, ledoleacetic 

acid, and 2,4-dechlorepheeoxeacetic acid was applied to the soil they 

were Levee:I:Led and transported upwards in sufficient amounts to induce 

root formation in tomato leaf cuttings taken some time afterwards. 

Beal (1946) reported that when 2,4-dichlorepheeoxyacetic acid was 

applied to decapitated betel plants well formed roots developed 

immediately below the point or application. 
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GregPry and Samantarai (1950) reported that the optimal 

concentration for the rooting of French bean leaves with Indolebutyric 

acid was 2.5 p.p.m. and that best rooting was obtained when the second 

leaf from the apex was used. Optimal time of treatment was found to 

be 24 hours. flitencock and Ziemerman (1942) in their experiments 

used a similar period for the treatment of tomato leaves with 2,4-

dichlorophenoxyacetic acid (2,4-D). Rice (1948) using high concen-

trations of 204-D. applied to the base of the midrib of one of the 

primary leaves of a kidney beau plant found that under the conditions 

used in els experiment, the treated drJmacy leaves had to remain 

attached to the plant for 24 hours far sufficient 2,4-D, to be 

absorbed and translocated for maximum inhibition of plan:; growth. 

Gregory and Samantarai found that the main point of entry 

for the growth substance, beta-Indolebutyric acid (I.B.AeL f!e, 

isolated leaves was through the cut surface of the petiole, and that 

very little entered through the cuticle; i.e. that the movement was 

upwards through the xylem. Ferri (1945), Mitchell and Brown (1946), 

and. Corns (1948) found that 204-D. could be translocated upwards 

through the xylem when applied to the roots. Mitchell and Brawn 

(1946), Corns (1948) and. Linder, Brown and Mitchell (1949),  and Rice 

(1948) found that the movement of 2,4-D. was also associated with the 

translocation of other organic materials away from the treated area 

through the phloem. The movement of 2,4-D. is therefore, bipolar 

and will be translocated through either the xylem or the phloem in 

an upward or downward direction. 
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$0theds and. Materials.  The dwarf French bean Whofe.olus  vulg(.ris)was 

the experimental plant oared throughput the werk. The parent plants 

were grown in soil at reisea Physic Garden., sowinge being-  aude ten 

days apart to ensure that leaves of the sane age should aIwaLiz be 

available throughout the sunrIP,r. The leaves were harvested in the 

tang  brought to the laboratory with their petioles dipped in 

rater. The method of supplyiag hormone to the leaves, through the 

petioles, was the r,, azle- as used by Gregory and Samaeltarai and by 

Hitchcock and Zimmerman (1942). The leaves used in all experiments 

were the second leaf from the apex 	nearly equal maturity. 

Fresh weights of all leaves were taken as soon as poosible 

after harvest, The petioles were then placed into]." x 3" specimen 

tubes containing the appeepriate solutions in which they were left 

for 24 hours. Following this the petioles were then rinsed awl  

placed in tap water where they were kept until rating was ccrpleted. 

The weter in. the tubea was - 	ed every day. The leaves were kept 

in, the greenhouse and eh very bright days were kept ie partial shade; 

this aerved to prevent wiltipg and cleaner by extreme inuoletion. 

All expertle-nts employing 2,4-). were run with both water 

control e anti a rooted comparison. This rooted comparison consisted 

of leaves rooted with 2.5 p.p.m. ',B.A. under the :mime conditions as 

that used for the 2,440. 
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A. Effect of different concentrations of 2,4-dichlorom1ienoxy- 
acetic acid on the rooting of detached bean leaves. 

Groups of tea leaves were treated for 24 hours with one of 

the following range of concentrations of 2,4-dichlorophenoxyacetic 

acid, viz:- 

2.5 p.p.m.; 1.5 p.p.m.; 	1.0 p.p.m. 0.5 p.p.m.; 
0.25 p.p.a.; 0.1 p.p.a.i 0.05 p.p.m.; 0.01 p.p.m. 

One group treated with 2.5 p.p.m. 	and another group with tap 

water only, ;formed the controls. 

Reeults. Table 1. summarizes the results obtained. The number of 

roots formed were counted after fifteen days. Roots had emPrged 

from the petiole by the eighth day; apparently one day longer than 

that required for roots formed using I.R.A. A difference confirmed 

by later eoperiments. 

The relation between the number of roots produced and 

concentrations ,;f 2,4-D. are shown graphically in Fig. 1. It will 

be seen that over the range of coocentrations 0.1 to 1.5 p.p.m. the 

loge  of the number of rooto prodwed is directly proportionally to 

the loge  of concentration; the regression equation being I = 5.50 / 

(1.745)x with a stan4ard. error of 0.27. Above 1.5 p.p.m. the 

number or roots show signs of falling off but the maximam number is 

sty 	very mueh higher than the corresponding concentrations of 

I.B.A. This relationship between the number of roots induced and 

the concentration of 2,4-D. applied to thepetiole is apparently 

signoidal; thus showing a uiziilar relationship to that foura by 
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BlAr.kon (1952) who found that the percentage inhibition of 

germination of Brassies alba and. Beta vulgaris bears a sigmoid 

relationship to the amount of toxicant in the external solution; 

aad also that the percentage mortality of these plants showed the 

same relationship to the amount of toxicant in a spray applied to 

the plants. In this experiment water controls produced n roots. 

The average dry weight of roots per leaf also reaches a 

maximum at 1.5 p.p.m. but the development of individual roots 

differs greatly in the different treatments. The weight per root 

plotted against concentration is shoo iu Fig. 2 where it is seen 

tbaT, the weight of individual roots produced is maximal at a 

concentration of 0,05 p.p.m. whereas above this concentration the 

individual root weight falls steadily. Their growth will, of course, 

be deorviaqt upon assimilates available in the ',oaf evil one must 

therefore assume that two effects axe concerned; ist. the number of 

roots initiated aed 2nd. the available material for their gr wth. 

iu this connection Smith (1948) reported that there was a rapid 

mobilization of carbohydrates to the regions of meristimatic 

activity induced by 2,4-D; sad Gregory and Samantarai (1950) found 

t:hat there was a rapid mobilization of sugars and soluble nitrogen 

to the ruu-6444, pete. Bat if theae factors were the only factors 

conceroed i rooting, one would expect that the average weight of 

roots per leaf should remain constant which is not the case. There 

must therefore, be a further effect on root growth and as the average 
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TABLE 1 

Effect of different concentrations of 2,4-dich1orophenoxy- 

ace 	acid on the rooting of detached bean 'eaves. Fresh weight ai4 

dry weight are given in Jolie Balance units, icx all root weights. 

Il*atial 
'reattnent 

Av. F.W. 
Leaves 
(4ms.) 

Av. Ne. 
of roots 
per 1  

Av, F.W. 
rot .:: 
yer 1ea.f..• 

Av. F.W. 	AY. D.W. 
r root t per 

Jena 
F- 
oot 

7.011 415 14.6 	0.036 	1 1. 	I o.o043 .5 p.p.m. 

471 23.9 	0.051  

7.43 256 24.5 	0.096 	I 2.0 0.0078 
i 

.5 	" 6.95 9 23.4 	0.257 	1 2.1 0.30 

) 	5 8.01 14.7 7.5 	0.510 	0.8 osto54o 

.10 	" 8. , 5.1 2.2 	0.430 	0.2 0.0390 

•Q!,-; 	- 7.15 0.4 0.5 	£.25 	0. 0.1250 

1.2 0.6 0.666 	0.1 J.I.0.0860 

4. 	-A 	• 

12.; p.p.m6 5.26 2':-42 29.7 	0.128 	2.7 	o.ou.6 

qater 6.87 0 o. ,,, 	0 	0 

-..--. 
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Fig. 2 Average dry weight per root induced by 

various concentrations of 2,4-dichloro-

phenoxyacetic acid. 



weigilt per root decreaess steadily with concentratlen„ 2,4-D. east 

ialle had an inhibition effect on root growth. This fits In with the 

findinge of Modus (1919)  who, working on root gravth inhibition in 

crees, radish, pea, and maize, found that 2,1.D. as a root inhibitor 

was 450 times more active than heteroaux1e. Nutman et al (1945) 

found that when eel/ contained as little as one part in four million 

4-D. root growth was inhibited in clover, sugar beet, and wheat; 

and that this inhibition varied with the concentration used. 

The highest treetmente 2.5 p.p.m.; 1.5 p.p.m.; aed 1.0 

p.p.m. showed abnormalities in the petiole and 2.5 p.p.m. 2,4-D. 

led to considerable damage to the lamina in several canes. Tee 

abnormal petioles Isere swollen, twietedp and often ruptured at the 

junction of the lamina and petiole. Tejo rupture often extended down 

the petiole for two or three centimetreu. Roots were often fasciated 

and  thickeued. Only a fev roots were fasciated with the 1.0 p.pem. 

treatment but with the 2.5 p.pea. 2,4-D. treatment the majority vere 

faaciated. This fasciation often extending the whole length of the 

root, and as many as eight roots were united in one fasciated bundle. 

O. p.p.m. 2, -D. was therefore 	 an the most fuvour-

able concentration for use in further experiments. Certain precautions 

preyed necessary at this concentratiorA; e.g. shielding from the direct 

rayu of the oua in the greenhoese and avoiding high teraperatures during 

treatment, as- these could result la damage to the laeleaa. 



A diffelooee in the rooting habit was noted between roots 

iyeleeed h 2.5 e.e.m. 	and those induced by 0.5 n.pom. 2,4-D. 

Leaves treated with T.B.A. generally produced roots down the whole 

length of the petiole; many roots being eroduced at the top with the 

number gradually diminishing towards the base of the petiole. Leaves 

treated with 2,4-D. on the other hand, tended to induce roots that 

were more or less clustered at the top of petiole with only a feu, 

if any, roots below. if there were any roots produced dawn the 

length of the petiole they were nearly always on the ade.xial side of 

the petiole. Gregory and eamantarai found that the petiole of T.B.A. 

treated leaves showed six distinct rowe of rots; four an the abaxial 

side and two on the adnxial side of the petiole. Similool:71  wl.th 

204-D treated leaves the smile umber 	vs of roots were produced. 

The majority of the roots seems to have beet induced on the adaxial 

side. Tele was especially noted in those leaves producing mall 

uui ra ol roots. 

Water treatment in this experiment produced no roots, but a 

heavy callus formed at the base of the petiole. In other experimerts 

water treated leaves did produce a few roots and in such cases they 

appeared from within the callus. Figure 3 and 3a illustrates the 

roots produced by the three treatments. 

B. Effect of  Temperature on the rooting response. 

iiarth and Davie (1945) working with high dosages of 2,4-D. 

ound that temperatures over 65 	more effective for killing than 



rig. 1. Roots inallced by varl.ous levels of hormore treatment. 

A. 2.5 p.p..  I,BA. 	B. 0.5 p.p.m. 2,4-D. 

Co 	vavi.c 	r. 0.25 p.p.=. 



Water only 

Roots Produced by 
Preliminary Teatme 
with e, 4- 

-15. 

RootsProckced 
Prehtnindry7i-eatrhent 
with 18.4.2.5 ?p.m 

Fig. as 
Typical water induced roots 	Typical I.B.A. induced roots 

Typical 2,4-D. ind'.;.ced roots 



lower temperatures. Rice (1945) using 46° - 580F. au his low range of 

temperatures found no stem curvature, while in his higher ranges every 

treated bean plant showed curvature. Be did not, however, report on 

ter 	between 58°  aed 79°F. Kelly (1949) found that when 

physiological processes are slowed down an by low temperature, the 

plants are less sus"ptible to 214-D. Weintraub and Brown (1950) 

obtained a constant repression of the trifoliate leaf expaesioe due 

to a particular dose over the range'2?° YOC. when 214-D. is applied 

directly to the bud .).r bean ueedlingse when however, the 2,4-D. is 

applied, to the primaxy leaves the dose response curve is composed of 

two distinct segments; the first is where the response is a function 

of dosage and is connected by a plateau in which the respoeee le in-

dependent of done, and io temperature sencitive. Gregory and wantarai 

(1950) while doing no systematic studies on the effect oi teeperature, 

noted that there was a very large temperature eefect. 

No systematic examination of the temperature effects were 

undertaken in this work, but it was thought worthwhile to report sou 

or the observations rade from experieents eet up for other purposes. 

A duplicate of the preceding experiageet was set up in July 

1950 in an endeavour to repeat the results obtained. Duriee the treat-

et period of this experiment the weather was cloudy and cool. These 

teeperatuee conditions remained for all the early part or the ex-

periment, rarely rising above 65°F. No roots 'were produced on une of 

the petioles at any or the levels of treatment used. This effect was 



noted in other experiments where light conditions were lx7 - and the 

temperature low, although conditions had been favourable Q 4ing the 

preliminary period of treatIcent. 

A seasonal effect, should also 	noted here. It was 

found very difficult to get the petioles to root after the end oi 

August, when the day length and temperatures were tal 	. 

severely restricted the period in 'which experiments could be carried 

out successfully. 

C. 	Effect of light en rooting. 

Mitchell and Brown (1946) found that the 2,4-4). stirmulus 

i3 not readily translocated from bean leaves in darkness. Linden-, 

Brown and Mitchell (1949) found that treated alant s did not show 

curvature when kept in the dark, but that this curvature developed 

whe.1 the plants were 	ad t„i the light. Peaf ul 
	

(1943) 

that beau plan ts and water hyacinth were killed more readily 

when treated in darkness or &II% 	light than when treated in direct 

sunlight Felber (1948) found that 2,4-D. treated bean plants 

deeloped "protuberances" on the inmina„ but that the development of 

these intumescences were independent of light and temperature. Thimann 

(1947) reports that a el shay greater kill of woody plants by 2„4-13. 

was obtained in the light than i n the shade; but Zimmerman and 

Hitchcock (1948) found that this was net always the case as they 

obtained a better kill of Japanese honeysuckle in the shade than in 

the light. Eiger (1950) reports that he obtained a better kill of 



broad-leaved herbs in the LinArii. ti ap in the 'ht. Bice (1948) found 

that while no stem curvature developed inpleats treated in the dark, 

sigeefieantle greater umeeets of the ammonium ealt of 2,4eD* was 

absorbed by bean plants treated in the dark, than in those treated in 

the light. Gregory and Samaetarai (1950) found that very few roots 

were induced on isolated bean leaves kept in the dark. and treated with 

IZeh*, and that the nember of roots induced on leaves kept in the 

light was akiost proportional to the total light received. 

The light effect was investleated by two methoda. The first 

was an exeeinatlen of the eeeunt of light required for rooting using 

a tuilar method to that used by Gregory and Samanterai; end the 

zecced was to test the effect of light and darkness during the period 

el feeding with 2,4-h. 

(a) Vaeyleg the total ciueutitL of Apt.  

To vary the light coition leuyee were rooted in 16 ca* 

cardboard cubes, with yareias sized apertures, thee controlling the 

total amount of light received by each leaf* The size of aperture cut 

into the top el each cube was as follows: 15 x 15 cm.; 10 x 10 cm.; 

5 x 5 cm.; 	2.5 cm.; lz1czu.ai O. Samplee of ten leaves were 

Liven each light treatment . it further set was kept alongside, fully 

expesed to tbeligat. Thisexperiment was carried out in the green-

houee and the leaves were given the stenaerd treateeet of 0.5 p.p.e. 

2,4-D. under the stated conditions. A further set, of leaven was 

placed in the dark for 24 hours I:bile being treated and later remeved 
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to the greenhouse until rooted. And yet another set was placed in a 

controlled temperature darkroom and there allowed to remain for the 

same period of time. Roots were counted at the end o 15 days. 

The results obtained in this experiment are auemeeized in 

Table II. Leave& receiving less light than that allowed in by the 

5 x 5 cm. apertures were ale dead at the end of the experiment. As 

found by Gregory and:;.a. mantaeai, there was an increasing number of 

roots induced with iecreaeieg amounts of light received by the laminas 

which was roughly proportional to the total amount of light available. 

In this experiment those leaves under the 15 x 15 cm. apertures re-

ceived only part of the light available, as there vas a ceetele amount 

of shading from the sideo of the cardboard box and from the lip of the 

cover. This would, in effect, limit the amount of direct light re-

ceived. This partial shading ceemed to act beneficially, but reducing 

the light on one-fifth of full aperture (5 x 5 cm.) acted advereely 

and still smaller amounts of light led to death, without rooting. 

These leaves; that received full daylight had ,.ewer average roots than 

theec that received their light from the 10 x 10 cm. apertures. The 

leaves that were kept in the dark in a controlled temperature dark-

room although dead at tee end of the experiment, had, produced a great 

many minute roots; in this way differing from the leave& kept in the 

greenhouse under cardboard shades. The reason for this is unknown and 

the matter was not pursued further. The Jet treated with hormone in the 

dark for 24 hours, predueed more tIlan the controls treated in full 

light; and therefore it appeared passible that treatment in the dark 
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TABLE II  

Number of roots induced under varying light conditions. 

Li It Treatment 
Lire of 

Aperture in ems. 

Av. No. 
of roots 
per le&' 

Av. 	Av• 
F.W. root 	D.W. roots 

Julio Balance Units 
per leaf 

15 x 15 173 16.7 1.5 

10 X 10 48 6.4 0.6 

5 x 5 8 1.0 0.1 

4 x 2.5 0 All deed at end of experiment. 

1 x 1 0 11 15 t• 

( 	(Greenhouse) 0 14 . 	 it 

Full Light 
(Greenhouse) 22 9.2 0.7 

24 Hours Dark 58 9.8 o.8 

Continuous Dark 
(Constant Temp. Room 26°C.) These. leaves were all dead at 

the end of the experiment but 
all petioles were bearing many 
small roots. 
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was more favourable. This 	ei;ted in further experimentu. 

(b) Light - Dark treatment conpariaoin  

IL the first experiment ten leaves were treated under 

one of the following conditions: - 

A. Al]. leaves were treated emmediately after harvest. 

Treated in tee light for 24 hours and then kept in the 

dark or 24 hours, and then placed in the light until 

related. 

ii 	Treated in the lieht for 21:  hours, and tie: kept in the 

light until rooted. 

Ili. '°.7eeated in tee dark for 24 hours, Led teen he e# 	tee 

light until rooted. 

iv. 	Treated in the dark for 24 hours and kept in the dark 

further 24 hours :eefore removal to the light. 

B. All leaves kept of; the plant 24 hours before treatment. 

v. In dark 24 hours before treatment . Treated in the dark 

24 :leers and then remeved to lteht. 

vi. In dark 24 hours before treatment then treated for 24 hours 

in the light. Left in the light after treatment until rooted. 

In ligat eor 24 hours and then treated le the dark for 24 

hours, then removed to light until rooted. 

In this experiment the term light refers to the light re-

ceived under natural daylight conditions in the greerieuee„ an all 

light treeteeete were given there. Dark treatments ere those 



received in a dark room. Water controls received no treatment ether 

than the varying light-dark regimes. 

The reaults obtained are given in Table III. Leaves from 

group iif, i.e. those leaves treated in the dark for the first 24 

hours, produced a greeter number of roots than any other nett 

treatment given. The next highest group were those that were givee 

the treatment in the dark during the second 24 heurs. This confirms 

the previous ebserIatiou in Table II that treatment in the dark was 

more favourable for root induction by 2 1  D. Water treated controls 

produced slightly more roots when given a preliminary dark treatment. 

As this experiment was not completely balanced for all 

factors and that aom of this rooting nay have been due to tempera-

ture factors, this experimeat was repeated with a view to removing 

the temperature factor duriag the initial treatment phase and to 

provide a better balance to the light phases. All leaves were kept 

in a controlled temper ture room .tor the first k3 Leers. Light was 

provided by two 1000 watt lamps above a water screen, to remove as 

much of the radiant heat as was possible. This gave a light 

intensity of 2,0 f.c. at the surface of the leaves. The /eaves 

receiving dark treatments were kept under dark covers in the same room, 

in close proximity to those receiving the light treatment. The 

temperature under the covers was only one degree cooler than under 

the lights. The temperature in proximity to the leaves kept in the 

light was maintained at 26°C. 



TAB ' III 

Preliminary Light-Dark Experieseat 

eatments refer to normal light in the greenhouse. 

Av. No. 	Av. D. W. 
Treatment 
	

of roots 	Roots per 
First 48 Hours 	per leaf 	leaf 

t.nAel 

22 -  e.p.m. 2,4-D. Treated  ',saver 
it. /111 leaves were treater  it s,ediate after harvest. 

Treated in the light 24 hours and 
then placed in the dark for 24 hours. 1(X 

Treated in light 24 hours and kept 
In light. 	 72 

Treated in dark 24 hear e and then 
removed to light. 	126 

	
2.0 

iv. 	Treated in dark 24 hours, kept in 
dark a further 24 hours and tilee 
remeved to light. 	99 	1.5 

B, 4411  leaves keRt off the plant 24 hours before treatment. 

In dark for 24 hours and then 
treated in dark a further 24 hours. 	82 

.1. 	In dark 24 hours and then treated 
in 11 t for 24 hours. 

vt7—, In light 24 heurs end then treated 
:L dark for 24 hours. 	103 	1.1 

Water treated controls  

in light for 24 hours and then dark 
for 24 hours. 	2.4 

	
0.2 

In light continuously (natural day). 	2.2 

In dark 24 hours area then removed 
to light. 	 4.3 
In dark 48 hours and then removed 
to light. 	 0.3 



A. B. 

Immediate treatment after 
removal .;:rom the plant. 

All leaves kept off the plant 
24 hours before treatment. 

9 Treated 
in 
Ligat  

Treated in 
light 24 hr. 
and then kept 
in light a 
further 2k hr 

Treated 
in 

Dark, 
iii. 
Treated in 
dark 24 hrs. 
and then kept 
in light 24 
hours. 

Treated 
in 

Kept in light 
24 hrs, then 
treated in 
light 2I hrs. 

Treated 
in 

Dark 
• 

Kept in 11, 
24 hrs. then 
treated in 
dark 24 hvurs. 

&ept 

fight 

ated in 
light 24 hrs. 
and then kept 

dark 24 hr 

Treated in 

and then kept 
dark 24 bra. 

in dark a 
further 24 hrtQ  

vi. 
Kept in dark 
24 hrs. then. 
treated in 
1ht 24 lire. 

vii. 
Kept in dark 
24 hrs, then 
treated in 
dark 24 hrs. 

I Kept 

-24- 

The leaves were divided into three sets; the first was 

treated with 0.5 p.p,m. 2,4-D.; the second receiving 2.5 p.p.m. 

I.B.A.; and the third aet was the water controls. Each set was 

divided into groups of five leaves; each group receiving one of the 

light treatments shown in the following factorial diagram of the 

experiment. 

Factorial design for light-dark experiment  

Preliminary treatment before removal to the greenhouse. 
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TADLE IV 

Light 	azt Ex- riment. Average number 	rooto par leaf. 

A. 

zadite 	 eLt 

Eight 

 

b. 
14 Pe' 	- 24 

Durk 

 

Light 09 

---,i 	= ,./..$ 

LV 1i 

5 

0 .? 
i 

ii 
vtit  i 

man 	38.5 	96.,) 	 4.0 
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TABLE IV-a  

Light - Dark Experiment. Average D.W. per leaf and per root in logs. 

A. 	B. 
Immediate Treatment 	Treatment Delayed 24 Hrs. 

Light 	Dark 
	

Light 
	

Dark 

Water treated leaves 
i iii v - vii 

2.0 0 16.0 5.0 

6.6 0 16.0 2.0 

ii iv vi viii 

12.0 0 0 11.0 

4.0 0 0 3.6 

Light 
Root D.W. 
per leaf 

per root 

Dark 
Root D.W. 
per leaf 

per root 

2.5 . au.I.B.A. treat.d leaves 
i ii v3.17--- 

179 128 76 40 

0.56 0.54 0.74 0.82 
ii iv i 'viii 

155 1-'137 150 42 
0073 0.85 1.09 4,75 

Light 
Root D.W. 
per leaf 

per root 
Dark 

Root D.W. 
per leaf 

per root 

0.5 * 4U* 2.4-D. treated leaves 
i 

61.8 

0.90 

,ii 

86.0 

0.52 

v 

16.8 

3,4 

vii 

1.0 

1.0 
14  iv. vi viii 

12.5 54.0 0 9.6 

1.5 1.7 0  1.4 

Light 
Root D.W. 
per leaf 

per root 

Dark 
Root D.W. 
per leaf 

per root 



From the results of the experiment presented in Table IV, 

the effect of various factors on rooting can be estimated. 

1. The effect of delved treatment. The overall effect of 

delaying treatment can be estimated from the totals 1 to iv vs v to 

viii. 

Immediate 
treatment 

Delayed 
treatment 

Wean I.B.A. 247 74 Root No. per lese-. 
Mean 204-11. 69 e 

Mean I.B.A. 119 79 Mean D.W. of roots 
Mean 2,4-n. 53 2er leaf in rg. 

mean I .B .A 0.67 1.85 Mean 1) .W, per root 
Mean 214-D. 1.16 1.45 in mg. 

The effect of delay of treatment is very great on the 

number of roots per leaf and on the mean weight of roots Iridued. 

This effect is much greater on leaves treated with 214-1). than on 

leaves treated with 	On the mean weight per root tae effect 

is reversed, both with regard to delayed treatment and substance 

used, but this is due to the fact that mean weight of roots pro- 

duced is inversely related to the number of roots produced. Evidently, 

there is a marked competition between the growing roots and the rate 

of supply of some nutrient, probablj carbohydrates, limitieg the 

growth of individual roots. That some such effect on individual 

roots is occurring is shown by the fact that, the mean weight per 

root is much higher in the water controls, as seen in Table IV-a, 
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than in any of the treated leaves. 

. Effect of Light and Darkness. Tne treatments i and v 

received u total of 43 hours o light during the first two days of 

the experiment; treatments ii and iii, and vi and vii rerleived 24 

Lurs of light during the same period, while iv and viii were in 

darkness throughout this period. The results are shown below. 

I3 Hours 	24 Hours 0 Hours 
Light 	Light 	Light  

Mean I.B.A. 212 	163 	96 	hoot ho. per leaf. 
Mean 2„4-1), 	37 	43 	20 

Mean 	la5 
Mean 2)44).  40  

  

Mean D.1.41. of roots 
per leaf in me. 

   

     

Mean 1.3.6. 	0.b.fp 
Mean 2Dl.P 	2,11: 

 

1.59 
."163IrmwowimvempoAMA 

2 	an Da. per root 
A-. 	A1AX X A 	flk 

   

As far as I.B.A. is concerned the mean number of roots is almost 

linearly related to the nuMber of hours light given in the 48 hours. 

The mean weight of roots per leaf also show an increase, but which 

is not proportional to the light given. The mean weight per root Is 

related in the reverze sense as shown before. The effect of light 

aftcr treatment with 2,4-D. is such less pronounced. The very-  high 

valuc for the number of roots produced when 24 hours of light are 

give;z ic largely due to the high value in treatment vi. 



J. Ltfect of Treatment in Light vs Treatment in rknees. The 

mean affects oi treatment in Liget and eaeknees are uttown below. 

Treatment 
In Light 

Treatment 
In 	Dark 

Mean Ieb.A. 202 120 Root No. per leaf 
Mean 2,4-D. 21 -56 

i'lean I.B.A. 16 37 Mean D.W. o 	roots 
Mean 2,4-D. 23 33 per leaf in mg. 

In i.B.A. treated leaven, treatment is more effective in light than 

in dark, while or 2,i--D.  the reverse is tene. 

1. Effect of Light given beftre and after Treatment. Leaves 

treated with 1.13 .A. immediately after isolation chow no difference 

between treatments ii and iii, which would indicate that wins seeh 

leaves it is immaterial whether the dark period is given before -x 

after treatment. In the delayed treatment however, treatment vi is 

much more effectiee than treatment vii, i.e. a preliminary period 

in the dark followed by treatment in the light leads to a greater 

response tnaa a preliminary period in the light followed by treaty 

in the dark. The reason for this is not known. In the case of 

trectrent -ill., i.e. treatment in the dark followed by a light 

period is much more effective than the reverse order of treatments. 

IP the delayed treatments, vi and vii, no rooting occurs, and tnere-

:ore, the effect of darkness enhancing the rooting as seen in the 

previous table is almost entirely due to treatment ill.. 



nuwever, the ac reeuita ere in aereeweat with previous 

wurk; Ric (1948) 	ti .t tee uptake o: 2,4-D. was greater in the 

dart: than in the light; seed Penfound and Minyard (1946) ,:ound that 

Sean plants were more readily aLeeted by 2,4-D. when given in the 

dark than in direct sunlight. Gregory and Sementarai (1950) have 

enema with I.R.A. preliminary starvation erogressively reduced the 

rooting response; and that rooting is greater when treat petit with 

I.B.A. is given in the light t}iru  in darkness. 

The water controls in this experiment produced a few reats, 

these were more or less at madam within the treatments. A dark 

eseriod„ an in the prevloua experiment seemed to be more favourable, 

but tile may have been due only to chance. The water induced roots 

by the end of the rooting period, were very long in comparison to 

the ecets induced by either 214-D. or I.B.A. 

Theme experiments have SilOW11 that treatment in the dark 

with 2,40.D. gives optimal rooting, and therefore this procedure 

was followed in all the remaiaieg experiments. 

iiiatelogical studies  

Gregory and Sa;Lantaai (1950) made a careful examination 

of the development of root tisanes in the isolated bean leaf; and 

found that within three dayo after treatment the pareachymous eelle„ 

Just outside the phloem tied texhillery rays, enlarge and show 

periclinel division forming a riee of meriutimatic tisaue inner to 

cortex; by the fourth day the phloem has proliferated red: 	 
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bundles were formed in the medullary rays, and that the formation 

of roots primordia by zroups of derivatives takes place very rapidly; 

by the fifth day roots were *een through the disorganized cortica1. 

tissue, vascular strands have developed and establiehed connection 

with the xylem and phloem of the adacent pri-laey bundles of the 

petiole; by the sixth day root format3_,Dn is complete. 

Beale (1946) treati bean plants with 204-D. found that 

cell proliferation occurred and that this response wau chiefly in 

the endoderm, cambium, phloez . and ray darenchyma; and, that well 

formed roots were formed Internal to the cambium. Smith (1942) 

found extensive cell divisions in the cambium, phloem and medullary 

rays by the third day; and a band of active tissue extending from 

the cambiwi to the endodermis was formed by the fifth day. Numerous 

root primardia were found from this active tissue by the ninth day 

and the cortical, cells were crushed. Murray and Whiting (1949) 

applying 2,4-D. to your maize plants, found that the merintimatir 

zone at the periphery of the atelar area was stimulated to exces-

sive proliferaLion which resulted In the production of aumerLus 

small individual roots or in fasciation of roots. Eames (1950) 

treated bean plants with 125 p,p.m. 2,4-D. found that all tissues 

between the cortex and primary xylem proliferated; the first 

divisions being in the endodermis, quickly followed by divisions 

in the inner pertcycle, primary phloem and all immature cambium 

derivatives of the hypocotyle. In all tissues, the first divisions 

are periclinal soon followed by anticlinal and transverse divisions 



until a continuous sheath oz proliferating tisoue is foreed. He also 

fund that in the primary xylem the parenchyma proliferated freely. 

Murray and. Whiting (lehe) roe a complete study of the 

histological changes in decapitated bean plants to which 50 p.p.m 

2,4-D. had been applied to tee cut ourfaces. They found teat pro-

liferation had started by the end of the first 24 hours in the 

endoderm and in the pericecle within 2 or days; and by the third 

dale the phloem had formee a wide lofted of proliferated tissue. 

ifarenchyra outside the intereascicular cambium had responded -imllarly 

to tee peloam parenchyma. In west they called the root zone they 

eeeee teat the organization of a primerdia generally occurred within 

each medullary ray ; and by the fifth day root hiotegeee were dis-

tinguishable, but developed in a faaciated meaner with no separation 

into iedieidual roots. In no instance did they get roots to amerce 

through the outer surface an the root tips llapsed before they eere 

able to do so. 

In this work no systematic histological studies were lade 

on the development of he root system. Sections were made, however, 

from petioles in which roots had been induced by 0.5 p.p.-a. 2,4-D. 

and 2.5 p.p.m. 214-D. The petioles were eixed in Billing's modified 

Navashin fluid a/1d aeter usual procedure were embedded in paraffin. 

Sections were cut in both longitudinal and traeeveroe section, and 

stained with saeranin and Ehrlich's haematoxylin. 

A transverse section of a petiole showing two roots induced 



by 0,5 p.p.m, 214-.D. is givea in rig. 4; with the longitudinal 

section in Fig. 5. lbe root vascular tissue is seen to arise adjacent 

to the vascular bundle o1' the petiole, .0.,4 connected up vith the 

Aleerd and xylem. Tissues inner to the cortex had become meristIrlatic 

and the cortex bad been disrupted. These roots had therefore 

developed in a similar manner to the roots induced by I.B.A. a.(; 

found by Gregory and Gamantarai. A slight fasciation is shown in 

the transverse section at the base o the two roots* 

Fivi. 6 aaa 7 are a transverse section and a longitudinal 

section, respectively, of petioles in which roots had been induced 

by 2.5 p.p.m.. Here extensive proliferation external to the cwbium 

and inner to the cortex %ad taken plece.• Many smaI meristimatic 

cells of the parenchyma are in evidence. The transverse section 

(Fig. 6) shows three root bundles Iasciated into one root with the 

parenchyma cells ormingaboad between the three vascular systeus; 

these vascular systems arise adjacent to the vascular bundles of the 

petiole as rOuna in the rots induced by 0.5 p.p.m. 2„4-D. Both 

xylem and pies tisoues are in evidence in all three root bundles. 

In the longitudinal section (Fig. 7) extensive proliferation or the 

)1alocam parenckZffia is shown; there is also evidence that proliferation 

the xylem has occurre8 to a lesser extent. A thick band o. 

soAll-celled Jeriatimatie calls lies external to the caMbium with 

some disruption or the cortical layer occurring. 



Fig. 4. Transverse section of bean petiole treated with 
0.5 p.p.m. 204-D., ahowing two fully emereed 
roots joined up to the vascular bundle. 



Fig. 5. Longitudinal section of bean petiole treated 
with 0.5 p.p.m. 2,4-D. allowilz fully emergpd 
adventitiow root. 



Fig, G. Transverse section of bean petiole treated. wlth 
2.5 p.p.ra. 204-D stowl4g, faseiation of three 
root bundles into one fasciated root. 



10. 17 El* 

Fig. 7. Longitudinal section of a bear petiole treated 
with 2.5 p.p.m. 2,4-D shovint, octal-gave pro- 
liferation of primary times aud parenchyma. 



ffit,aro 
Vii4om*;;I, 

rig. 7a. Longitudinal section of a bean petiole treated 
with 2.5 p.p.m. 2,4-D. showing exterwive pro- 
liferation of primarj tissues and parenchyma. 



Assimilation  and Respiration Studies of Treated and Untreated Leaves  

bj Gasometric Methods and Growth Analyses. 

Aurari (1950) measured the assimilation rates of leave: 

rooted with I.R.A. over a period of thirteen days and came to tee 

following conclusions; (1) assimilation rate is unaffected by the 

accumulation of carbohydrates in the leaf; and (2) treatment with 

I.R.A. has no effect on CO2  assimilation. Untreated leave showed no 

decline in aueimilation rate until the leaves started to show signs 

oL-  senescence. Re concluded that the assimilation rate is independent 

of treatmeat. 

Freeland (1949) meaouring the carbon dioxide content of the 

air under a bell jar covering a 214-D. treated bean plant, reports 

that he found an imeediate decrease in photeeyataesis with complete 

recovery after 48 hours. La 1950, usin 02  evolution as the criterion 

he found that there was partial to complete recovery after treatment 

depending upon the concentration used. Pickett el al (1951) found 

that apple leaves sprayed with 10 p.p.m. 204-1). showed no eignificaet 

difference in the amount of photosynthate manufacturedaram the control 

leaves. Other evidence in the literature dealieg with these proceeses 

La relation to 204-D. was limited to the work done on respiration. 

Taylor (1947) found that 204-D. at concentrations 1:rola 0.25 to 

p.p.m. decreased respiration in wheat and mustard seedliegs, and stated 
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that the differential effect does not seem to be primarily concerned 

with a distinct d:feerence in response of the energy metabolism. 

Brown (1946) found that in terms of CO2  production, bean seedlings 

treated with 0.1% (100 ep.m.) 204-D. resulted in a higher rate of 

respiration; which was 19 to 80% greater than that of the controls. 

Hseuh and. Lou (1947) reported that production of CO2  was at first 

accelerated and then decreased; and that 0.1% (100 p.p.m.) inhibited 

respiration of barley and rice seedlings. Kelly and Avery (1949; 

1949A; and 1951) found. that 2,4-D. had both a stimulatory and in-

hibitory effect upon the respiration of pea and oat tissue depending 

upon the concentration used; that physiologically old tissue wes 

relatively inert to 2,+-D.; and that starved tissue showed a greater 

effect on the respiration rate than was shown by fresh tissue. Corns 

(1950) reports a similar stimulation or inhibition of the respiration 

rate of Bean leaves depending upon ooiL moisture content; concentra 

tion of 2,4-1). used; and time after treatment. Nickell (L949; 1950) 

aeeo reports a sLil_ar stliautatiuil and innibitory effect upon the 

respiration by virus tissue of Rumex acetosa. West and Henderson 

(1950) found teat a. Little as 0.01M 2,4-D. inhibited the respiration 

of Lupinus roots and that 0.001M. 2,4-D. showed no inhibition. 

Weintraub et al (1950) using 2,4-D. labelled with CI4  found that de-

tached beau plants respired les' thaL did attached palate; Carbeeyl 

eabeLled CO2  was respired off during the first day or tw,  noising off 

in greater amounts than the methoxy labelled CO2  which feLlowed the 

carboxy group. Labelled CO was net respired from the ring position. 



In view of these conflicting results it appeared iresortaat 

to study systematically the effect of 214-D. on the assimilation and 

respiration rates of bean leaves supplied with an optimal concentra-

tion of the substance for rooting. It appeared unwise to carry the 

concentration to high levels which are known to lead to injury of 

the plant. It was thought that the optimal concentration for root-

ing would represent the most interesting concentration for study. 

Methods and Materials. Detached bean leaves were treated with 

0.5 p.p.m. for 24 hours and then at various periods during the root-

ing process the CO2  uptake was measured by normal gasometric metheds. 

The experiments were made in two sections; the first, te measure the 

CO2  uptake during the day, at various intervals up to fifteen days 

after treatment; and secondly, to measure the CO2  respired at night 

by the same leaves. 

During tee first season (1951) the leaves were treated, in 

situ, while in the leaf chambers used for the assimilation experiments, 

In certain of the experiments measurements were made durieg the period 

that the leaves were being treated. In 1952 the leaves were treated 

in the dark since it Yes1 been found in previous experiments more suit-

able for inducing roots. The apparatus used in 1951 was that 

previously used by Murari. This was the modified version of that des-

cribed by Porter et a.. (194)). It will net be described here as it is 

essentially the same in principle to the apparatus set up for use in 

1952 which will be described later. 
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pespiretiOn in the hapbers; Respiratioa experiments are 

much simpler to carry out than assiadlation experimeatu„ wince the 

rate of flow of the air atream new.. only to be quite slow; and the 

(.70, respired in thdepeadent of the rate of flow. The difficulties 

mentioned later in connectiun with assimilation experients did not 

arise, and a reliable estimation of CO2  could be Yuades 

A tream of CO2  free air aas passed through the chambers 

at a uniform rate; and absorbed in spiral bubblers contain' - Di/2 

Na011, These spiral bubblers were first weighed dry; 50 cc of Na0d 

was then ran in from an automatic pipette; the who; again weighed 

and placed on the apparatus. A weightcorrection at the end of the 

experioent, was made fo,' changes in water content of the sati through 

absorpti;a of 4ater vaDoue oy again weighing the opiral bubblers. The 

spiral bubblers were theL allowed to drain into 250 cc. volumetric 

flasks. No effort vas made to wash out all the soda from the bubblers. 

After draining the spiral bubblers were again weighed. In this way 

errors due to incomplete washing were avoided, and the fraction e: the 

total soda in the bubbler actually used for . ration was known and 

corrections applied. 10 cc . of 14 BaCl2  was added to the flask to 

precipitate the carbonate, and the flasks were made up to the mark 

with distilled water, well shaken to thoroughly mix the soda and the 

water. The precipitate was then allowed to settle out. 50 cc. 

ali4uots were removed from the supernatant liquid and titrated in the 

usual may with 1410 Xi. 
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Apparatus or aesimilation Experiments. Modification of the 

apparatus usea in 19510  was found necessary for we in 1952.  We 

leaf chamber ueed be Murarl was rouoi to have several disadeantaces. 

It wee round that it wee practically impoo6ible to place the two 

trifoliate bean leavee used in the test into the leaf chamber with-

out overlapping to a grouter er leaser extent,, and thus ehadin; 

portions of the lamina. The eeeunt of overlapping could not be 

accurately ectimated. It wee also found that while the chambers 

appeared to be too deep to allow all the air in the chamber to cone 

into contact with the lamieas, they were too Mallow to place the 

leaflets in the chaeber without eomettees damaging the petiole; or 

the laelna Lein g held in close contact with the lid, and preventing 

the air circulating over the upper surface of the lamina, There wax 

howeverl  good turbulence in the air within the chamber and meet o 

the air must have come in contact with the lower surface of the 

lamina at least, since there was a fairly rapid depletion of CO2. 

The water treated leaves used up tapproximately 	of the availeble 

CO2 during these experinente. This brought the residual in the air 

down to 0.014 which is very close to the maximum that can be used 

by the leaf. This will be discused later when the data from these 

expeents is presented; and due to thte depletion it would be 

leeesaible to wake a correction on the assimilation for the average 

CO2  available in the chamber* 

The apparatus desigeed in 1952 (see. Figs. 8 V) II) rae the 

same in principle to that described by Chancy (1938); Porter et al 
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Fig. 3. Pbotograph o the absorptio section a the 
assimilation apparatus, with towere in position. 
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Fig. 9. Diagramatic representation of the absorption section 
of the assimilation apparatus showing the arrangement 
of the towers, manometers, and flow resistances. 

C. Capillary resistances 
D. Multiple Lminotrieters 

b. reservoirs 
c. dampers 

E. Variable needle valve 
F. Absorption towers 
G. Baryta traps 
H. Common lead to electric suction pump 
I. Leak valve 
J. Surge tank 
K. Electrical suction pump 



Fig. 10. Photograph of the leaf chambers and manometers 
of the asslmilation apparatus. Capillary 
resistances 

 
n located just behind thermograph. 
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(1949); and Merari (1950). The major change was teat twelve leaf' 

clambers each holding one leaf were now used in place of six chambers 

each holding two leaves; requiring therefore, twelve absorption 

towers (F), and twelve manometers (I)); the whole apparatus was 

therefore, redesigned to accommodate these new requirements. 

Leaf Chamber (A).  The original leaf chamber, as used by hurari 

was made of perspex with external dimensions: 12 x 12 e: 9/10. It 

was made in two pieces; the lower section formed the chamber, and 

consisted of a perspex base plate with laminations of perspex around 

the rim which gave internal measurements to the chamber of 101" x 101" 

x 3/16"; the upper section consisted oe a flat piece of perspex 

which formed the lid, to the chamber. Two 3/4" circular holes in the 

base plate aed in close proximity to opposite walls, were fitted with 

rueber stoppers to receive the petioles of the leaves; these rubber 

stoppers also served to hold tubes on the underside of tee chamber, 

Into which the petioles dipped. 

These chambers were modified by dividing them into two 

with a 3/4" perspex insert across the diagonal and sealed to the base 

plate; thus making two triangular leaf chambers 10" x 10" x 3/16. To 

raise the lid and to eliminate the use or grease in sealing the lid, to 

tne base, cork gaskets were rut to fit around the rim and along the 

diagonal; this raised the lid 	making the depth of the chamber 

5/16". The original 3/4" circular holes were sealed and appropriate 

new 1" holes were drilled in the centre of the chamber, one on each 
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11. Diagramatic representation of the leaf chamber 
arran6emeat of the assimilation apparatus. 

A. Leaf chaaber 
a. perspex tubes, into which 

the petiole dipped. 

B. Moisture traps. 
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side of the partition. The petioles Just rested through the holes 

which were sufficiently large to allow for any swelling that stay 

occur at the neck of the petiole without becoming restricted as 

weectimes happened in the older chambers. Two threaded perspex 

rings were cemented to the underside of the chamber, in such a peel-

tie that the centre of the ring was in line wtth the centre of the 

petiole hole. A perspex tube (a) 4" x 1' with internal diameter of 

e/4 and threaded at the top, was fitted into the circular ring. 

This tube was threaded to facilitate the changing of the water daily, 

and to ensure eaee in making an air tight joint. Eight brass screws 

were threaded through the rie of the chamber and tic throhah the 

eaftition. Wells were cut into the rim around the screws t, a depth 

of a . The upper perspex plate which formed the lid had holes drilled 

to cerreseend t: the location of the brass screws. On the underside of 

the ltd, email circuear rings were cemented around the holes. These 

rings fitted through the cork gasket and down into the wells in the 

rim of the chamber, serving to hold the gasket in place and as e 

support to the lids when they were screwed into place, thus aeler 

to prevent fracturing of the lid. 

Through the rim three air tubes were fitted in each chamber; 

two serving as inlets for the air stream and were placed on one side 

of the chamber; the third tube served as the outlet and was located on 

the opposite side of the triangle to the other two. The tubes were 

arranged in this manner to ensure tubulence in the air, and to decrease 

the possibility of any blind spaces, thus ensuringasupply of air to all 
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parts of the laeina. These new chaebers had one disadvantaee being 

slightly small in size they were unable to hold the average trifoliate 

leaf used without some crowding. The extent of this crowding of the 

leaflets was snail and was not thought great enough to influence the 

final results. 

Bach chamber had its own air supply. The two inlet tubes 

of each chamber were connected by plastic tubing to a Y-piece and from 

the Yeeiece to an Inlet placed outside the greenhouse. The leaf 

char 	were supported in parallel on a wooden frame; i.e. three 

double chanbers down each side. The outlet tubes were connected by 

glass tubing to moisture traps (B) located at one end of the wooden 

frame. From the moisture traps glass tubes lead to capillary res 

stances. 

Flow Regulation and CO2  Absorption, Assimilation rate, being 

estimated be the difference in CO2  content between Incoming and out-

going air, equal flow to each leaf chamber was essential. This was 

assured. in the folleving meaner; 0.5 me capillary tubes (C), approxi-

matele 9 cm. long, and of as equal and uniform resistance as possible, 

were leserted in the circuit after the mestere traps. The pressure 

deer) between the atmosphere and the inner end of thews tubes was 

recorded on a multiple manometer (n). This manoeeter was placed 

between the resistances and the needle valves and in measuring this 

pressure drop, gave the rate of air flow through each circuit. A large 

tube 2" in diameter and sealed at each end formed the reservoir (b). 



Twelve toles were nade ie a line along the length o, the tube and were 

of a slightly larger size than required to take the manometer tubing. 

Manometer tubes were suspended with their bases inserted through these 

holes. These tubes were each 50 cm. long with a bulb blown near the 

top which acted as a trap to prevent any fluid rising too high in the 

tubes while the flow rate was being adjusted. On the upper end 

each to was ;laced a short length of pressure tubing into whic Alad 

been leeerted a piece or thermometer tubing (c); this served to darap 

out excessive oscillatioee in the manomter. This multiple ;aaaometer 

had the advantage that the pressure in each riallo!reter was more or less 

is dependent of the others; and La consequence the cutting out of one 

a the meeemeters had no aopreciable effect on the others. The fluid 

used in the maeometeve waa liquid paraf'in dyed red with Sudae III. 

the whole was auspendad on a frane, tee tubes being ieeld is 	-ce by 

serieg clips, and the rexervoir 	'held up in place by a coiled 

sprLIG. The tubes were beeeed be 	4 millimetre paper maree4 with 

the correct height necessary tu ensure the correct flow of air through 

each circuit aafter preview calibration. 

From the resiutaeces the air peeped by  glass tubing to the 

abeorption towers (10) through variable needle vs.Lvee (E). Those needle 

valves were used to wake minor adjustments in the flow of air ehreugh 

each eirceit watt correepoudieg changes in the height of the colu.a.ii of 

liquid ie tee wanumetera. These had to be inspected et regular 

intervals, as :luctuatioes in the rate of flow occurred tram time to 

time due tu various reasons, such as voltage drops in the electricity 
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supply to the pump drawing the air into 	i i 
	

us. 

The carbon dioxide in the air was removed in the absorption 

towers. These towers consisted of a tube 75 cm. long and 2.5 cm. in 

diaaeter, which was fitted by meane of a ruerber atopper in a glees 

bulb (200 cc. capacete). This glees bulb was fitted with a aide arm 

through which the air entered, and a fine tubulure below whit 

closed with A class tap. The tube rested on the bottem of the bulb 

and wac ellled to a heleht oe GO cm. with glass beads. A known 

weieht of MA We was introduced into the bulb, and when air was 

easaed through it the liquid was raised to within 3 or 4 cm. of the 

toe layer of beads, and the 	etreai was broken up into many wee11-

bUbbles, The top of the tube was closed with a rubber stopper which 

was kept in place until the tower was fitted to the apparatus* It was 

then reeved and an L-shaped tuhe fitted with a rubber stopper was 

inserted in its place. This L-shaped tube connected the top of the 

tower to Baryta traps (a) which were iecorporated to serve as a chece 

on the completeness of the abeorption of CO2  by the towers. The Baryta 

traps were in. turn connected to e cemmee lead (11) which lead to an 

electric auction pump (K). Between. the last tower and the pump, a 

Iaege valve (1) was located which provided an air leak as only a 

earto toe suction developed by the pump was needed to maintain the 

apprepreute flow in the tovers. It also provided a greets contra of 

tee rate ee flew, the anal adjustment* being made on the needle 

valve?. A surge tank (J) eau provided to iron out minor fluctuations 

in the flow caused by the pump* 
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Each circuit was calibrated, for flow resistance by the 

method outlined by Barr ( 934) in. which the movement of a soap film 

over a standard distance in a glass tube was measured. A regrestion 

line wac obtained from a series of readings for each manometer, made 

at different rates of flow, and from this the correct manometer 

setting for the desired flow rate was found. A blank run was made 

at 20 litres per hour. The results show that the amount of air that 

passed through each tower was in very cloae :Agreement. The average 

was found to be 13.37 mg. per hour (theoretical for 20 litres being 
13.2 mg. C.02). The greatest deviation from this value was only 1.87% 

and the stemdard deviation was calculated to be. 0.22 mg. This can 

be considered as adequate for this type of experiment. 

At the start of an experiment the absorption tower wan 

weighed dry with the rubber stopper in the top of the tube, and the 

side arm closed with a glass rod.. 50 cc. of Nil NaOH was then rql! in 

an automatic pipette, and the whole welshed again. This served 

to determine the amount of NaOH delivered by the pipette. At the eed 

of the experiment the absorption tower eau removed from the aeparatus, 

the aide arm was again closed and the tube stoppered. It was then 

weighed to determine changes in weight this to water lose or gain. The 

NaOH was allowed to drain from the tower into the bulb, and t 

through the lower tap on the bulb into a 250 cc . volumetric flask con-

taining 10 cc. of 10% BaC12  and 100 cc. of distilled water. After 

the tower was drained it vas reweighed to Give the residual amount of 
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NaOH left in tae tower. After weighing, the tower and beads were 

washed and dried, ready for the next experiment. This weighing 

technique eliminated the neceasity for quantitative removal of the 

NaOH from the tewer since the results can be adjusted to the 

original quantity of Na0H. 

The Bael2  and water preeipi a 
	

the carbonate and rapidly 

dilutes the excess NaOh. The volumetric were then diluted to the 

250 cc, nark; shaken well to ensure thorough mixing of the NaOH and 

water, aed thea allowed to stand overnight to allow the precipitate 

to settle out. After settling, 50 ml. aliquots of the aupernatant 

liquid wao pieetted into a conical flask; 50 ml. of N/10 Eel was run 

into the conical flask from an automatic pipette, the remaining HaOH 

being titrated with a further quaetity of N 10 lid 1 and the amount of 

carbonate absorbed found by subetracting the total titration from the 

appropriate blank. 

A specimen calculation from 

below: 

1. Weight of empty tower 

2. / 50 ml. Nfl NaOH before 

an actual experiment is given 

Weight of 	Weight a4: 
absorption 	NaOH in 
unit in *In. 	Q.11,  

656.15 

e4periment 708.30 52.15 

3.  / 50 nil. Nil NAOH after 
experiment 705.75 49.6o 

4.  After running out the NaOH 662.15 43.60 

43.60 gm. NaOH made up to 250 ml. and 50 ml. aliquots titrated with 

N/10 HC1. (actual atreugth HCl used in this experiment was 0.114N.) 
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The results therefore, were adjusted to 0.1N). 

N/10 HC) required for 	ml. Hann 50,1  29.22 = 79.22 111. 

L. N/10 HCI required for excess NaCH in 52.15 gm. taken 

79.22 x 5 x 4 .6o x 1.14 . 450.60 mi. 

n2. required for blank : 484.00 

Hence ml. N 0 Ha equivalent to CO2 absorbed 4 33,40 141. 

Duration of experimehts 10 hours. 

Therefore mg. of CO2  absorbed in 10 hours m 33.40 x 2.2  * 83.77 
or 8.38 mg. per hour. 

CO2 in the air for this experiment was measured as 13.22 mg. per hr. 

Bence CO,)  assimilated by leaf = 13.22 - 3.38 = 4.34 mg. per hi-,  --ur. 

Lee area in this Chamber was 1.541 dm?. 

CO2 assimilated per d2 4.34/1.541 = 3.14 ng. /dm r  tar • 

Le' Areas  

Mrari (1950) found that dry wei t wa a ina1e4uute 

e:Aterion for the estimation of assimilation. He also found that 

very little Change in leaf area occurs in isolated bean leaves' from 

10; to 105 cm? In the firs. 7 days as compared to an increase from 103 

to 202 4 on the attached leaf. Be pointed out that the estimation 

of the. assimilation rate uld be greatly affected by the thickness of 

the leaf, which would be reflected in the dry weight. This can best 

be illustrated by the following examples taken from one of the assimi-

lation experiments of 1952. 



Initial 
leaf F.W.4.m. 

Lamina D.W. 
sm.)Am?  

1i, 4.73 1.786 0.393 

2.  4.78 1.587 O.4y2 

3.  4.81 1.782 0.08 

4.  4.74 1.425 0.426 

These leaves were harvested at the same time;  from neighbouring 

plants of the same metharzdate. Comparisons show these leaves to 

have initial fresh weights that were nearly equal)  but the leaf 

areas varied considerably, and this was reflected in the lamina 

dryweight per square decimetre. Differences in thickness of the 

lamina would therefore account for the variations in the leaf area 

per leaf and this in turn would be reflected in the assimilation 

,v,te. Leaf i. and 2. in the above table had identical pre-treatment 

as did leaves 3. and 4. 

Since all the CO2 entering the leaf passes through the 

:ace, it would appear on general grounds that the estimation of 
assimilation on an area basis would be more satisfactory, and thin 

method has therefore been adopted. 

Method of Estimatthalpaf Area: Various methods were considered 

for estirtirw the leaf area)  such as, tracing the outline of the 

leaf and weighing the leaf tracing, the use of the planimeter, and 

etc; but all were rejected because of the length of time needed for 
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the meauuremente to be eerie. It vae felt desirable that these 

eeasurenente should be made as rapidly as possible so that the 

leaves could be placed in the over for drying, for dry weight 

estinateone before any serious loss in weight could occur; and also 

to be able to deal with large eamplet of leaves. The method as 

outlined below was found to be very eatlefactory and fairly rapid. 

The method settled upon and used throughout all experiments 

was to obtain the leaf areas by shadewgraphs made on blueprint esper, 

A large sheet of glass was covered with blueprint paper and fasteaed 

at the corners by aeletupe. A standard area was marked on the paper; 

the method used was to lay a piece of cardboard 12 x 2e cm. at one 

ev)rusr of the sheet. The leaves were rapidly weighed to obtain fresh 

weights, and the laminas thee detached and placed on the paper, The 

separate leaflets were aarked in such a 4E.:, that they could alter-

wards be identified. The leaves were kept in contact with the blue- 

paper by covering with a sheet ce' glues. The length o t* 

the paper was exposed to the diffuse light in the laboratory while 

this was being done did not materially affect it. The whole was 

then taken into the bright sunlight and expoeed. A very short period 

was all that was necessary to expose the paper, about five minutes. 

It was then brought back into the laboratory where the leaves were re 

eoved and. the paper developed. After the paper hnd dried the lea: 

outlines were cut out together with their test area. These were then 

weighed and the leaf aree determined by proportion. An example of the 

method used in calculating the leaf area is given below: 



Area of test strip 	240 cm (2)40 dip) 

Weight of test strip 	2.184 

1 ga. of paper 	z 	1.099 

Weight of leaf area 	1.1706 gm. 

Therefore leaf area 	1.1706 x 1.099 e 1.286 da'e, 

Test areas were taken with each sheet so that au average 

for the day's weighiegs could be eade. This is necessary as aeall 

ereore Llay be made in cutting the test strips, and also to allow for 

variations in the weight of the paper from roll to roll, and within 

the roll. Variations in the weight of the test strip were relativele 

small in any one day's weighings; maximum difference found in any one 

day was 2 of the area (0.02 dm2); the majority of the test otrips had 

less than Oeretf, difference from the mean. 

EEkerimeatal Results. Teo types of assimiIatiee measure 

were mad, 1. by dieect gasometric methods; and 2. from changes Le 

thz dry weight per unit area et leave before and after a given in-

terval of time. 

During 1951 both aaaimilation and reapiration experiments 

were reeeated with an average G1' four estimations made on single 

samples of two leaves during the course of the experiment; a total of 

twenty-one rues were made. 

Certain dirricultiee were encountered in these experiments 

which affected the life of the leeves in the chambere. 
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I. It was feund that it' the surfaces of the chambers were not 

kept flooded with water on bright days, radiant neat would cauee the 

internal teeeereture of the chambers to rise as higa as to deexees 

abel! tn the external air of the geeeelleuee, resultthe in

Zure to the leave°. If in the course of the experiment such injury 

occurred the experiment was stopped, or fresh maples of comparable 

leavee were used to replace those injured. 'noodles the surface oe 

the chambers reduced this risk and became standard practice for ail 

later experimente. 

e. Ti seal the chambers, Resin Cerete was used. Certain pre-

cautions were necessary to prevent any excess from coming into con-

tact with the leaves within the chambers as it was liable to dee:qv 

the lamieas. 

3. Season of the Year. It was eaued practically 12-zoom:Able co 

make successful runs during the later part of the yea.-, as the leaf-

lets were liable to dehisce. This occurred with the controls as well 

64 with the treated leaves. 

Respiratior. F.xperiweets. The sumeeey of the reapiratioe results is 

eves in Table VI, 	which mean respiration rates in mIlligrame 

per hour, per square decimetre axe e,tered. Each figure entered i.e 

the 	an value for four replicated leaves on four occasions; that 

is the mean o: sixteen leavez. Ae the leaves were in pairs in the 

enaebers, figures represent the mean on eight eotimatiens. The stan-

dard deviations in the Table as will be seee, are large. The 

variability is however, due to the difference between different 



occasions ? and is luagela accounted for by the prevailing dif-

ferences in temperature. The high correlation between the -aaadavd 

deviation of the two sets (water treated and 204-D. treated leaves) 

is to be expected. The analysis of variance appended to the table 

show that the treatment effect is quite insignificant, whereas the 

variance due to occasions is above the 5% point aid therefore 

significaat. There is therefore, no evidence that the treatment 

with 20 D. hoe in any way affected the respirattaa rate. The 

sirIuwt ocasion variance is due to very high respiration rates 

In both aerie;, associated with the dark period immediately following 

treatment. In this experiment the leaves were treated, in situ, In 

the chambers. 

The effect o1 Temperature on Respiration. in Fig. 12 the respiration 

rates are plotted against temperatures prevailing during the night. 

The regression line calculated from all individual data is entered in 

the figure with fiducial limits. It will be noted that there are 

four aberrant points; the two high values refer to experiments 

carried out during the first night of tmatmeat; the low valuea are 

for ivo nights at the end of an experiment. The figures tar these 

nights are given in. Table VII and are marked with an asterisk. The 

correlation co-efficient including theca aberrant points has been. 

found to be 0045 with a t. value or 1.95 (a. for 0.10 a 1.75). ince 

the aberration of these points are evidently not random, a second 

ocIrrelatiozi, co-efficieat was worked out far the data omitting thee 
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values. The correlation co-effieient ie now found to be 0461 which 

ie significant with a t. value of 2.55 (P. for 0.05 2.20). From 

the data it is clear that the temperature co-efficient plo  for rea-

eeration in thene experiments, between temperatures of 100  and 20°C. 

is of the order elo e 2.2 . 

Tee reoulte presented do not coneirm the findings of Taylor 

Brewn (194)0  and. Heaun and Lou (1947) that the respiration 

rate is eerected by treatment with 2,4-D. at the optimal concentration 

for rooting. 

Assimieatlon :.....lerizents. Since these experiments were done during 

two different yearn, and on two different gets of apparatus, the 

reeulta for the two years will be discussed separately. 

Carbon dioxide assimilation was measured as the difference 

between the amount ofC°2  in the air drawn through blank. chambers; 

i.e. repreaenting the CO2  supplied to the leaver; and residual CO2  in 

tee air emerging from chambers after having passed over leaves. In 

this way the apparent assimilatior was estimated. The calculations 

ueed te give assimilation rate was as follows 

CO,, 
in atr em.-min•••••••••••••• 

Cl  

Residual 	Actual 
CO2 Assimilation  

C2 	C1 - Ce 

Aasimilatio 
mg. /1w.  

Cl - C2 
leaf area 

This last figure gives the assimilation rate of the leaves 

5_e the chamber for the CO2 concentration available to the leaf. A 

etgure obtained in this way ..—presents the actual carbon dioxide uptake 
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TABLE VI 

ummary of Respiration Results for Water controls and 2,4-D. treated 

/ leaves. All results are in mg./hr./dm2  and are the mean of fear 

experiments. Each experiment having two leaves per chamber and two 

chambers per treatment. 

Treatment 
Water-controls 
CO,, 	Standard 

4. 
res'ired 	Deviation 

214-D. Treated Leaves 
CO2 	Standard 

resplred 	Deviation.  
ELY40. 

Night of treatment 	1.22 

Night after treatment 0.87 

0.27 

0.16 

1.11 

o.85 

0.33 

0.15 

2 nights after " 0.61 0.28 0.75 0.23 

3 nights after " 0.60 0.15 0.60 0.15 

5 nights after " 0.60 0.23 0.65 0.22 

8 nights after ,, 0.47 0.14 0.50 0.13 

12 nights after II 0.56 0.54 

Weighted mean of 
treatments 0.70 0.73 

Standard Error of Mean 0.09 0.08 

f Variance 

D.F. S.S. Variance point 

Treatment 1 0.0004 0.0004 0.02 5.99 

Occasions 6 0.5420 0.0903 5.34 4.28 

Error 6 0.1075 0.0169 

Total 13 0.6499 

Significant difference between occasions 	0.32 mg./hr./dm. 
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TABLE VII 

Aver& respiration rate and temperature for each individual expert- 

run made. Respiration rate given is the wean of the rates 

found .'or the water controls and 2,4-D. treated leaves coMbined. Man 

ter 	were obtained :from thermograph recordings made on the 

nig!;L of the experiment. 

Dote 1.1earl TesrPerature 
c. 

Mean reepiFqion 
migs/hr./dith'• 

12/9/50 
13/9/50 
15/9/50  
17/9/50 

14.7* 
13.4 
14.0 
11.2 

1.11* 
0.71 
o.43 
0.37 

5 /7/51 13.5 0.81 
6 /7/51 18.6 0.86 
8 /7/51 18.4 0.78 
10/7/51  18.3 0,80 
17/7/51 22.1* 1.48* 
18/7/51 20.0 0.94 
24/7/51 16.3 0.90 
25/7/51 18.9 0.98 
27/7/51 18.8 0.78 
1 /8/51 194* o.45* 
2 /8/51 19.3* o.55* 
10/8/51 16.1 0.245 
15/8/51 16.5 0.49 

Correletio Co-efficient (1) 0.45 t 1.95 (P0,10•1.75) 

Regresn Co-efficient b, 	0.049 	Starderd Error 0.17 

Equatiol: for regresston line Y = -0.10 / 0.049x 

* These .our aberrant points are eliminated from the eecond correlation 
co-efficient. 

Correlation Co-efficient (2) „ * 0.61 t 2.55 (P0.05  • 2.20) 
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per unit area or the. Ieavea; but takes uo account or the prevalent 

concentration of =rbondioxide in the <chamber and thereeore, asei 

Iation ratee cannot be adjusted to CO2  supplied, The diatribution 

in the &weber muet„ under the conditions of these experiments, have 

been eere variable. Before-  any direct eamparieen can be made between 

dir:erent experiments some cetimate or the carbon dioxide content of 

the air in the enaMbero muet be made; and further, the assumption 

nude that the assimilation rate Wes limited by the carbon dioxide 

supply, and therefore proportional to the carbon dioxide content e4' 

the air. In order to minimize the Aagnitude of thin correction it is, 

of cour 	deeirable that deplatioa as the air passee through the 

clleeber thould be ao email as possible; i.e. a high flow rate must be 

maintained. The actual rate in 1951 was 20 litres per tour, and thick 

was iacreaaed to 2 litres per hour in 1952. To eetimate the average 

concentration of the carbon dioxide in the chaMber the following 

relation wee assumed; that the average assimilation is equal to that 

derived by the follevieg equations. 

Mean CO2 	Corrected actual 	Corrected 
assimilation to 0.03% 	rate 

avaroamaremoampoon..... 

Ci -  C 
	Observed A.A.  x13.2 	Observed  A.A. xe.2  

01.1....e.•••••••••••••••••••••••14.1•••• 

Lo 	Ci  - Loge  C2 
	Mean CO2 	Neaa CO2 

head: Area 

The cerrected aeatedlation rate obtained by the use ef th 

rerAele  ceenht newever„ be accepted without reservatien„ as can be 

shewe "104  eeesideration c4 the following exeerimental data. 
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CO2 Residual Observed Leaf Asaimd  Mean 	Corrected 
Date 	in CO2 	A.A. Area hr/de CO2  Assim. Assim.dm 2  

Air 	 aric= 

16/7/51 12.42 4.10 8.32 4.179 2.09 7.53 14.67 	3.68 

The air entering the leaf chamber contained 12.42 r• CO,, in 23 litres, 

valle the air emerging from the leaf chamber contained 4.13 mg., the 

concentration of carbon dioxide had thus been reduced from aparoxima-

tely 0.03# to 0.01%. As the work of Gabrielson (194a) and of Heath 

and Milthorpe (1950) has shown, it appears probable that the carbon 

dioxide content of the air cannot be reduced to less than 0.01% by 

assimilation which would indicate in this experiment that all carbon 

dioxide available for assimilation had been used. If these low , )a-

centrations in the air stream were reached at some time 'before the 

air emerged it is clear that the estieeted average carbon dioxide 

content available for assimilation was undereotimated, and theref ore 

the corrected values for assimilation rate would be to) high. From 

the data given it is seen that the corrected assimilation rate, at 

this rate of floe, was greater than tae total amount of carbon dioxide 

passed 1r 	Lae cnamber, and therefore an over-correction had been 

made. ft was a realizatioa of this possibility which led to the in-

creased rate of flow in 1952. The summary of assimilation results 

are entered in Table VIII and Villa. It will be seen that in general, 

the residual carbon dioxide emerging from the chamber is greater than 

1/3 

 

of the carbon dioxide entering, indicating that the concentration 

of carbon dioxide in the chamber was not reduced below the minimal 
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TABLE; VIII  

Summary of Assimilation results for Season 1951 in mgs. per hour. 

Date CO2  
of in 
Exp't Air 

Observed 
Residual assimilated 
CO, 	CO 

per ch- ber oer dm2 

Mean 
CO," 

Corrected 
Assimilation 

ter chamber 

   

A 	aater treated leaves 
preliminary experiment 1950. 

6/9 	12.02 	6.31 5.71 1.48 9.59 7.91 2.10 
7/9 	14.09 	7.04 7.05 .1.86 10.16 9.16 2.43 

13/9 	11.74 	6.24 5.50  1.98 8.75 8.29 2.94 
14/9 	11.76 	6.16 5.60 2.02 8.61 8.62 3.04 
16/9 	13.37 	8.40 4.97 1.76 10.66 6.2o 2.18 
18/9 	11.46 	8.30 3.16 1.12 9.70 4.30 1.52 
20/9 	12.11 	7.48 1.64 9.62 6.36 .25 

1951 experiments 

6/7 	11.61 	8.06 
7/7 	11.16 	6.60 

3.55 
4.56 

2.04 
2.95 

9.77 
8.62 

4.61 
6.98 

2.79 
4.11 

9/7 	12.69 	10.09 2,60 1.51 11.45 3.00 1.74 
11/7 	9.99 	6.67 3.32 1.94 8.23 5.34 3.13 

16/7 	12.42 	4.10 8.32 2.09 7.53 14.67 .68 
19/7 	11.68 	3.00 8.68 2.15 6.32 18.22 4.56 

25/7 	12.46 	5.84 6.62 2.00 9.27 10.02 3.02 
26/7 	12.44 	5.95 6.49 1.96 8.80 8.77 2.94 
28/7 	9.77 	5.15 4.62 1.38 5.44 8.72 2.61 
2/8 	11.14 	6.66 4.48 1.33 8.75 6.78 2 . 0 3 
4/8 	13.82 	7.54 6.28 1.88 10.36 8.01 2.39 

10/8 	10.46 	3.92 6.54 1.30 6.66 12.95 2.59 
15/8 	9.62 	5.48 4.14 0.80 7.37 7.41 1.46 
Means 11.79 5.36 8.39 2.68 
Observed. assimilated CO2  is equal to 46.14 of measured CO2 

Calculated aL-.siailation rate is equal to 63 .& of theoretical CO2 
content in 20 litres of air. 
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TABLE VIII a  

Summari o, Assimilation results for aeason 1951 cont'd in mgs. per hour. 

Date 
of 
Exp't 

CO2  
 in 
Air 

Residual 

4  
CO,, CO`O,, 

Observed 
assimilated 

per chamber 	per dray 

Mean 
CO 
2 

Corrected 
Assimilation 

per chamber 	per dm2 

B. 	2,4-D. treated leaves 
PrelizA:r.exy 1950 

	

6/9 	12.02 	6.73 

	

7/9 	14.09 	8.57 

	

13/9 	11.74 	5.77 

	

14/9 	11.76 	5.39 

	

16/9 	13.37 	6.27 

	

18/9 	11.46 	7.70 

	

20/9 	12.11 	6.90 

1951 

	

6/7 	11.61 	7.20 

	

7/7 	11.16 	7.02 

	

9/7 	12.69 	10.80 

	

11/7 	9.99 	7.18 

	

18/7 	12.42 	5.08 

	

19/7 	11.68 	7.04 

	

25/7 	12.46 	8.16 

	

26/7 	12.44 	7.06 

	

28/7 	9.77 	7.53 

	

2/8 	11.14 	7.66 

	

4/8 	13.82 	7.80 

	

10/8 	10.46 	7.22 

	

15/3 	9.62 	7.07 

	

Mean 	11.79 

5.24 
5.52 

5.97 
5.77 
7.10 
3.76 
5.21 

4.41 
4.14 
1.89 
2.81 

7.34  
4.64 

4.30 
5.33 
2.24 
3.43 
6.02 

3.24 
2.:25 

4.55 

1.27 
1.34 

2.10 
2.02 
2.46 
1.32 
1.82 

2.78 
2.59 
1.20 
1.80 

2.06 
1.30 

1.20 
1.63 
0.70 
1.07 
1.84 

0.87 
0.72 

9.18 
11.08 

8.56 
8.50 
9.30 
9.37 
9.27 

9.23 
8.93 
11.85 
8.54 

8.21 
9.13 

10.11 
9.50 
8.53 
9.34 

10.53 

8.75 
8.31 

7.54 
6.57 

9.22 
8.96 
10.34 
5.32 
7.45 

6.38 
6.15 
2.12 
4.34 

12.15 
6.72 

5.74 
7.50 
3.45 
4.91 
7.57 

4.89 
4.15 

6.56 

1.33 
1.59 

3.23 
3.14 
3.57 
1.89 
2.60 

4.00 
3.84 
1.34 
2.78 

3.39 
1.88 

1.68 
2.24 
1.06 
1.51 
2.28 

1.32 
1.16 

2..12 

Observed assimilated CO2  is equal to 38.6% of measured available CO2. 

CD1cmkted assimilated CO2 is equal to 49.7% of theoretical available CO2. 
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(0.01) and therePore corrected values for assimilation rates are 

not vitiated by this fact. There are however, occasions such as 

the one already cited of the 18.7.51 where the lower limit had been 

reached, and the experiment of the 19.7.51, in which the carbon 

dioxide fell below this limit. Therefore the calculated assimilation 

rate in these experiments is likely to be overestimated* 

Ign, Sales VIII and Villa separately present the detailed 
data obtained in 1951 for the water controls and the 2,4-D. treated 

leaves. In the last column of the tables the corrected values for 

the assimilation rate in milligrams per hour, per square decimetre 

are shown. The results given are the an assimilation rates for 

two replicated pairs of leaves. In Table IX the means are entered 

for the various days after treatment, fsr both water controls and 

2,4-D. treated leaves. The mew. values for the assimilation rate as 

given in this table show that on, the average the water controls have 

the higher assimilation rate. It is also apparent that there is a 

drift downwards in both series frail the beginning to the end of the 

experiments* It appears frot the data that the fluctuatiag values 

for the assimilation rate in the two series, are csrrelated. To 

investigate this correlation further the individual values for the 

assimilation rate (20 values) were plotted against each other. The 

results are shown in Fig. 13. The correlation co-efficient between 

the values oi the two series were calculated and gave an 

r of / 0.45 with a t. of 2,13 (P005  se 2.10) xy 	 . 

The correlation therefore is highly significant indicating that the 
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T4DIJE LX  

of AselmIlation Results by Days from Treatment in 

2.  

Treatment 
Days from Treatment Water Ctmi 2,1 -D. treated 

Day of Treatment 3.21 2,77 

Day after treatment 3.00 2.40 

2nd day after t,,.atment 3.26 2.76 

3rd day after treatment 2.18 1.99 

5tA day after treatnt  2.06 1.94 

it 	day after treatment 2.14 2.04 

i2th day after treatment 2.39 2 

WeIghted Mean 2.68 
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fluctuatine rates obtained in these experiments may be attributed 

to variations in the level of external factors, light and tempera-

ture, obtaining on the different days. The regression of the assi-

milation rate of 2,1;-D.  treated leaves on the assimilation rate J:or 

the water controls was calculated, giving the follf:A/Intz equation: 

Y 0.91 i 0.525x; y is the assimilation rate of the treated leaves 

and x is the controlled values. If the aseivilation rates were un-

effected by treatment one would expect the reereesion co-efficient 

to be 1.0; the value obtained (0.525) confirm the fact already 

indicated by the mean values in Table IX, that 2,4-D. treateent eas 

consistently reduced the asstmilation rate of the leaves. 

1221  Similar data for the experiments in 1952 are le Tables X 

and XI. So far no eureary Table XI is concerned, full data were e:Tly 

available for the Arab three -CeaSi033. The neans of these three 

represent the results of few experimete each, emeluyieg four re-

plicate eeperimeett. The lust experiment eee le aaye after treatment 

was nut enmelete in the ueeee that only one experiment with four 

replicates was availuble. The weighted an ear tee aselmilatioe 

rates in the control and treated leaveu are entered*  and sne, a small 

difference in eavour of the 204-1). treated leaves. Analeeis 

variance using the firut three uccasione r wnich c...cplete data are 

available are shown in Table XIa. The treatment effect I quito In-

stgilL'icant whereas the variance between occasions iu very highly 

significant, as is also the variance between experiments. The first 

order interactiene are all  significant to the 5 point. 
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TABLE X  

Otiamry c.) Assimilation Results 1952, ia is. per hour. 

Date 	CO2 	Residual 
lu 	CO,„ 

Exet Air  

Otserved 
Assimilated 	Mean 

CO2 	, 	CO2 ceder 	per de 

Calmiated 
Assimilation 

Der dm2 -.)er chamber 

A. Water treated leaves 

	

28/6 	12.94 	8.95 

	

30/6 	13,22 	8.84 

	

5/7 	13435 11.22 

	

12/7 	12.34 12.09 

	

8/8 	14063 	9.55 

	

10/8 	14.39 12.24 

	

14/8 	15.00 12.86 

	

20/3 	15.15 	9.91 

	

22/8 	14.59 12.61 

	

25/8 	18.35 15.14 

	

28/8 	14.91 	9.'.";1 

	

30/8 	16.40 12.95 

	

3/9 	16.23 14.38 

B. 2,44). treated lea 

	

28/6 	12.94 	9.65 

	

30/6 	13.22 	9.54 

.j '., . 
4.38 
2.13 
0.25 

5.08 
2.15 
2.11+ 

5.24 
1.98 
3.21 

4.60 
3.45 
1.85 

3,29 
3.68 
1.86 
1.14 
3.34  
1.73 
1.86 

3.55 
2.47 
4.19 

6.91 
-.).78  
5.58 

3.11 

3.34 

2.67 
2.86 
1,35 
0.15 

4.06 
1.82 
1.70 

::. .66 
1.J) 
2.19 

4.10 
2.27 
1.09 

2.50 
2.69 
1.113 
0.72 
2.88 
1.53 
1.47 

2.75 
1.75 
2.99 

4.71 
2.29 
3.53 

2.25 

2.40 

10.91. 
10.92 
11.44 
11430 

11.90 
13.32 
13.97 

11.86 
13.84 
16,52 

11.52 
14.57 
15,43 

11.43 
11.32 
11.74 
11.97 
12.98 
13.54 
13.42 

12.78 
13.38 
15.92 

11.10 
14.32 
13.23 

4.91 
,.32 
2.50 
0.28 

7.18 
2.69 
2.61+ 

7.36 
2.42 
3.22 

8.06 
3.92 
1.98 

3.86 
4.26 
2.10 
1.30 
4.39 
2.12 
2.60 
4.72 
3.12 
4.35 

10.38 
4.54 
7.25 

4.04 

3.63 

3.29 
3.48 
1.57 
0.17 

5.70 
2,29 
2.09 

5.13 
1.50 
2.19 

5.69 
2.57 
1.29 

2,38 
3.10 
1.60 
1.11 
3.72 
1.C7 
2.02 
3.68 
2.21 
3.10 
7.26 
2.7; 
4.09 

2.83 

3.03 

	

5/7 	13.35 11.48 

	

12/7 	12.34 11.20 

	

8/8 	14.63 11.29 

	

10/8 	14.39 12.66 

	

14/3 	15.00 13012 

	

20/8 	15415 11.60 

	

22/8 	14.59 12.12 

	

25/8 	10.35 14.16 

	

28/8 	14.91 	3.00 

	

30/8 	16.40 12.62 

	

3/9 	16.23 10.65 
Means 
Water Treated Leaves 
2,4-D. Treated Leaves 
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sualm,ry of Aselmiletion Results by Days rrom 	atment. 1952. 

Means ofou experiments, each with four leaves per treatment, 

except for 15 days after treatment in which only one experiment 

was carried out. The re. a1to are 6iven in milligrams per hour per 

n4uare decimetre. 

Days from Treatment 
41•=11.-- 

Day after treatment 

3 days after treatment 

5 days ater treatmen 

15 days after treat 

Weighted mean  

Leaves treated with 
Water controls 	0.5 p.p.m. 2-D. 

	

5.00 
	

4.38 

	

2.46 
	

2,48 

	

1.79 	2.70 

	

0.17 
	

1.11 

	

2.36 
	

3.03 

TARLE XI a 

Analysis of Vari - Ice on Asetailation redults, 1952. The result 

for the fifteenth day after treatment are not included in the analysis. 

D.F. S.S Variance • Point 

Tretme;,t 1 0.2450 0.2450 0.18 3.96 

Occasions 2 122.2779 61.1389 48.50 3.11 

Experiments 3 22.2515 7.4172 5.39 2.72 

T x 0 2 10.9768 5i+8814. 3.98 3.11 

T x E 3 3.7.2450 5.7483 4.18 2.7 

0 x E 6 40.2949 6.7158 4.88 2.21 

Error 78 108.1679 1.3738 

T x C) x E 6 9.5551 1.5925 1.16 2 

Error 72 98.6128 1.3696  

Total 95 321.4590 
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Occasione represent a series of increasing ages of the 

leaf, and the total effect has already been shown to be very highly 

significant. The significant interaction with treatment (T x 0) 

indicates that the change in the assimilation rate with age varies 

with treatment. The treatment - experiment interaction (T 

which is highly significant, reflects the effect of the time of 

the year at which the laants were grown. The even more highly 

significant occasion - experiment interaction (0 x E) is a con-

sequence of the varying levels of external factors on the different 

occasions on which the experiment was carried out. The second order 

interaction (T e e x E) is not signieicant when comeared with the 

error variance and teerefore, to estimate the error in the main 

effects and first order Leteractions, hz•Ae been leciuded in the error 

variance. 

The treatment occasion interaction has been anaIyeed one 

step further and the relative analysis of variance is entered in 

Table XII. The data in Table XI based on an rates, shows that on 

the firth day of treatment there is a _111e difference between treat-

ments, and the analysis for that day confirms that this difference is 

significaat above the 5% point. 



TABU XII 

Arais of Variance 

Fifth clay after treatment 1952. 

	Varialxe 	%pOlAt  

Treatr^nt I 7.Z200 7.2a0u  

Experiavat 3 
', 6.2578 	2.0859 	1.54 3.55 

T x E 	., 	11.4424 	3.8141 	2.82 	3.55 

Error 	24 	32.1 O5I 	1.3052 

Total 	31 	5/.3346 
111...r.ndom 

The neaa value for the assimilation rate includes the very 

- values for the treated leaves on the 23/8 ad 	and these two 

values result in the interaction between experiments and treatment 

already mentioned* The values cannot therefore be discarded; but 

since they contribute largely to the value of the mean, the latter 

cannot be regarded as indicating ay general relation between the 

assimilation rates of the control and the treated leaves. 

In order to determine the general relation between the 

assimilation rates the individual values have been plotted against 

each other in Fig. i4. A correlation co-efficient has been determined 

and the value fur 	o / 0.74 with a L. value of 3.65 and P0,01  of 

3.11; and is thus significant at the 1$ point. Again therefore the 

fluctuation la assimilation rate indicated by the scatter o points, 

is not rortultous, and is largely due to variation la other factors. 

* .1160111.•1.41 
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CO2  ASSIMILATED BY WATER CONTROLS (MG/DM2 /FiR) 
1952 DATA 

Fig. 1 	Correlation Diagram for assimilation experiments 1952. 

Assimilation rate .for water treated leaves plotted 
against the assimilation rate for 2,4-D. treated. leaves. 

Solid line is the regression line including all data. 

r 	/ 0.74 	Regression equation. Y = 1.17 / 0.625x 
xy 

Dotted line represents the regression line for all date 
except the two high aberrant values. 

r 	/ 0.83 xy - Y x 1.46 i 0.438x 
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The regressive line including ail fuluea is givee by the equation, 

Y • 1.17 / 0.625x where y is the assimilation rate for 2,4-D. treated 

leave and x for the control values. 

This regression co-efficient of the 1952 experimente thus 

agreee with the values ;)•etaieed in the 1951 experiments shown in 

13 sad agaie indicates that the assimilation rate after 4-D. 

treatment has been reduced in epite of the two very high values 

already mentioned. Oiittin these values the correlation co-efficient 

now rises to .11 0.83 and the regression equation now becomes 

Y e 1.46 i 0.438e. The deteed liee in Fig. 14- represents this equation. 

Finally, in Fig. 15 all data for 1951-1952 are entered, 

to ether with the regression line (full line) which ca be represented 

b • the equation Y = 0.93 / 0.631x. The correlation co-efficient was 

found to be o.64. The dotted line red 	the regression line 

omitting the aberrant values obtained in 1952, and which were obtained 

in the last ez.periment. The recession equation for this line is 

Y 	1.07/ 0,507x. 

It can therefore be concluded that the 2,4-1) treateeet 

has reduced the assimilation rate of the leaves. The fact that the 

reeressioe line does not pees tarc.tukiix zero way ladicate that the 

regression to actually curvilinear but it was not considered worth-

while eetahlishing this pint. 

It should be pointed out that the average assimilatloll in 



1952 wee higher than in 1951 aed may have well bee e due to the 

fact that the sate of floe had bee.). lecreused At 20 litres to 25 

litres per hour, tied each chamber centained only one leaf compared 

with, twe in the previous year, and thus avoided mutual shading. 

This improvement in technique was reflected by the fact that the 

average CO2  in the or emerging from the chaeber was increased 21, n 

37p 121 1951 tG 73 in 1952 of the original CO2  content of the air 

entering the chamber. 

lieu the data in Table XI It Is evident that the aosimi-

latioe rate tends to fall with time. This: decline in the rate of 

assimilation closely approaches a hyperbela, as can be seen froxr  

Fig. 1G in which the loge  assimilation rate has been plotted against 

time are treateent, for beth control and treated leaves. It will be 

noted that the experimental values closely approxtmete to a steaight 

line, iedicating that the assimilation rate is steadily falling 

throughout the expertment. From the data in rig. 16 one may conclude 

that there is no differential effect betweee treatment with water 

or 214-D on the assimilatioe rate in this respect. 

D. Estimation of Net AssinOlation Rate  by Growth Aeaeysia. In 

addition to the gasemetric wethodo for the measurement of the. 

assimilation rate already described a simpler and more direct meth..4 

eor the eetieation of the net assimilation rate war used, baeed on 

the inerements of dry weight in rooted leames. Three such experiments 

were carried out, and will be referred to as 1951; 1952A; and 19526. 
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These experiameets were done at the seine time as the gasometrfx experi-

ments; the leaves were not enclosed in a chamber as in the gasometric 

experiments; but were exposed to the open air of the greenhouse in a 

situation alongside, so that the external conditions were similar. 

The method employed was as follows: .. A suitable number 0: 

dwarf French bean leaves, grown out of doors, were collected and 

brought to the laboratory with their petioles in water. Fresh weights 

were immediately determined, and each individual leaf was then placed 

in a numbered specimen tube containing the appropriate solution, viz: 

tap water, 2„4-D; or I.B.A. A sample of the leaves was taken at 

this time to form the initial sample; shadowgrapnc of these leaves 

wore ,eade to obtain the leaf area of the lamina, and then they were 

dried down to constant weight in an oven, controlled at 80 degrees 

centigrade. The period of time used to dry the leaves down was over-

night. The remainder of the leaves were, in tee meanwhile, placed in 

the dark for 24 hours with their petioles dipped in the appropriate 

solution. After this period the hormone solution was discarded and 

replaced by tap water, and the leaves removed to the greenhouse; the 

water in the tubes was changed daily. The treated leaves and the 

water controls were divided into two groups which constituted two 

series harvested at two periods of time. At tne t;me ef harvest, 

fresh weights were again taken; leaf areas determiled by making shadow.. 

graphs; and fresh weights of the separate parts of the lea. obtained. 
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COMBINED DATA 1951/1V52 

Correlation diagram ror al/ 'atailation data 
(1951 and 1952 combined), 
Full lihe representz the regresion line for all data. 

0.61 	Y • 0.93 i 0.613x 

Dotted line represents the regression line ortiitting the 
1952 aberrant values. 

Y .1 1.07 / 0.507x 
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No. OF DAYS AFTER TREATMENT LOGe SCALE 

Fig. 16. Regression line showing the fall in sasimilatio 
rate with time. 

The equation of the regression line is 

Y a 1.; `j2 / (-0,567)x 
Data from Table XI. 
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Making the shadowgrapho necessitated the removal of the leeina from 

the petiole. Petiole and root fresh weight were measured and the 

weight of the lamina obtained by difference from the total. The 

various parts of the leaves were then dried down at 80°c. and the 

dry weights determined. Varying numbers of leaves were used in the 

different experiments as shown by the following table:- 

TABLE  XIII  

Experiment Date of 	No. of Leaf No. of days after treatment 
designation. starting the replicates 	before harvesting 

eeporiment per sample lot. aerien 2nd serioe 

1951 31 July '51 10 11 21 

1952 A 18 June 	52 8 1C 
1952 B 9 July '52 8 

In the folleving Tables XIV to XVI the primary data are 

enterei. All the data have been reduced to Comparable basis ey 

stating all value in terns of changes per square decimetre u2 leaf 

area. 

Results - 1951.  As was found in previous work with the iselated 

French bean leaves, Herari (1950), very little growth in the lave 

occurred after isolation. This is seen from the very email Increases 

in fresh weight in all series. Water content of the leaves tends to 

fall during the course of the eeperiment; this effect being much less 

marked in the. leaves treated with 2.5 p.p.n. I.L.A. than in the other 

two treatments. 
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TABLE XIV  

Summary of information obtained 1951 
All datum are the average of ten measurements. All weights are in Gra:As. 

A. Fresh Ueight. 

Treatment Initial Final Total Water Content Leaf area 
F.W./dm2  P.M./ 	D.  W./ ii 00/D.W. an p 

da2 	drat 
0.44.40 	.4.4.:wwwwwWWWWWWWW.W.WWWWWW1h.W44.44 

	

Initial leaves 3.03 984 	1.913 ..... - 	- " 
Water controls 
11 days 	3.14 3.18 
	

5613 	2,078 

1 dayz,J 	3.11 3.33 	505 	2.2i1 

0.5 p.p.m. 2,4-D, treated leaves 
11 Oka 	3.00 	":3.1 	561 	1.700 

21 dais 	3 02 	2,,i,. 	- • , c ' )4. ;', 	 04 5 	1.326 
------ ------------ - - . . 5 . - - . 5 5 - - S _ - 
2.5 p.p.r.. I.B.A. treated leaves 
:U days 	, r , - 	0.500 	568 	1.790 

21 dais 	3.07 	0.586 
	

565 	1.959 
- 	  

44••••4444.44.* 

b. Dry Weights 
Tai-.t Total 	Lma17.ta 	Petiole 	Root 

D.W.1 13*,/ D.W./dm? D.W./ 
dm2 	 dm2  

initial leaves 0.443 0.356 	0.087 

	

dor 	 • 	 ....... 	 1.44 	 .4 .0. A. 	454 444 4,64  

Water controls 

	

11 days 	0.479 0.357 	0.130 	IMP 

21 days 	0.550 0.390 	0.158 	0,002 
... 
	
.. 	 w . 	. 	 . 

	 .......... 	• 	 441 

0.5 p.p.m. 2,4-D treated leaves 
11 days 	0. 	0,336 

	3.133 
21 days 	.1.612. 0.383 	0.190 	0.033 

2.5 p.p.m. I.B.A. treated leaves 

	

11 days 	0.500 0.367 	0.137 

	

. 21 days 	0,586 0.378 	0.167_ 	0.039  
Necessary difrerence :.orsignific 	m atice 	Total D.W./d 4-676-00su. 

Lamina D.W./dm 	0.056 gm. 	Petiole Da.jam2  0.019 gms. 



16.days 3.03 4.00 

4.34 
2.5 p.p.m. I.B.A. treated leaves 

8 days 	3.29 

16 da Zs- 	. zotj_ 

TABLE  XV 

Total 
D .w /&2 

Water content 
112° 	W, as 

Le 	Area 

0.387 727 1.429 

0.462 637 1.617 

0.579 585 1.543 

0.461 660 1.521 

0.604 573 . " 1.442 

0.513 639 1.516 

0.611. 554 1.314 
.... 	... 

Q.533 723 1.31t6 

0.65  .. 	--- 654 
- • a. 

1.217 

0.522 732 1.4,34 

0.621 642 1,383 

.1§ .4azs. 

Summary of information obtained 1952 A. 

Lach datum is the average of 15 measurements. Al.]. weights given 

art in crams. 

A. Fresh Weight 

M 	3.28_ . -5°12 .. . 

Treatment Initial Final. 
F.W./dm? F.W./dm 

Initial leaves T.2O 
. 

Water controls 

	

3 days 	3.15 	3.79 

	

16 days 	3.16 	3.96 

0.25 p.p.m. 2,4-D. treated leaves 

8 days 	2.89 	3.65 

0.5 p.p.m. 2,1i-D.  treated leaves 

	

6 days 	3.29 	3.78 

	

it ciao 	3.29. .3'99 

2.5 p.p.m. 2,4-D. treated. leaves 

6 days 



TAB14 XV a 

agirwrta-.. 
	

information obtained (in 

P.4pernt 1952 A. cont 'd. 

B. 	D./4 Weights, 

Total 	Lam:1 
Treatnent 	14,g./44  

Petiole 
D.W,4 

Root 
D•WeidAt2, 

Initial Leaves 	0,400 	0.326 
OM 	As 

Water treated leaves. 

0.075 
AP. 	M Oi, 	M,P 	a41,0 

Q 	ae 	.482 	0.352 0.129 

16 clays 	0.579 	0.382 0.190 
. AOa 	a .0 	 . M... . .. 

0.25 p.p.m. 2,1 -D. treated leaves. 

8 days 	o.481 0.141 

16 days 	00604 	0.375 0.210 0.020 
4403 	TA 	AT 	. 	B. 

0.5 P•P 	214...D, t'eat 

8 days 	0.513 	0.361 0. 	9 

16 days 	0.611 	0.384 9.204 0.020 
aaaa 	WWWa WWWWW AA 	Api 

2.5 P•Purao 204-D. treated leaves. 
8 days 	0.533 	0.374 0.163 

16 days 	0.685 	0.380 0.228 0.074 
MA 	 404 	. 	M. 	.0 	411. 

2.5 	I.B.A. treated leaves. 

da 	0.522 	,J.365 0.148 

16 dayo 	0.621 	0.383 0.195 0.039 

0.4 	4.44.44. 

Necessary diZforelxo fr ca.gttificaLte 	= 0.069 gms. 
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V.BLE 1;VI 

13u-mlary 	tion obtained. 1952 B. Each datum is t.!e averse 

of 40 measurelaents. All weights are given in grams. 

A. Fresh 4eight 

	

Treatment Initial 	Final 	Total 	Water Content Leaf Area 
F.W./dm? 	D.W./&m2  420./D,W. as 	dmP 

Initial 	3.10 	0.466 	565  
- a 4, iia PR 	.... 00 P P pl. 	  P P P. . 4. P . Mt IP 

Water controls 

8 days 	2.94 	3.36 	0.55 	510 	1.4k; 

15 days 	2,95 	3.50 - . - 0.580 	- - 	505 	1.11/ 

0.3 p.p.m. 2I4-D. treated leaves 

3 days 	2.98 	3.43 	0.545 	532  

15 days 	2.95 	3.86 	0.592 	.552 	1.511 

2.5 p.p.m. I.E.A. treated leaves 

	

3.03 	3.52 	0.530 	7,6 	1.325 

	

3.00 	4.25 	0.613 	59?, 	1.339 
. . . 	 . . . . 	  ... . . M m . ea . . . 

	 .......... 

B. Dry Weights 

Treatment 	Total 	Lamina 	Petiole, 	Root 0 
D.W. 

 
D.w./da2 	D.W./dmf=  

Initia1 leaves 0.:,66 	0.372 
Om Pr WO r. 01. 

Water treated leaves 

	

3 days 	0.545 
	

0.417 	0.123 

	

lays 	0.580 	0.412 
	

0.163 
101. Paaa IP 5 5 WI S. aP a aI. PPP. 	 Q., 	P 	 P 

0.5 p.p.a. 204-D. treated leaves 

	

8 days 	0.545 	0.408 
	

0.136 

	

gaZ6 	0.592 	0.382 	0.192 	0.028 . a. 

2.5 p.p.m. I.B.A. treated leaves 

	

8 days 	0..J 	0.397 
	

0.133 

	

15 days 	0.613 	0.398 
	

0.174 	0.033 

Necessary difference for 
significance 

Total dry wait. * 	0.029 gm. 
Petiole D.W./4.a 	0.017 
Lamina D.W. /dm2 0.028 

8 days 

15 days 
ON 



The changes in dry weight :or the var.:eels parts of the leaf 

and total changes in dry weight per square decimetre are entered in 

tee lower part of the table. Analysis 	variance shows that the 21- 

crease in total D.W./dm2  over the initial D.W.ide was highly 

significant, with an F. value of 6.25 with a 5% point of 3.13; the 

necessary difference or si6nificance being 60 milligrams. The gain 

le tleeal dej weight per square decimetre for the different perids 

and treateet, are entered in the 1.%)1lowing table. 

TABLE XVII  

Gain in total dry weight per square decimetre. Experiment 1951. 

All .igures are in nIlligrams. 

pain in weight per period and per cilay. 

Treateeet 1st 11 days 2nd 10 days Total 21 days 
per 	per per 	per per 	per 
period day period day eeriod 	day , 

Water treated leaves 	36 	3.3 	71 	7.1 	107 	5.1 

0.5 p.p.m. 
treated leaves 	31 	2.8 139 	13.9 	170 	8.1 

2.5 p.p.m. 
treated leaves 
	

57 	5.2 	36 	3.6 	143 	6.3 

It will be seen from this table that none of the incremente 

over the first eleven days are significant. This is probably due to 

adverce weather conditions during this part of the experiment; the 

days being cloudy and cool with a maximum temperature of 21°C. during 

the day and with a minimum night temperatures as low as 10°C . DurinG 

the second peried of the experiment, significant increases in dry 

weight are found for all treatments; and the difference between 

1.1011.t.aeszrna. a 



the water controls and the 0,5 p.p.m. 2,4-D. treated leaves axe 

1:icant over the whole period of the experimeet. The value 

for the 2.5 p.m. 	treated leave:" does not differ eignifi-

cantly from the eater controls. The results of this experiment 

tend to cenfirm the findineo :ea the guaometric experiment. 

The .'ate of increaee per uare decimetre, per day, ac 

shown in the table eedlaveraged over the whole period are yore lew; 

aad are far below the rater reported by Beath and Gregory (1933) la 

which the dxe weight tresses per equate decimetre for eareo-.-

eeeclee averaeee 79 ee./dalidae.; and Goodhall (l045) found fez.  

Tomate a net ansimilation rate of 69 mg./d4day in the uumer, 

17 eg./dm/dae in the winter* Hone o the assimilation rates reached 

even the winter rates found by Geodhall for Tomato. The whole scale 

of tee experiment was too limited and not much weight can be attached 

to these results. 

Ae far as the changes in 'weight it the diferent jars of 

the leaf are concerned it will be noted that the changes in dee 

weight eer aware decimetre c the lamina are very email, (lea euite 

insignificant. Analyeie of variance given an F. value of 0.76 with 

the required difference for significance being 55.6 mes. This agrees 

with the findings of Pett et al who found that there waa no 

eignieicaet difference in the amount of photosynthatee accumulated 

by apple leaves sprayed with 10 .o.p.m. 2,4-D. and the control leave,. 

In eoateast with the imaiea, the petioledry weighte ha%-e 
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increased significantly with time over all treatments. Analysis;' 

variance gives an F. value between treateeets of 9.41 with the 

point equal to 2.74; the necessary theeereece for significance being 

mgs. No significant difference between treatments was found on 

the llth day after treatment, but at the 21 day level the 0.5 p.p.m. 

204-D. treatment showed a significantly greater difference from the 

water controls. I.B.A. treated betioles were not significantly 

different from the wate%. controls . In thts they parallel the results 

found from the total dee weights. The increases in weight with time 

are significant at both levels or all treatments. This effect was 

due to the accumulation of ass.;milatee in the petLole as found by 

Gregory aed Samantarai. 

The number of -.;000to produced were in accordance with earlier 

experiments. 0.5 p.p.m. 2,4-D. treated leaves had about half the 

number of roots shown by the I.B.A. treated leaves. (64 us compuee 

with 160). Water treated leaves produced an average of 11 roots per 

leaf; this result being entirely due to two of the ten leaves with 

large numbers of roots; one of those two leave' had 78 roots and the 

other had 26; the re:minder o' the leaves had not more than 3  very 

short roots. 

1952 A.  In view of the small assimilation rate obtained, in the 

previous experiment of 1951, in which the second leaf from the apex 

was used throughout, it was considered possible that this leaf was 

not the most actively assimilating. In the present experiment there-

fore, three series of leaves were used, namely, 1. the uppermost ex- 
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panded Lea e on the main axis; 2. the uppermost leaf on the first 

axillary branch; and 3. the next leaf below the uppermost leat er 

the main axis . Samples or rive leaves of each kind were used 

eech level of the experiment. In Table XV mean values are eetered 

for fieteea observations and Laclude all three serieu. The 

dieferceces between the values obtained for the sets of leaves 

ueed ere in the main not significant, as shovn by the data cet out 

in the table below. 

LE XVIZI  

Mean, increments oe weight per leaf series in gme./d0 
All treatmeeto combined. 

Leae 
	

D.Weldm 
	

Cain in weight from the 
Series D.W, dm" at the end at the end 

	
Initee,  leaves 

•••••••••••••••••••.....00, 
	 or 	days 	or 16 dayn 	3 day& 	16 daya  

1. 0.323 
	

0.474 
	

0.597 
	00151 	0.274 

2. 0.14.05 	0.500 
	0.660 	0.095 	0.255 

3. 0.434 0 5 
	0.604 	0.111 

	0.170 

heal 	0.367 	0.506 
	

0.621 	0.119 
	0.234 

Necessary difference for cigneficance 0. 	cps. The only 

significant difference being ia the increment in dry weight between 

leaf 4o. 3 which wee the lower leaf oe the main axis, and leaf A:). 1 

at the end oe the 16th day. 

An was shown in the 1951 expeeiment the water conteut o.: 

the leaveu fell througheet the ceuese of the experiment„ at all 

treateent level 	With 2.5 p.pea. I.B.A. and 214-1). the fall in. 



water content did not begin until after the first eight days. At 

the end of 16 days these two treatments still had the higeest 

water content of the different treatments and 0.5 p.p.m. 

with the lowest. 

In the 2.5 p.p.m. levels of both hormones the increment 

in growth as indicated by increments in final fresh weight, was 

greater than in all other series; but the high water content at 

the end of the eight days was riot due to lack of assimilates as 

the data fer total dry weight per decimetre squared show, which in 

these two series are tie highest values. In the 2.5 p.p.m. 2,4-D. 

series the leaf area progressively falls and this reflects tee 

mareinal damage caused by the high hormone treatment; the damage 

did not, however, affect the assimilation rate. It should be 

stated that the dead portions of the lamina were removed before 

the final dry weight was taken, otherwise, by including the dead 

material and calculating the assimilation on living portions a 

spurious increase in the assimilation rate would be recorded. 

Analysis of variance for the total dry weight per deci- 

metre squared gives an F. value of 6.21 with a 14, point of 3.41 

for treatment effects. Necessary difference for significance 

being 0.069 grams. Leaves in all treatments gained significantly 

in weight per decimetre squared from that of the initial leaves by 

the end of the eighth day and a further significant gain in weight was 

made by the end of the sixteenth day. Increases in weight per 



equare decimetre are shown in Table XIX. 

At the end of the eighth day there was no significant 

difference between treatments in total dry weight per decimetre 

squared; all series of treatments showed significant increases in 

weight from the initial dry weigut per square decimetre. 

TABLE XIX 

L:Icrealie& in Total D.W./dm? Experiment 

FirA 	Second 
Treatment 	 8 

Days 	Days 

1952 A 	in grams. 

Total gain 
in weight 
16 days 

Water controls 0.095 0.097 0.192 

0.25 p.p.m. 204-D. 0.094 0.122 0.217 

0.5 p.p.m. 204-D. 0.126 0.098 0.224 

2.5 p.p.m. 214-D. oak6 0.152 0.298 

2.5 p.p.m. 0.135 0.099 0.234 

Necessary increase for significance 0.069 gms. 

By the end of the sixteenth day the treatment difference had in-

creased with the 2.5 p.v1.1a. 2,4-D. reaching a level significantl., 

higher than the water controls. From tais experiment therefore, 

there is no evidence of a decrease in assimilation rate due to 

hormone treatment; on the contrary, there appears to be an increase 

in the assimilation rate due to treatment with 2,4-D., the effect 

becoming greater the higher the concentration. The effect of the 

I.B.A. in spite of its greater rooting response, is about equal 

to that of 0.5 p.p.m. 204-D; and is less than that of the 

corresponding strength of 2,4-D. in both rooting response and increase 

in weight. 
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ihe increase in dry weight per decimetre squared following 

..lo-moae treatment ys not seen wen the lamina alone is considered, 

in no instance did the increment changes from that of the initial 

increment reach a significant level. 

Petiole dry weights per square decimetre, on the otner 

. csi3w significant i;acreases, both at the end of the 8 day 

and A day periods, taus indicating that tile major part assimilated 

b3,  the _Lamina is translocated to the petiole. So far as treatment 

effects are concerned there was no significant differences between 

treatments in petiole dry weight per square decimetre, but when root 

weight was included the 2.5 p.p.m. 2,4-D. treatment becomes 

signi,:icantiy higher than *Lae water controls. 

increase in aseimliatioa rate, with dosage, of 2,4-D. 

treated leaves noted in the previous Table runs parallel with the 

amount of root produced in these treatments, as is shown in 

Table XX. 



TABLE TA  

Number of roots produced by the various treatments in Experiment 

1952 A* and their Dry Weight _n milligrams. 

Treatment 

906.1.viter 	  

Number of roots 
ilduced 

Average 

D.W. of roots 
induced (m.) 

er leaf 

  

Water controls 
	 o.4 

0.25 p.p.m. 2,4-D. 	21 
	17.0 

0.5 p.p.m. 2,4-D. 	52 
	27.0 

2.5 p.p.m. 214-D. 11 
2 r..5 	 tAi 

This might be attributed to the fact that translocation and utiliza-

tion of the assimilated material In root formation tends to prevent 

the accumniation of assimilates in the lamina and thus reduce the 

net accumnlation rate. U.ta to be prevented later, on total 71Arbo-

hydrate ntent in the ltvaina (Table XXVIII) lends support to this 

view; the total carbohydratec in terms of milligrams per gram 

fresh weight, for the three levels of 2,4-D., at the end of 16 days, 

being 36.3; 31.2 and 29.5 ss. respectively. 

aet Assimilation Rate. Since the area of the leaves change very 

little during the course of the experiment, and indeed, la some cases 

wing to sampling errors tho leaf area was less than the original, 

the net assimilation rate could not be caLzUlated from the ttandard 

formula employed in ''ei)wth analysis: 

(W2 	1)(1 	L2  - loge  L1) 
L 4 1 



instead the net assimilation rate could be calculated directly by 

increments in dry weight per decimetre squared in which such cane 

in area as occur have been elimleated. Net  assimilation figures are 

entered in Table XXI. hi colume 2 the assimilation rates as 

mg./dm2/period are entered; in cola 3 the assimilation is entered 

as m4./de2/day; and in column 4 the assimilation in term of CO 2  

take up are caleulated on the aseueption that all Increase in 

voiget are due to carbohydrates. In this experInt the assieelatien 

rate In the two periods showed no consistent differences, ualeke the 

experimeet in 1951. The &nieral level of this experiment was eeeh 

higeer than in the earlier experimeet as the envieenental conditione 

were ore favourable. In this respect growth experiments resembled 

the eauometric determinations already presented* 

Blackeae (1952) treatieg young Helienthue weenie pleete with 

various concentrations of Nae2„4-D.1  applied either as a sere or ey 

individual drops, :owed that with increasing dosages different eeecets 

on the relatiee growth rate were produced in different parts of the 

pleat. The data presented in Table XVIII, in which the increments in 

dry weight are ivea fur three different sets of leaves, tends to bear 

this out. This difference In effect will be reflected in the results 

presented in Table XV, each datum represents a mean found from the data 

for the three sets combined.. This will in peat account for some of 

the differences noted in the Net Assimilation rates given in Table XXI 

between the different doeaees at both time levels. 

The exeerience gained in the two previous expert- 



meets showed that to obtain definitive results it would be necesear  

to increaee the number of replicated leaves to the maximum possible 

extent. In teis experiment, the treatments were reduced to three 

namely; eater controls; 0.5 e.p.e. 	eed 2.5 p.p.m. 

the latter two treatments being used to obtain maximum rooting 

eeeects. The leaves were suppled after 3 and 16 dap); 	replica-

ted leaves were used for each maple. The Improvement in technique 

is shown by the standard errors of the sample, for in this experi-

ment the difference in total dry weight per square decimetre 

necessary for significance was 29 lugs., as compared to 69 rags. in 

the experiment 1952 A and 6o Does. ia experiment 1951; and the 

standard error of the initial fresh weight did not exceed 5% of 

the an. 

In this experiment the water controls showed a progressive 

decrease in water content; the 0.5 p.p.m. 2,4-D. showed first a fall 

in water content followed by a recovery, while the leaves treated 

with I.B.A. Gained in eater content durixi the second period. lee 

hormone treated leaves again showed more growth than the water 

controls an shown by the increases in fresh weiglit per sjuare 

decieetre. 

There is aeate no significant dieeereeees between treat 

meets in the dry weights per square decimetre of the lamina. F. 

value is 1.56 with a 5,h point of 1.93. All treatments showed a 

signiVicant increase in Iamiea dry weIghts over the initial value; 

this value being the most =reed in the water controls. 
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Petiole weight per squaxe decimetre showed a eery sigei-

ficant increase in weIght in all treatmentsover the initial weights; 

and significant treatment effects now appear between treatments with 

the highest Value occurring in the 0.5 p.p.m. 2,1t-D. treated leaves 

which differs significantly from both the water controls and the 

I.BeA. treated leaves. 

In total dry weight per square decimetre the lecroment 

over the l'Atial value is highly sigaL7icant or all treatmeetc and 

on all. occassions, but the diafereecee between treatments is not 

significant except fur I.B.A. at 15 day level which shown eignircaet 

increase over the water controls. Increases in total dry weight pee 

square decimetre are shown in Table XXII. It will be seen that the 

uniforu high rate of the 1952A experiment la associated with low 

Initial dry weight per seuare decimetre. The low values obtained in 

the I952B experiment was not due to unfavourable weather conditions as 

the conditions during this experiment were good throughout,  but on the 

other hand;  the initial dry weight per square decimetre was considera-

L1, hizhQ2. than in experiment 1952A. In the 1951 experiment where the 

tinI refit was also high, together with unfavourable weather 

condltioiT, led to a very low aesiellatioe rate. Taking the data as a 

whole therefore, it would appear that the total dry weight per square 

decimetre tends to a maximum and therefore the higher the Initial 

value the less the iecruyeet obtaiaed. An already has been pointed 

out the total carbohydrate in the lamina falls with the increasing 

amount of root eroduced, but the translocatien to the root system 
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17.5 

17.3 

)5 

97 

192 

Water contra 

1st 8 days 

2nd 8 days 

Total 16 dais 
a OD ow co g. DO .... Ott OD CO eat CO OD 	 M W W 

TABLE 

of assimilated CO2  equivalent to increases in increment of 

total dry weight. Experiment 1952 A. 1 Mg. carbohydrate is 

equivalent to 264 or 1.47 mg. assimilated CO2.  
100 

Zucrsas L-T dry weight 
per period 	per day 

mg.idm2  

/ 2/ dm /daj o' 
eauivaleat CO2  
assiodlate. 

Treatment 

0.25 p.p.m. 2,4-D. treated leaves 

1st 3 days 
	94 

3 days 	1 

Total i6 days 
	

217 	 13.6 

OD to. 
	 tat 	 • 	 DO DO 

0.5 	treated leaves 

ist 8 days 

2ad 8 days 

Total 16 days 

2.5 	2,4-D. treated leaves 

1st 3 clays 	146 

2nd 8 days 	152 

Total i6 days 	298 

18.2 	26.8 

19.0 	28.0 

18.6 

126 

12.2 	17 

224 
	 20.6 

Otta Ca CO Ca Ca 	Ca CO DM Ca Ca Ca Ca. CO 	Ca CO 

2.5 p.p.m. I.B.A. treated leaves 
1st 8 days 	135 	 24.9 

2nd 8 days 
	

99 
Total 16 days 
	234 
	

14.6 
	

',37 



- 100 - 

TABLE XXII 

Increases in Total Dry Weight Iler Square Deciffetre Experiment 1952 L. 

Treatment 	n rwe in Total Dow./a4 in, 	H. 
ler day per period 

Water controls 

1st 	8 days 79 9.9 
daye 35 5.0 

7:41 15 days 114 7.6 
... 	... 	4OP 

0.5 p.p.m. 	treatea leaves. 

1st 	8 days 79 9.9 

2nd 	7 days 47 6.7 

Total 15 days 126 6.4 

2.5 p.p.m. I.B.A. treated leaves 

1st 	8 days 64 8.0 

2nd 7 day3 83 11.9 

Total 15 days 	147 	9.8 

it will be noted that the'assimilatioh rate variea 

siderabiy in 	diii'erent experiments. The average values :or 

assimilation in treatments common to all three experiments tether 

with their initial Uri weigAt per square decimetre are entered in 

the table below. 
TABLE XXIII 
. 0 

Experiment 	initial D.W./dm' 	het Assimilation in mg./dm2/day 
%..h mg. 	Water 	0.5 p.p.m. 2.5 p.p.m, 

Controls 2_24-D. I.B.A. 

1951 44 , 5.1 8.1 6.3 
1952 A 367 12.0 14.0 14.6 

1952 b 466 7.6 3.4 3.8 
ra 	 



over the short period as used in these experiments is not suffi-

cient to counteract the effect of accumulated assimilates in the 

lamina which tends to limit further assimilation. 

Delo tendency for the assimilation rate to decrease as 

the experiment proceeds is sheen clearly in experiment 1952 1,', 

and this decline is least where the root system has developed te 

the greatest extent. 

Comparison of gaaemetrie reeulte with growth areOlysis data, 

An effort has been made to compare tee values for the 

l9,2 f experiment obtained by grewte aeulyeis and the gasometric 

determieatieee. The relevant data are entered in Table XXIV. 

From the meteorological data obtained from the Meteorological 

Office South Kenoington, the average number 3f hours sunshine over 

the period of the experiment was found to be 7.0 hours per day. 

The average assimilation rate obtained gasometrically for water 

controls and 0.5 pp.n. 2,4-D. treated leaves are entered as 

obtained for Table XI, for the first 8 days and the total period; 

assuming that the gasometric figures are representative of the 

rates under the average conditions cf sunshine prevailing during 

the experiments. The assimilation of CO2  per day has been cal-

culated using the average value for seven hours sunshine, and these 

are entered in the table. 

To compare with these figures,the amount of CO2  required 

to be assimilated te tAccount fcr tee observed gain in dry ereight 
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TABU  XXIV  

Comparison f asometric results with growth analysis Experiment 1952 B. 

Total number of hours aunshine during the experiment. 	in .4 
Average number of how sunshine per day. 	7.0 

Lest preAreatment 

0.5 p.p.rl. 
2,4-D. In wax  

Average CO,, assimilated per hour as 
recorded ry gasometer from Table X1 

1st. 6 days 
Total 15 days 

i; assimilation during the hours of 
sunshine will equal 

3,08 

2.86 
3.19 
3.03 

lat. 8 days 21.56 22.33 

Total 15 days 20.02 21.21 

Av. number oi hours dar:•:  

Ay. turaoer o,f hours daylight 	16 	10' 

Respiration 	'lug the darn 
per hour ,rom TaUe VI 0,70 0.73 

p; total res-lAration auri4g hours of 
darlmess will eival 

Mg. CO2  equivalent to gain in weight 
per day from Table XXV 

5.48 	5.92 

1st 8 days 

Total 15 days 

1g. CO2 required for gain in weight 
plus respiratory losses 

1st 3 days 

Total 15 days 

Difference between gasometric estimations 
and net assimilation. estimationu 

14.55 

11.17 

14.55 

12.35 

20.0 	20.5 

16.7 	18.3 

1st 8 days 	1.6 	1.8 

Total 15 days 	3.3 	2.9 mgidayidm 
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TABLE XXV  

M. CO2  equivalent to net assimilatloa as round from the total 

I D.W./dm2  increases in weight. 1 m6. Carbohydrate is equivalent 

to 1.47 mgs. 002. 

Treatment 
Increases in 	mg,./dm/day 
dry weight ,in 	of equivalent 
mg./day/dm 	CO2  assinilated 

Water treated leaves 

1st 	8 days 9.9 14.55 

2nd 	7 days 5.0 7.35 

Total 15 days 7.6 11.17 

2.5 p.p.m. I.B.A. treated leaves 

ist 	3 days 8.0 11.76 
2nd 	7 days 	11.9 17.49 
Total 15 days 9.8 14.40 

0.5 p.p.m. 2,4..D. treated leaves 

let 	8 days 9.9 14.55 
2nd 	7 days 6.7 9.85 

Total 15 days 	 12.35 
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per day have been used (Table XXV) any  nc are entered in the table. 

A correction needs to be made for the respiration losses during 

'the hours of darkness, anti  this correction has beers derived frce; 

the actual respiration rates obtained from ga °mtric experimeht0 

(Table VI). Adding the r'. CO2 
lost by respiration to the CO

2 

assimilated in growth experiments, the estimated gross assimilation 

per day has been calculated for the water catr_ls and the 214-D, 

treated leaves for which the values obtained are 20.0 mg. and 2O. 

mg. CO2  respectively for the first eight days; and 16.7 mg. and 

18.3 116. over the whole period. 

The agreement 'between the etiated a- sLsilation rate 

derived from the growth data and the &isometric data respectively.  

agree reasonably well for the first ei 'It days of the eXperilent„ 

but ()V4".: the whole period the assimilation rate 	the gasometrl, 

figures are somewhat high. Giving due regard to paucity of the 

gasometric data over the whole period it may be claimed that the 

agreement between the two met4Tis or estimating the assimilatioc 

rate is satisfactory. 

With regard to the effect of treatment ttb 204-D. on the 

assimilatio rate, both methods show that there is no decreae in 

assimilation due to hormone treatment, but on the contrary, there 

is some indication that the assiailation rate is actually increased 

by hormone treatment. In view of the analysis of the gasoultric 

data previously given which indicate that 2,4-1). treatmeat reduced 
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the assimilation rate, neither of these conclusions can be 

regarded as definitive, but ..bviously more weight should be 

attached to direct observations in Table XXIV; the evidence points 

to the conclusion that 214-1). has no direct effect on the assimi-

lation rate. 2,4-D. treatment ha n already been shown to have no 

eaect on the respiration rate either. 
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Sec. III 

Carbohydrate anals on  e  Imam  

The position with regard to the effects of growth 

hormoees ee. carbohydrate metabolism is someehat conflicting. The 

following data has been found in the literature. 

Using 2,4-D. ac a spray, Tukey et al (1945) found a 

complete disappearance o-  starch granules from Bindweed and 

Sowthistle rhizomes. Nitchell and Marth (1944) observed that starch 

hydrelyata was mere rapid during the ripening of bananas when they 

were treated with 204-D. than in the controls. Seth et al (1947) 

fouea that in Bindweed treated with 2,4-D, there was a rapid in-

crease in total sugars at first and then a drop to the sane level 

as the controls and that Starch-dextrins decreased to 1/e of the 

controls by the tenth day. D. E. Wolfe et al (1950) treated soy-

beans with 2,4-D. and found that -betel sugars was higher, reducing 

suer was hlehee and that etareh content was lower. Sell et ul 

(1949) obtained a depletion of the redueeIng and non-reducing sagars,. 

a decrease in acid hydrolysible polyeaccharides and a reduction in 

carbohedrate reserves ee bean plants treated with 201.-D. Beaucilawp 

(1950) obtained en increase in the sugar content of the sugar cane 

equal to 34, of the cane weight by spraying with 2,4-D. Weller et al 

(1950) found a depletion in the 2,4-D. treated bean plant of non-

reducing sugars but no significant change In the reducing sugars; 

the percentage starch was practically the same in the leaves and 

roots cf treated feel untreated plants. Wort (1950) treating buck- 
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wheat with 204-D. - und a decline in both total sueays and starch 

dextrins of Buckwheat, and that this effect increased with dosage. 

Smith (1948) using bean tissue cultures noted a reduction ie both 

starches and sugars when they were treated with 2,4-D. and Gall 

(1948( obtained a marked degradation of starch in 2,4-D. treated 

bean tissue cultures. The general consensus of opieion beieg that 

there was a general reduction in starches aed sugars although the 

results noted for eugar content varied under the different conditions 

used by the variouo workers. It must also, be noted that all the 

above mentioned workers used much stronger dosages than those used in 

these experiments. 

Previous work carried out on isolated and rooted French 

bean leaves by Gregory and Samantarai and by Murex i rare obviously 

more comparable with the present work; first, as the ooze leaf 

material was used, and second that the dosage of hormone employed 

was such ao to give maximum rooting reeeeeee. Ie these experiments 

I.B.A. was used throughout at a dosage of 2.5 p.p.m. 

Gregory and Snmantarai, working with the bean leaf, 

estimated the soluble carbohydrates in the lamina, and all conclu-

sions as to starch metabolises were drawn from iodine stained pre-

parations. They found a marked fall in starch content immediately 

after treatment until the third day after which, the starch content 

rose together with the soluble sugars, but that the starch content in 

the treated leaves never reached the same value as in the untreated 

controls. 



This work was carried further by MUrari who analysed the 

whole leaf using the lamina and petiole combined; and found that 

the total carbohydrate increased throughout the whole experiment, at 

first rapidly and then at a progressively lower rate until the end 

of the experiment; this was tree e: eeth treated a cceerel leaves. 

In the untreated leaves the ehaech content rose until the aixteenth 

day while in the leaves treated with I.B.A. the starch content rose 

at a :lower rate until the eighth day and then declined. The con-

clusion drawn from this work was that the balance of soluble carbo-

hydrates and starch was shifted by I.B.A. treatment in the direction 

of decreaeleg starch end increasing sucrose, the level of redueing 

sugars being much leas aehected. 

It appeared Laportant that the starch-sugar balance in 

isolated rooting leaves ehould be investigated further. In the 

present work therefore, certain experiment were undertaken to 

make eurther study into this relationship, using I.B.A. at the 

same level as used by previous workers (2.5 p.p.m.), and 2,4-D. at 

a level giving optimal rooting (0.5 pep.m.). 

Methods. Four disks one centimetre in diameter were removed 

from each leaflet at ranamp bet taken so that the main veins were 
not included. These disks were removed immediately after the fresh 

weights of the leaves were obtained from each set of leaves used in 

the growth experiments; i.e. from the initial leaves and at the 

eighth and fifteenth day weighings. They were then weighed imedia-

te/y and extracted in 95% alcohol for five winetes. The disks and 
alcohol were then placed in bottles which were sealed with paraffin 
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wax, and in this -way stored until the analysia were made. Before 

analyses were made the disks were drained and re-extracted; the 

it lot6 of alcohol combined and concentrated under reduced pressure. 

The residue after reduction was taken up in water at the rate of 25 

or 50 COG dietilled water for each gram of initial fresh weight in 

the disks; depending upon the amount ofmaterial ucod and the 

amount or sugar present in the sample. The ueount of reducing 

sugar in the maple waa estimated by the ieaametric technique 

described by Somogyi (1945) using his phespaete beefered copper 

tartrate reagent; 5 cc. aliquots being used for each determination. 

Total sugars were estimated by the uume technique after inverting 

the non-educing sugare with tavertase. Non-fermentable reducing 

substances were found by digesting an aliquot with bakers yeast 

and, estimated by the above method. The amount of non-fermentable 

reducing substance obtained was deducted from the total sugars and 

reducing sugars obtained in this way to give the amount of sugars 

actually present. 

Starches were estimated by the method described by Hanes 

(1936). After draining and washing of the disks with alcohol the 

disks were allowed to air-dry; and then around in a mortar to which 

a few grains of cleaned quartz sand had been added. The starch was 

then eolubulized with hot alcoholic HC1 under a reflux condenser for 

15 minutes. The starch was then dissolved out with boiling water and 

the water made up to a standard quantity after extraction, Two 

aliquots war taken for the estimation of starch; t- one of the 
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aliquots one cc . of 3$ beta amylase solution was added along with 

two cc. of 04.6 acetate buffer; to the other one cc . of distilled 

water and two cc. of the buffer was added. They were then digested 

overnight at 20°C. along with two atan3.ard starch solutions to give 

the hydrolysis limit of the amylase. Starch was estimated as nal-

tose,with the titration value found as the difference between the 

digested and undigested aliquots. Somogii's solution was again 

used. 

All values found were adjusted to the original fresh 

weight as milligrams per gram fresh weight. 

These analyses were reds or all levels of the three 

growth experiments described in the preceding pages. 

Results  . The primary data for carbohydrate analyses for the 

three experiments, are entered in Tables XXVI to XXIX. Al]. values 

given are in milligrams per gram fresh weight. To compare the 

values of the different experiments it has been necessary to 

calculate the data on a fresh weight basis. This was due to the 

fact that the analyses were carried out 04 sampling disks cut out 

of the leaf; and of these only the fresh weights were known. 

It will be noted that the experiment 1952 B (Table XXIX) 

differs markedly from the other two experiments by the very high 

total carbohydrates present initially in the leaves. 

Comparisons between the three experiments in so far as 

the changes in the carbohydrate fractions are concerned, for the 



three comparable levels of treatment, are show in Table XXX and 

XXX a. The following ratios are entered; total sugars over starch; 

1avert sugar over tarc; and reducincl; cugar over starch. The 

i'raction, invert sucar, measures the sucrose content of the leaf. 

The relative amount of sucrose and reducing sugar can therefore be 

derived directly from the data in the table as both the terms are 

stated in terms of the starch present. 

The ratio data for invert sugar over starch and total 

sugar over starc'a are sh(liln in the table below. 

TA3ER XXXI 

Invert Sugar over Starch SummAry data from E - Jeriments 1951 and 1952 A. 

Water 0.5 top.m. 2,4«.1). 2.5 p.p.m. I.B.A. 

1951 8 days 1.15 1.83 1.5@ 

16 " 0.76 4.23 0.89 

1952 A 8 58 2.04 1.41 
" 16 It 1.8© 2.04 0.84 

	

1010140.4•11. 
	 411.1101.411....11110111, 	 .1001.••••••••••••• 

TOTAL 
	

5.29 
	

10.114 	4.72 
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TABLE XXVI 

Laaina Carbobydrate Analyses. 	Experiment 1951 Summary. 

Total 	Starch 	Total 	Invert 	Reducing 
Carbo- 	Sugars 	Sugars 	Sugars 
hydrates 

Treatment 	in milligrams _per _gram Fresh Weight 

Initial 	4.59 	2.26 2. 1.16 1.17 

Water treated leaves. 
Inediately after 
treatment. 	.91 	1.83 2.08 1.09 0.99 

24 Bourn after 	9.43 	1.74 7.69 5.29 2.40 

11 days after 	19.19 	5.71 13.48 6.60 6.88 

21 days after 	22.79 	5.10 17.69 3.80 13.89 

0.5 p.p.m. 2,4-D, treated leaves. 

Immediately after 
treatment. 	441,,, 	1.09 2.96 1.69 1.07 

24 Hours after 	7.76 	1.28 6.48 3.29 _i.19 

11 days after 	19.51 	3.57 15.94 6.55 9._0 

21 days after 	26.75 	3.33 23.42 13.89 9.58 
a 00, 	 ....... . ... 111k S SS SSSS  

2.5 p.p.m. I.B.A. treated leaves, 

Immediately after 
treatment 	4.23 	1.33 2.90 1.30 1.60 

24 Hours after 	7.73 	1.09 6.64 4.22 2.42 

11 days after 	17.74 	4.26 13.47 6.71 6.76 

21 days after 	20.86 	5.47 15.36 4.85 10.53  



Initial. 
1.  
2.  
is 
Av. 

6.24 
13.28 
3.79  
7.77 

1.06 
6.21 
0.60 

5.18 
7.07 
3.19 

2.62 5.15 

Water - 8 days. 
1. 29.09 5.49 23.60 
2.  28.70 8.43 20.27 
3.  26.65 8.06 18.59 
Av. 28.15 7.33 20.82 

Water - 16 days. 
1. 32.17 7•44 24.73 
2.  25.95 7.83 18.12 
3.  
Av. 

22.16 12111 
r.76 .09 

Invert 
Sugars 

Reducing 
Sugars 

2.30 
2.70 
1.86 

2.88 
4.37 
1.33 

2.29 2.86 

7.86 15.74 
13.04 7.23 
1. 5.06 
11. 7 9.34 

16.10 8.63 
2.80 15.32 

Leaf 
Group 

Total 	Starch 
Carbo- 
hydrates 

Total 
Sugars 
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TABLE XXVII 

Lamina Carbohydrate Analyses. Experiment 1952 A. 

All data in mgs. per gram fresh weight. 

0.25 p.p.m. 
1.  
2.  
3.  
Av. 

2,4-D. - 8 days. 

	

52.96 	17.63 

	

40.07 	11.49 

	

20.32 	4.38 

35.33 
28.58 
15.74  
26.55 37.72 11.17 

0.25 p.p.m. 2,4-D. - 16 days. 
1. 62.72 	12.04 50.68 
2.  25.41 13.98 11.43 
3.  20. 2.12 1§121 
Av. .27 9.38 26.89 
0.5 p.p.m. 2,4-D. - 8 days. 
1. 30.29 11.86 18.43 
2.  16.49 6.95 9.54 
3.  
Av. 

17.92 4.01 1.1121 
21.57 -77gr 13.96 

18.25 
18.20 
11.22 

17.08 
10.38 

15.89 10.66 

27.30 23.38 
4.69 6.74 

1:4±21 6.04 
14:84 12.03 

7.02 11.41 
2.85 6.69 
10.26 315 

7. 5 



2.5 p.p.m. I.B.A. 16 dap 
1. 28.74 13,40 15.34 9.91 
2. 25.37 6.31 17.06 8.90 
3. 14122 _.2.tiq _.2.A2 3.80 
A. 	22.90  9.02 

5.43 
8.16 

TABLE XXVI  

Lamina Carbohxdrate Analyses continued. Experimnt 1952  A. 

Leaf Total 	Starch Total 	Invert Reducing 
Group Carbo- 	sugars sugarn auparn 

hydrates 
	me. per m.  freuh  

35.12 
14.69 
21.21 
23.61 

0.5 p.p.m. 2,4-D. 
1. 43.99 
2. 25.28 

24.0 
Av. 	3177  

16 Jaya 
6.87 
10.59 

23.46 11.66 
8.20 6.49 
14.40 6.6 
15.35 

2.5 F.p.m. 2,4-D. - 8 daya 
1.  
2.  
3.  
Av. 

39.63 
15.13 
iglIfi 

4.36 
6.33 
2.61 

35.32 
8.30 
11122 
19.36 

8,00 
3.00 
v.86 

27.32 
5.80 
4.  

3.79 4.4: 0.95 1, ,..,... 
4.0.1.....0110.1101111111.1.5. 	  

43.82 2.36 41.44 23.62 17.82 
25.33 12.49 12.84 8.98 3.86 
20.5 9.06 11.09 14.63 6.26 
29.77 7.9t 21.79 12.48 9.31 

-1..p.m. 	I.B.A, 
44.76 10.10 34.66 21.85 12.81 
25.25 10.57 14.68 3.91 10.77 
14.0r 3.25 10,80 8.0 

2.5 p.p.m. 2,4-D. - .6 Wive 
1.  
2.  
, ... m.  

2.5 
1. 

a. 
Av. 	7.9 	0.05 	11 dT. 
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TABLE XXVIII 

Lamina Carbohydrate Analymea. 

3bcperiment 1952 A Summary 1.n milligrams per gram fresh wei6ht. 

Treatcvnt Total 
Carbo- 
hydrates 

Ctr ti. 
Sufism 

Invert 
Sugars 

neducilJa 
8ugare 

7.77 
411. 	401. 	WI 	rot 	Me. 	....... 

8 day 	a:ter treatment, 

2.62 5.15 
*me . a ... 

2.29 2.86 
** 	OP 	11. 

Water 28.15 7.33 20.82 11.47 9.34 

0.25 p.p.m. 37.72 11.17 26.55 15.89 10.66 
2„4-D. 

0.5 p.p.m. 21.57 7.61 13.96 6.71 7.25 
2,4-D. 

2.5 p.p.m. 23.79 4.43 19.36 6.95 12.40 
214-D, 

2.5 p.p.m. 23.02 7.97 20.05 11.27 3.78 
I.B.A. 

16 days al!ter treatment 
Water 26.76 6.09 20.67 10.86 9.81 

0.25 p.p.m. 36.27 9.38 26,89 14.82 12.05 
2,4-D. 

0.5 p.p.m. 31.16 7.54 23.61 15.35 8.26 

2.5 2.p.m. 29.77 7.98 21.79 12.48 9.31 

2.5 p.p.m. 22.90 9.02 13.88 7.54 6.34 
1.B.A. 
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Lamina Carboh7drate Analyses. 

Experinent 1952 B. in milligrams per Exam fresh weight. 

Total 
Carbo-
arjxates_ 

Starch Tai 
sugars 

Invert 
sugars 

Beduin 
sugars 

lhitial 	24 .12 
...111. 	 M 	W 

6 days after treatment 

• 01....) 

W . 	A 

14.46 
up 	 . 

1.16 
A 

7.30 

Water 29.41 18.33 11.08 3.17 7.91 

2.5 p.p.m. 
I .B,A 29.05 16.42 12.63 5.19 7.44 

0.5 p.p.m. 
30.76 17.55 3.3.23. 4.74 8.47 

. A . MI6 	ao• .... . 	 fro• 

15 days atter treatment 

Water 29.1+6 10.42 19.04 9.53 9.51  

2.5 p.p.m. 
I.B.A. 23.11 6.96 6.87 

0.5 p.p.m. 
2,4-D. 27.34 13.24 14.10 6.02 8.08 



Treatment 
and Time 

Tata). wag= 	,Invert sugars_ 	Reducing,* 
Starch 	3taroh 
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TABLE Ma  

Laaina Starch - suGar rat oa for all three experiments. 

Only omparable treatmeats entered. 

initial leaves 

1951 

3.952 A 	( 

t. 

lf,••• 0.52 

1.09 

1952 B 	1.50 
yo*** * * * W 	  

0.76 

Water treated loaves 

1951 	11 days 	2.36 1.15 .1.21 

1952 A 	3 dc4a 	2.85 1.58 1.27 
1952B 	3 days 	0.61 . .  

" " 	" 
0.17 
... * .. 	00 410 

0.44 
0.5 w.p.m. 2,4-D. treatea leaves 

1951 	11 days 	4.45 1.83 2.(2 

1952 A 	8 days 	3,14 2.04 1.10 

1952 B 	e,  days 	0.75 0.27 0.48 
	 - . - - . - . . . . . . .. . .... - - . ------- 
2.5 p.p.m. I.BJ. treated leaves 

1951 	11 days 	3.16 1.58 1.58 
1952 A 	8 	ays 	2.52 1.141 I 	„1,..1. 

1952 B 	8 days 	0.77 0.32 D 
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TABLE XXX a 

Lamina starch - sugar ratios continued. 

Treatment 
and Time 

Water treated leaves 

1951 	21 days 

1952 A 16 days 

1952 B 15 days  

Total sugars Invert sugars, edicing sugar  
Starcn 	Starch 	Starch 

* 14•••••••••1111.1.000.1140.1....... 

i c 	0.76 	2.72 

	

1.60 	1.61 

	

0.92 	0.91 

a 410. AM, 	ea. 

0.5 D.p.L1. 	L;reated leaves 

1951 	7.15 
	

4.23 	2.92 

1952 A 16 aF.,3 	3.14 
	

2.04 	1.10 

1952 B 15 days 	1.07 
	0.46 	0.61 

or 	 4. 	 cor ....... volw Apt OM MO IMO 	 4.0 

2.5 p.p.m. I.B.A. treated leaves 

1951 	21 days 	2,82 	0.89 	1.93 

1952 A 16 days 	1.54 	0.84 	0.70 

1952 B 15 days 	1.4) 	0.75 	0.74 

010•111....* 
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TABLE XXXI Cont'd.  

Sumuiacy. Total sugar over starch ratios. 

Data from Experiment 1951 and 1952 A. 

Water 0.5 p.p.m. 2„4-D, 2.5 P.P.M. I.B.A. 

1951 	8 days 2.36 

111.11.0. 

3.16 
1951 	16 days 3.4S 7.15 2.82 

1952 A 8 days 2.85 2.52 
1952 	16 days 3.41 3.14 1.54 
Total -- 12.10 1708b lo.o4 
Ammo.. 

The variability in the data is so great that mean values 

have little weight. It appears however, that so far as 0.5 p.p.m. 

2,4-D. treatment is concerned there is evidence for a change in the 

ratio of soluble sugars to starch, and in this respect these results 

agree with the previous results found by MUrari for I.B.A. treated 

leaves. The I.B.A. treated leaves in this experiment present no 

evidence for a change in the ratio- o2 sugars to starch. 

The 1952 B Experiment shows very low ratis of sugar to 

starch. These are su=arized in Table XXXII. 
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invert sugar over wtarch summary . Experiment 1952 B. 

Water 	0,5 9,41.ras,  2 -D. 	2.5 

	

8 days 	0.17 

	

16 days 	0.92  

 

0,75  

  

1.09 

 

1.07 

en 
Water 	0.5 p.p.m. 	2.5 pep.m, I.B.A. 

 

u.61. 0.75 
1L4 Uuya 1.83 

 

 

1.) 

There is no evidence of char t&f ratios in thi 

experiment and here the 	zs the lowest ratio. It mus 

therefore be concluded that the findinaA f Murart have not been 

on the whole confirmed* 
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SUMMARY AND CONCLUSIONS  

In this work, experiments were carried out to investigate 

(1) the rooting response of isolated French bean leaves to phytoci-

dal substances applied to the petiole in non-lethal concentrations; 

and (2) the effects of these substances on the assimilation by the 

lamina, using both gasometric and growth experimente. 204-dichloroe 

pheeoxyacetic acid (2,4-D.) was chosen as being typical of these 

substances. 2,5 p.p.m. beta-Indolebutyric acid (I.B.A.) was used as 

a control giving similar rooting response but without toxic effects; 

water controls were used in addition. 

• (1) The following features of the rooting response were in-

vectigated to determine the treatment conditions for maximal rooting 

with 2,4eD.; 

A. optimal concentrations of the growth substance for 

rooting; and B, the light effect on rooting. 

(2) Over the range of concentrations 0.1 p.p.m. to I. 

the number of roots induced was directly proportional to the 

loge  of concentration. A fall in the number of roots induced by a 

higher concentration (2.5 p.p.m.) was noted; the number of rots 

induced by the two higher concentrations exceeded that induced by 

2.5 p.p.m. I.B.A.. Mean dry weight or roots per leaf attained a 

maximum at 1.5 p.p.m. 2,4-D. and decreased above and below this con-

centration. Since the assimilation rate is not couch affected by 

treatment, and if carbohydrate supply were the only factor concerned 

in determining root growth and root dry weight)  it would mean that 
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the dry weight per leaf 'should remain constant and the product of root 

number wet weight per root should also be cueetant. J.t high concen-

tration the product o root number and. weight falls below that of 1.5 

p.p.m., but thin Jo not comeensated by increases in weight per root 

indicating an inhibition of root growth be higher concentrations. At 

concentrations below the optimum total root weight also falls. The 

total weight of a root system will depend upon the growth or individual 

roots, and preuumable there was not sufficient time during the 

experiment to enable sufficient branching to take place, so that, the 

root weight per leaf vas lieited be the growth rate of the roots. 

Abnormalities occurred in the roots induced by the concen-

trations 1.0 to 2.5 p.p.m.; the number of these abnormal roots in-

creased with concentration. 0.5 p.p.m. was therefore, chosen ae the 

meet nuitable concentration to use in further eeeerimente. 

(3) No rooting response was observed when leaves were treated 

under adverse weather conditions such as low temperature. 

(4) An increasing number of roots was obtained with increasing 

aeouets 
	

light, during the rooting period after treatment. Leaves 

receiving light below a minimum or kept in darkness died before the 

end of the experiment. 

(5) A earked decrease was found in the number of roots induced 

whee treatment with either 2.5 p.p.m. I.B.A. or 0.5 pep.m. 214-D. was 

delayed 24 hours. The root length was again inversely related to the 

number of roots produced, suggesting that there is a strong 
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competition between growing roots and the supply of some nutrient, 

probably carbohydrates, 'which tend to limit the growth of individual 

roots. 

(6) The mean number of roots induced by 2.5 p.p.m. I.R.A. was 

inversely related to the number of hours light received during the 

first 48 hours. Root induction was best 'when treatment with I.B.A. 

was given in the light. The effect of light on root induction by 

0.5 p.p.m. 2,4-D. vas less pronounced; the greater nuMber of roots 

were produced there only a 24 hour light period was given during 

the first 48 hours. 2,4-D. treatment in the dark during the first 

2 hours was mere effective than treatment in the light for mot 

teduction. 

(7) An apparatus is described for the gasometric measurenent 

of the assimilation by individual rooting lenvez. 

(0) o evidence was found tbat 2,4-D. at the concentration 

used for maximal rooting (0.5 p.p.m.) affected the respiration of 

isolated leaves. Respiration of both water controls and the leaves 

treated with 0.5 p.p.m. 204-D. vas found to be correlated with 

teeperature with a Ci
10 

between 10°C. and 20°C. of 2.2 

(9) During the 1951 azaimilation eeperiments„ measured easo-

netricalle, the assimilation rate of leaves treated with 0e5 pepem. 

2,4-D. was consistently reduced. There was some evidence to show 

that the CO2 content of the air leaving the root chambers could not 

be reduced below the minimum of 0.04 by the assimelatieg leaves. 

No significant difference was found from the 1952 assimi- 



- 

latiou exeeriments, between the assimilation rates for the water 

ccetrols aud the 2,4-D. treated leavec. A correlation diagram was 

made from the two sets of data shows that some reduction in the 

assimilation rate had probably occurred. This may in part, be due 

to the paucity of data for the latter part of the experimental 

period. The assimilation rate for both the eater controls and the 

treated leaves fell with time; little difference being 

feeed between the two treatments in this respect. 

(10) Three experiments were carried out to measure the eet 

assimilation rate by growth experiments where thanes in treat 

or total dry weight per square decimetre were used L15 a measure of 

tee assimilation rate. No sigaificaat difference was found between 

treatmentl, at the end of the first period (8 or U days) in any of 

the experimeete. At the end of the experiment a31  treated leaven 

had higher assimilation rates than the water controls. This in-

crease in the assimilation rate paralleled the increase le tee 

number of roots induced by the different treatmont and deaages. 

This sueeeste that the translocation and utilleation or aaeLella ed 

materials in root formation tends to prevent the accumulation Of 

assiellateu in the lamina and thus allewiee the assimilation rate 

to be maintained. Total carbohydrate in the isolated leaven teeeed 

towards a maxteten; leaves with a high initial total dry weight per 

uleare decimetre had low assimilation rates, with the reverse being 

true where the leaves had a low initial dry weight per square 

decimetre. 



(11) No significant differences were found between treatments 

in the increments of lamina dry weight per square decimetre. In 

tee 1952 experiments the increments in the dry weight of the lamina 

were significant, the water treated leaves allowing the largest 

Inc rements 
	

ight. Owing to adverse weather conditions during 

t first period of the 1951 experimente no significant changes in 

the Lamiaa dry weights per square decimetre oecurred. 

(12) Petiole dry weights per square decimetre all increased 

significantly over the initial dry weights, the differences between 

succeeeive periods of the exeeriment reached significance. i n  

cant changes also occurred between treatments, 	having the 

greatest change in petiole weights per square decimetre. 

(13) Water content fell with all treatments except in the last 

experiment where treated leaven showed an increase in the useter 

content. 

(1)1) Satisfactory agreement was found between aso:cietric 

measurements and the net assimilation measurements for the first 

eight days. Gesometric measurements were higher for the whole 

sixteen daee, thee the net assimilation measurements. This was 

probable due to the paucity of gasametric nieusurementi made during 

this period. 

(15) No definite concluaion as to the relative amounts of the 

various carbohydrates could be drawn from the carbohydrate analyses, 

owing to the great variability between experiments. In the lamina 

there was no evidence of a shift in the starch/sugar balance due to 

hormone treatment. 
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